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INTRODUCTION

Hepatocellular carcinoma or HCC is the 5™ most common cancer and the 37 most lethal cancer worldwide. More
worrisome 1s the fact that the historically low incidence rate in the US has started to climb, most likely due to exacerbating
factors like chronic alcohol use, HCV infection, and perhaps most importantly obesity. Epidemiological studies have
consistently shown that obesity 1s a major risk factor in the development of HCC, due to the development of NASH, which
eventually leads and cirrhosis and finally ending in HCC. HCC patients who are obese have also been shown to have a much
higher rate of morbidity, mortality, and overall a much poorer prognosis. Yet, little work has been conducted on the
combinatorial effects of an obesogenic diet and exposure to an environmental or occupational carcinogen on the progression
and development of HCC. Therefore the goal of our work was to investigate the effects of an obesogenic diet in combination
with a known model carcinogen 4,4’-methylenedianiline (MDA).

MDA 1s considered an occupational carcinogen by the US National Institute for Occupational Safety and Health and
1s used 1n the manufacture of polyurethane foams used for insulation and in making coating materials, glues, Spandex®,
fibers, dyes, and rubber. Exposure to MDA can occur through occupational contact, touching consumer goods containing
MDA, or living near hazardous waste sites. Thus we expect the combination of an obesogenic diet and exposure to MDA
will result in markedly more rapid and severe progression of HCC.

Analysis of current literature has shown two reliable and validated markers for documenting hepatic neoplastic and
pre-neoplastic events, namely glutathione S-transferase P1 (GSTP1) and cyclin D1. GSTP1 is an important detoxification
enzyme that catalyzes the conjugation of carcinogens with reduced glutathione for excretion. Cyclin D1 1is a critical regulator
of the cell cycle and 1s required by proliferating cells to progress from the G1 phase to the S phase, and has also been shown
to be expressed in much higher levels in neoplastic foci than in surrounding livers. Thus we have used the levels of
expression of these two proteins as a way to document the progression and severity of hepatocarcinogenesis in rats exposed
to obesogenic diets and MDA.

ABSTRACT

Hepatocellular carcinoma (HCC) 1s the 5th most common malignancy in the world, and the third leading
cause of cancer death due to a rapid progression, poor prognosis and high rate of mortality. Even in countries
of historically low incidence rates particularly the US have experienced a steady increase in the occurrence of
HCC. Yet in the US 1t has been reported that 15-50% of HCC patients had no exposure to established risk
factors like heavy alcohol consumption, viral infection or aflatoxin B1 exposure. This highlights the role of
predisposing factors such as diet and potential exposure to occupational and/or environmental carcinogens as
being critical factors in HCC development and progression. Obesity, which has been on the rise for the last
30 years 1n the West, and high fat diets have been experimentally and epidemiologically linked to an
increased risk of HCC incidence and mortality. Therefore the goal of our study was to investigate the
carcinogenic potential of an environmental carcinogen 4,4 methylenedianiline (MDA) both singly, and 1n
combination with obesogenic dietary components.

Sixty-one day old male F344 rats were exposed to either a normal diet, a high fructose diet (30% 1n
drinking water), or a high fat/high cholesterol diet (Western diet, Open Source diets, 17% of calories from
protein, 43% of calories from carbohydrates and 41 % from fat) with and without exposure to MDA. Those
animals receiving MDA were administered a single oral gavage of 10 mg/kg MDA each week for eight weeks
after four weeks of exposure to each respective diet. Livers obtained from these rats were subjected to
immunohistochemical and Western blot analysis. Specifically, the effects on the hepatic cell cycle regulator
cyclin D1 and the detoxification enzyme glutathione S-transferase P-form (GST-P) which are established pre-
neoplastic and neoplastic markers of HCC were examined. Both the HCC neoplastic markers were observed
to be increased 1n response to MDA 1n animals receiving normal diet according to immunohistochemical
staining. Importantly, a further increase in the expression of these markers was observed as a consequence of
the combinatorial effect of MDA and diet. Overall, our findings suggest that carcinogenic potential of
environmental/occupational carcinogens could be significantly enhanced by dietary components.

MATERIALS AND METHODS

* F344 male rats (61 days old) were fed either normal, high fructose or western diet for 4 weeks prior to the
administration of MDA.

* The high fructose diet was administered ad libitum as a 30% solution in the drinking water, and the
Western diet was obtained from Open Source Diets (17% of calories from protein, 43% of calories from
carbohydrates and 41 % from fat). The animals weight was measured weekly.

* MDA was administered at a dosage of 10 mg/kg by a single oral gavage every week for 8 weeks at which
time the rats were sacrificed, blood was collected, and liver tissues harvested.

* Visual inspection of livers showed no signs of overt toxicity and all 24 rats survived the experiment. Rats
fed the Western and high fructose diets visibly had more visceral fat and a larger overall weight when
compared to rats on normal diet.

* Rats were sacrificed at the end of the 12 weeks and blood, liver, and i1leum samples were collected.

* Resected livers were embedded in paraffin after which cross-sectional slides made and subjected to
analysis through immunohistochemistry. The slides were deparaffinized using the HEMO-DE solvent
system, after which the tissues were rehydrated, blocked for non-specific peroxidases, then left in primary
antibody over night. Slides were then developed using DAB+ substrate-chromogen solution which would
bind to the primary antibody, be oxidized, and form an insoluble brown stain indicating positive
identification of our target protein. Slides were then counterstained with methyl green to make the positive
stain more distinguishable from the background.
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RESULTS

* As expected rats fed the Western diet and the high fructose diet had significantly higher body weights

in both the treatment group as well as the control group. Both the treated and control groups gained

approximately the same weight with the Western diet resulting 1n the largest gains.

* Both of these diets also caused the percent liver weight to body ratio to increase significantly when
compared to the normal diet control. Interestingly both the Western and high fructose diets had
approximately the same increase 1n liver to body weight ratios, suggesting that both diets cause an

approximately equal increase 1n hepatic steatosis.

* Immunohistochemical staining showed both a greater overall positive staining of hepatic tissues 1n
rats recerving MDA 1n combination with either the high fructose or Western diets. However rats
recerving MDA and a normal diet showed a few localized regions of positive staining.

* Metamorph analysis of immunohistochemical staining revealed that both pre-neoplastic markers,
GSTP1 and Cyclin D1 were increased by the high fructose and Western diets alone, yet the increase
was greater in those animals treated with MDA 1n combination with the Western diet. Cyclin D1

expression was marginally increased by a combination of high fructose diet and M!
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Figure 1A - At the end of the study both groups of rats that were fed a high fructose diet or a Western diet had
significantly higher body weights and showed visible signs of obesity and excessive adiposity especially visceral fat.

(Mean +/- SEM; n=24)

Figure 1B — Rats in both the high fructose group as well as the Western group also had significant amounts of fat

deposited in their livers as shown by the increase in the liver to body percent weight ratio. (Mean +/- SEM;

n=24)
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Figure 2 — GSTP1 levels were quantified from the
immunohistochemical staining through analysis with
Metamorph software that was able to calculate the
relative intensities of staining based on pixel density.
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CONCLUSIONS

Our hypothesis was validated as MDA causes pre-neoplastic events in
the livers of rats, and these events are greatly amplified in rats fed a
Western diet.

Pre-neoplastic events were detected even using a dosage of MDA that
is markedly lower than similar studies, highlighting the importance of
the influence of predisposing factors, like diet, in addition to
carcinogenic exposure.

Rats receiving high fructose showed only marginal differences in the
amount of cyclin D1 expression and showed no increase in GSTP1.
The experimental data strongly suggests that the type of diet along
with exposure to environmental or occupational carcinogens, like
MDA, could greatly enhance the risk of developing HCC in obese and
overweight individuals.
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Abstract Results

Currently first round of chemotherapy for patients with ovarian cancer includes a
platinum based drug called cisplatin. This treatment is often effective in 70% of women,
however after a few months of treatment tumor relapse occurs and patients become
platinum resistant, which happens in 70 to 80% of patients. The platinum-resistance and
tumor renewal has been reported due to cancer stem cells that are present in small
numbers in cancer. The purpose of the present study is to determine the effects of
cisplatin in combination with withaferin A (WFA), a bioactive plant product. \We looked for
cancer stem cells that express high levels of aldehyde dehydrogenase 1 (ALDH1), a
marker for cancer stem cells. The expression levels of ALDH1 were tested in vivo by
using immunohistochemistry and western blot of mouse ovary cancer tissues after drug
treatment. In vitro analysis includes western blot, ALDEFLOUR flow cytometry, and
sphere forming assay of ALDH* and ALDH- sorted cells. In vivo results suggest that
cisplatin resulted in a significant increase in ALDH1 expression levels, whereas WFA
when used alone or in combination with cisplatin significantly suppressed the expression
of ALDH1, suggesting that cisplatin increases the number of cancer stem cells. This
helps better understand the high probability of secondary platinum resistant cancer in
patients. In vitro results show that both cisplatin and WFA reduce ALDH1 expression
and act synergistically in combination. The difference between in vivo and in vitro

Figure 2: In Vivo Western Blot Analysis
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Lane 1: Control. Lane 2: WFA 2mg/kg body weight. Lane 3: CIS 6mg/kg
bodyweight. Lane 4: (WFA 2mg + CIS 6mg)/kg body weight. Analysis of tumor
for ALDH1 expression. Ovarian tumor tissue was used for protein extraction for
the western blot. WFA down regulates ALDH1 and cisplatin up regulates

SCID mice were injected with A2780 cells directly into the ovaries and treated with Cisplatin, WFA or combination of both.
Immunohistochemistry was performed using ALDH1-specific antibodies. Cisplatin increases ALDH1 expression, while withaferin A
decreases ALDH1 expression. The combination treatment of cisplatin and withaferin A further decreases ALDH1 expression levels.

studies could be that cisplatin treatment may not have enough time to act on the cancer
stem cells in vitro or the microenvironment could affect expression. The sphere forming
assay shows that only ALDH+ cells are able to form spheres on ultra-low attachment
plates in stem cell media. In conclusion, we have shown that ALDH1 expression is up
regulated with cisplatin treatment and down regulated with withaferin A or combination
treatment. Cancer stem cells also appear to need abnormally high ALDH1 production in
order to survive. Research supported by the NIH/NCI R25-CA-134283 grant.

Introduction

*Ovarian cancer is the leading cause of mortalities in gynecological malignancies.

oIt is very difficult to detect early due to symptoms that are mild at first and often mimic
other diseases. Most patients have advanced ovarian cancer when it is detected.

*/5% of women respond to the first round of platinum-based chemotherapy; however
5% of those patients who responded will relapse. If relapse occurs within six months
the cancer is determined to be platinum resistant.

*Only about 30% of women survive beyond five years.

*The combination drug therapy of withaferin A (WFA) and cisplatin (CIS) offers an
alternative to the current treatments in clinical practice.

*Aldehyde dehydrogenase 1 (ALDH1) is an enzyme which converts intracellular
aldehydes into carboxylic acids.

sIncreased ALDH1 activity has been linked to cancer stem cell properties in many cancer
types.

*The goal of this present study was to analyze ALDH1 levels in response to WFA and
CIS treatments and to understand the role of ALDH1 in ovarian cancer.

Methods

Cell Culture: Cell line A2780 maintained in RPMI-1640 medium supplemented with 10%
fetal bovine serum and antibiotic solution. Cells were cultured at 37° C in humidified air
with 5%CO.,.

*Drug Treatment: A2780 cells seeded into 6 well plates and treated with WFA, CIS or a
combination of WFA and CIS in varying concentrations for 48 hours. Cells were lysed
and collected after 48 hours.

*Protein Assay. BSA used a standard for protein concentration determination of cells via
spectrophotometry.

*\Western Blot: Protein from the cell samples were resolved on SDS-PAGE gel and
transferred to nitrocellulose paper. Diluted primary antibodies were applied to detect
concentrations of ALDH. Peroxidase labeled secondary antibodies applied and detected
using HRP chemiluminescence. Nitrocellulose paper was then washed and re-probed
with 3-actin to normalize protein concentrations.

*FACS Analysis and Cell Sorting: ALDEFLUOR kit used to detect ALDH+ and ALDH-
populations. The two subpopulations were sorted and collected using flow cytometry.

Sphere Forming Assay: Cells collected from flow cytometry were plated on ultra low
attachment plates with stem cell media. Growth factors added to the media every three
days. Allowed to grow for two weeks and photographs were taken after one and two
weeks.

Immunohistochemistry: Previously xenografted tumors were sectioned and fixed in
paraffin. Slides were prepared using ALDH1 antibodies and photographs were taken.

Figure 3: FACS Analysis of ALDH1 Positive Cells
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FACS analysis of ALDEFLUOR kit treated cells. Diethylaminobenzaldehyde (DEAB) is an inhibitor of ALDH1 activity and was used as
the control to show baseline fluorescence. The cells that appear above the indicated line for ALDEFLUOR were collected as ALDH1+

and the cells below the line collected as ALDH1-

Figure 5: Sphere Forming Assay
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ALDH- and ALDH+ cells that were sorted from FACS analysis were plated on ultra low attachment plates with stem cell media. Pictures
shown taken after 1 week and 2 weeks of growth. ALDH+ cells are able to form spheres while ALDH- cells are unable to form spheres.
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Lane 1: Control. Lane 2: WFA 0.5uM. Lane 3: WFA 1.5uM. Lane 4: CIS 20uM.
Lane 5: CIS 50uM. Lane 6: WFA 0.5uM + CIS 20uM. Lane 7: WFA 1.5uM + CIS
20uM. Lane 8: WFA 1.5uM + CIS 50uM. In vitro analysis of ALDH1 using cell
cultures following a 48 treatment. ALDH1 protein is down regulated with
increasing WFA concentrations, slightly down regulated with increasing CIS
concentrations and WFA + CIS acts synergistically to down regulate expression.

Conclusions

ALDH1 is an important biomarker for ovarian cancer stem cells
*Only cancer stem cells with high ALDH activity are able to form
spheres on ultra low attachment plates in stem cell media.

Cisplatin increases ALDH1 levels

*Withaferin A decreases ALDH1 levels

Combination therapy of CIS + WFA decreases ALDH1 synergistically
*Further studies need to be performed on the roles of signaling
pathway molecules with ALDH1 (Notch 1, HES1, HEY1, Nf-kB) as well
as generation of tumor in mice by injecting ALDH1+ cells into SCID
mice and subsequent treatment with cisplatin, withaferin A or in
combination.
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Introduction

Pancreatic adenocarcinoma has seen new advancements 1n therapy in recent years, but

the 5 year overall survival remains at 5%. About 50,000 cases of pancre

adenocarcinoma are diagnosed each year in the United States. Of these cases, 30%
present as locally advanced, stage III. The management of stage 3 pancreatic
adenocarcinoma remains a challenge in oncology. Balancing quality of life
management with active and effective therapies remains the key goals in optimal care.
Currently there are no well established guidelines for optimal staging and treatment in
locally advanced pancreatic cancer. The current NCCN guidelines include SIX
different chemotherapeutic strategies with significant variability of active agents

ranging from FOLFIRINOX based chemotherapy to just SFU alone
(http://www.nccn.org/patients/guidelines/pancreatic/files/assets/basic-

html/page66.html). This sigificant variability in chemotherapy and the lack of
concised guidelines has lead to wide spread therpies based on historical and 1n some

instances nihilistic bias’s.

Results

Hypothesis and Aims Methods

Hypothesis: * A literature review was conducted using the 5

atic * There 1s currently no standardized PubMed, EmBase, and Library of Congress Tc_g
treatment or staging algorithm for Database for articles with the title containing, =

unresectable locally advanced “Pancreatic Cancer” Locally Advanced”, &

pancreatic adenocarcinoma. “Stage 3 Pancreatic Cancer”, “Locally 2

Aims: Advanced Pancreatic Adenocarcinoma”.

* Evaluate current reported strategies For the purpose of this analysis articles were =
in the care and treatment of locally excluded 1f: (=
advanced unresectable pancreatic * they were not published 1n the last 7 §
adenocarcinoma. years or not published in English. A
Propose and establish an acceptable Abstracts of the remaining articles were
treatment strategy to optimize assessed and case studies, previous meta- -
diagnosis and treatment outcomes. analysis articles, and articles not %

treatment or outcome focused were [
removed. LLI
The selection process 1s demonstrated 1n
Figure 1. Fourteen Articles met the criteria o
and were then summarized in Table 1. B
Currently, there 1s no well-defined and established treatment %
-

algorithm for stage III pancreatic cancer. In the last 7 years
patients have been treated by chemotherapy alone, chemo-
radiotherapy (CRT), induction chemo followed by CRT, or CRT
followed by chemo. Other patients received irreversible
electroporation (IRE) or ablation.

Only a limited number (n = 3) of randomized control trials were
found for specifically stage 3 PDAC.

Patients who become eligible for surgical resection have the
greatest survival benefit.

Gemcitabine was the most common chemo agent used. Only 9
of the 14 articles define extensively the chemotherapy agents
used, the dosages, and durations.

New combinations of chemotherapy drugs are being studied for
patients with stage 3 PDAC. Notably FOLFIRINOX, which 1s
S-fluorouracil [5-FU], oxaliplatin, irinotecan, and leucovorin.
The most frequent dose of radiation given 1n patients with
chemo-radiation therapy was 50.4 Gy. These articles show a
consensus of recommending between 50-60 Gy.

Treatment with CRT has higher toxicity than chemo alone

CRT has no clear survival advantage over chemo alone.

Chemo followed by CRT reported the highest OS.

The single article reporting on FOLFIRINOX showed an
improved progression free survival but did not calculate OS

Acknowledgements

Proposed Treatment Algorithm

Discussion

 No established or well-defined

treatment algorithm was
found for Stage |l (locally
advanced unresectable)
pancreatic cancer. Stage Il
should be treated uniquely
from stage Il or stage IV by
the proposed algorithm.
Pancreatic adenocarcinoma
should be staged with a
triphasic CT scan and
diagnostic laparoscopy.

CRT should be the second-
line treatment in patients that
have stable disease or
response following 4-6 cycles
of induction chemotherapy.
Patients with progressive
disease should be treated
with chemotherapy
FOLFIRINOX is the
recommended firt line chemo
combination. Reports have
demonstrated improved
survival in metastatic patients
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ABSTRACT

Background. Vinyl chloride (VC) is a ubiquitous environmental contaminant and ranks 4™ on the ATSDR
Hazardous Substances Priority List. It has been shown to cause liver cancer and other hepatic
dysfunctions. We have previously reported increased hepatocellular necrosis in a highly exposed
occupational cohort and /n vitro models. The purpose of this study is to investigate hepatic injury /in vivo
and its mechanisms including the role of endoplasmic reticulum (ER) stress /n vitro.

Methods. Chow-fed C57BI/6J mice received chloroethanol (CIEtOH), a major metabolite of VC, and
lipopolysaccharide (LPS) after CIEYOH. High fat diet (HFD)-fed mice received a bolus dose of CIEtOH
after 10 weeks, 24 hours prior to sacrifice. Samples were harvested for determination of liver
damage, inflammation, ER stress and changes in carbohydrate and lipid metabolism. Apoptosis and
necrosis biomarkers were measured in human serum. In vitro, HepG2 cells were treated with varying
concentrations of chloroacetaldehyde (CLA), a metabolite of VC. RNA was extracted for analysis of
markers of ER stress (A3, Atf4, Hsp90bl1, and Chop).

Results. In chow-fed mice, CIEYOH alone caused no detectable liver damage but caused changes in
carbohydrate and lipid regulating genes. LPS exposure caused oxidative stress, lipid accumulation and
inflammation, which was exacerbated by CIEtOH preexposure. CIEtOH increased activation of recruited
and resident monocytes as well as neutrophils and was coupled with an increase in transaminases over
LPS alone, an increase in necroinflammatory foci and an increase in free fatty acids. The combination
of CIEYOH and LPS decreased TUNEL-positive cells, suggesting a switch to necrotic cell death. In
HFD-fed mice, CIEtOH caused an increase in HFD-induced liver damage, steatosis, hepatocyte
ballooning, infiltrating inflammatory cells, hepatic expression of proinflammatory cytokines and genes
involved in the ER stress response. In vitro, CLA decreased oxygen consumption, depleted ATP levels
and decreased mitochondrial membrane integrity.

Conclusions. Taken together, VC and its metabolites sensitize the liver to a “"second hit.” This serves as
proof -of -concept that VC hepatotoxicity may be modified by underlying liver diseases, which commonly
occurs in diet-induced obesity and NAFLD. These data implicate VC exposure as a risk factor in the
development of liver disease in susceptible populations. (supported, in part, by a grant from NIDDK and
NIH/NCI R25-CA134283)
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Figure 4: Effects of HFD and chloroEtOH on liver health and inflammation.
Mice were treated as described in Materials and Methods. Representative
photomicrographs of chloroacetate esterase (CAE) stains are shown. Alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) were
determined in plasma samples collected 24 hours after chloroEtOH.

ChloroEtOH strongly increased plasma levels of indices of liver damage
(AST, ALT) and the number of infiltrating neutrophils after chronic HFD
feeding.

BACKGROUND

Over 33% of US adults are obese (BMI > 30) with another 34.2% being overweight (BMI 2> 25).! One
of the major health effects of obesity is non-alcoholic fatty liver disease (NAFLD). Indeed, the
burden of liver disease has increased in the US in parallel with the obesity epidemic.2 However, it is
assumed that there are other contributing factors (e.g., environmental factors) that determine overall
risk for developing the disease.

Vinyl chloride is found in significant concentrations in the ambient air and the ground water
surrounding manufacturing complexes. Therefore, exposure to VC is widespread in industrialized
nations. Historically VC-exposure has been associated with hemangiosarcoma, HCC and fibrosis. The
Louisville industrial area (‘Rubbertown') is a well documented site for VC-induced liver diseases.3 What
is unknown is what low level (sub-NOAEL) exposure will do to the risk of underlying liver diseases.
While it is clear that high doses of VC are directly hepatotoxic to humans, the effects of lower doses
of VC and its interactions with overnutrition on overall liver health have not been determined.

The risk for developing fatty liver disease is not based solely on one factor, but rather is
modified by other mitigating conditions, such as genetic (e.g., polymorphisms in key genes) or
environmental (e.g., diet, lifestyle, etc) factors. Numerous studies have now established that
physiological/biochemical changes to liver that are pathologically inert can become hepatotoxic in
response tfo a second agent. This '2-hit’ paradigm has been best exemplified in non-alcoholic fatty
liver diseases.* We propose that low-dose VC may also serve as a second hit. The metabolism of VC
is similar to that of ethanol, which also causes fatty liver disease. VC is metabolized via an CYP2E1
and aldehyde dehydrogenase dependent pathway. Indeed, a key pathologic characteristic of VC-
induced TASH in humans is steatohepatitis analogous to ASH or NASH. VC-metabolites may therefore
be important mediators of VC-enhanced NAFLD.

Recent work has suggested that the delevelopment of ‘classical liver diseases’ (e.g., ASH and
NASH) involve endoplasmic reticulum (ER) stress. ER stress is induced when homeostasis of synthesis,
folding, and secretion of proteins is disrupted.® It is not known if TASH i.e., exposure to VC and its
metabolites induces ER stress.

Figure 1: Effects of chloroEtOH and LPS on liver health and inflammation. Mice
were treated as described in Materials and Methods. Representative
photomicrographs of hematoxylin & eosin (H&E), chloroacetate esterase (CAE) and
TUNEL stains are shown. Real-Time RT-PCR was performed as described in
Materials and Methods.

There were no gross morphologic changes in the untreated or chloroEtOH groups.
LPS induced inflammation, necrosis and apoptosis. ChloroEtOH increased the
number of LPS-induced necroinflammatory foci and the number of neutrophils.
However, chloroEtOH blunted the number of TUNEL positive cells, suggesting a
necrotic cell death rather than apoptotic. Hepatic gene expression levels of
macrophage marker F4/80, monocyte marker Cd68 and neutrophil marker Lyé66
were significantly increased in the chloroEtOH + LPS group. Whereas the
expression of intercellular adhesion molecule 1 Icam-1 was increased with LPS,
chloroEtOH did not alter this effect at the 24 h timepoint.

MATERIALS AND METHODS

Animals and treatments. Eight week old male C57BL/6J mice were obtained from Jackson Laboratory
(Bar Harbor, ME). Animals were administered chloroethanol (50 mg/kg i.g.) and/or LPS (10mg/kg i.p.)
24 hours later. They were anesthetized with ketamine/xylazine (100/15 mg/kg, i.m.) Oh, 4h and 24h
after injection of LPS. Animals were sacrificed and blood and tissue were collected for further
analyses.

Cell culture and treatments. HepG2 cells from ATCC (Manassas, VA) were exposed to (20 uM, 50 uM,
80 uM, and 100 yM of chloroacetaldehyde) and (60 uM) acrolein. Cells were plated at 200,000 cells
per well for 12-well plate. RNA was extracted after 6 hours.

Biochemical analyses and histology. Plasma levels of ALT, AST were determined using standard kits
(Thermotrace, Melbourne, Australia). Paraffin-embedded sections of liver were stained with
hematoxylin & eosin (H&E) to assess overall hepatic structure, and Periodic acid-Schiff reagent (PAS)
to detect glycogen. Neutrophil accumulation in the livers was assessed by staining tissue sections for
chloroacetate esterase (CAE), a specific marker for neutrophils, using the napthol AS-D chloroacetate
esterase kit (Sigma, St. Louis MO). Frozen sections of liver were stained with Oil Red O to detect
neutral lipids, and counterstained with hematoxylin.

RNA isolation and real-time RT-PCR. Total RNA was extracted from liver tissue samples by a guanidium
thiocyanate-base method (RNA STAT 60 Tel-Test). 1 pg total RNA per sample was reverse
transcribed. PCR was performed using the ABI StepOne Plus. The comparative C; method was used to
determine fold differences between samples.

Oxygen Consumption assays: Cells were plated in a XF24 cell culture plate (15,000 cells per well) and
allowed to recover o.n. Media was changed to unbuffered DMEM and the oxygen consumption measured
using a Seahorse XF24 Extracellular Flux analyzer.

ATP determination: ATP was determined in cell lysates using a kit from Sigma-Aldrich.

Cellomics HCS. After the predetermined incubation period with 4-HNE, the media was removed and
media containing: Hoechst (nuclear fluorescence), TMRM (mitochondrial membrane potential), Fluo-4
(free calcium), and TOTO-3 (cell membrane permeability) dyes were added to the wells. Following a 1h
incubation with the dyes, the plate was placed into the Cellomics Array Scan VTI HCS reader.
Cellomics Array Scan 60 software (7.6.2.1-1.00x) was used for determining the intensity of the dyes
listed above. Well averages, as well as individual cell data were recorded and analyzed.

Statistics. Summary data represent means + SEM (n = 4-6). ANOVA with Bonferroni's post-hoc test
or the Mann-Whitney rank sum test was used for the determination of statistical significance among
treatment groups, as appropriate. ¢, p < 0.05 compared to vehicle; ?, p < 0.05 compared to animals
exposed LPS alone.
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Figure 2: Effect of chloroEtOH and LPS on plasma transaminases. Mice were
treated as described in Materials and Methods. Alanine aminotransferase (ALT)
and aspartate aminotransferase (AST) were determined in plasma samples
collected 24 hours after injection of LPS.

Whereas having no effect in absence of LPS, chloroEtOH strongly increased
plasma levels of indices of liver damage (AST, ALT) 24 hours after LPS.

ORO

PAS

Figure 3: Effect of chloroEtOH and LPS hepatic lipids and glycogen. Mice were
treated as described in Materials and Methods. Representative photo-
micrographs of Oil Red O-staining (ORO) and Periodic acid-Schiff stain (PAS) for
glycogen at the 4 h time point are shown.

ChloroEtOH significantly enhanced LPS-induced steatosis as shown by ORO.
Accordingly chloroEtOH significantly enhanced the increase in NEFAs caused by
LPS (LPS: 1.2378+0.0281; chloroEtOH+LPS: 1.3687+0.0803 nmol/mg wet
weight. Whereas chloroEtOH slightly and LPS dramatically depleted unfasted
glycogen reserves in liver, their combined effect is blunted.
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Figure 7: Effect of chloroEtOH on Markers of ER-
stress /n vivo. Mice were treated and real-Time RT-
PCR for ER stress markers Hsp90bl (Grp94), Atf3,
Atf4 and Chop was performed as described in
Materials and Methods.

Whereas HFD-induced hepatic gene expression levels
of ER stress markers was significantly increased by
clEtOH, clEtOH didn't alter the expression of these
markers after LPS (4 and 24 hours).

Figure 5: Chloroacetaldehyde toxicity in HepG2 cells. HepG2 cells were
grown in 96-well plates and incubated with chloroacetaldehyde. Nuclear area
(Hoechst  fluorescence), mitochondrial membrane potential (TMRM
fluorescence), cell membrane permeability (TOTO-3) were determined using
the Cellomics HCS. Oxygen consumption rate was measured using a Seahorse.
ATP levels were determined using a luminometer.

Chloroacetaldehyde caused cell toxicity as seen in the decreased
mitochondrial membrane potential prior to increasing cell permeability.
Chloroacetaldehyde also causes a dose dependent decline in oxygen
consumption in ATP-linked oxygen consumption. Accordingly, ATP was
decreased by up to 75% 100 uM chloroacetaldehyde.
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Figure 6: Working Hypothesis (so far). VC metabolites cause mitochondrial
damage, which impairs oxidative phosphorylation; the cell increases flux
through anaerobic glycolysis to compensate for this loss of ATP yield. The
increased demand for glucose depletes glycogen stores and the cell becomes
'pseudo-fasted:’ this latter state likely increases AMPK
activity. Interestingly, mTOR, which is usually regulated in opposition to
AMPK, also appears to be activated by VC exposure. This concomitant
activation of catabolic (AMPK) and anabolic (mTOR) signals likely explains
why acetylCoA is being shunted to lipid synthesis instead of p-oxidation,
even under conditions of ATP depletion. The combined metabolic stress of
VC exposure likely sensitizes the hepatocyte to oncotic cell death caused by
inflammation.
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Figure 8: Markers of ER-stress in Chloroacetaldehyde
treated HepG2 cells. Hep62 cells were grown in 12-
well plates and incubated with chloroacetaldehyde (20,
50, 80, and 100 uM) and acrolein (60 pm) for 6

hours.

Chloroacetaldehyde (CLA) did not increase expression
of ER stress markers as observed /n vivo. Acrolein (+
control) induced markers of ER stress, as reported
previously.®
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SUMMARY

MICE
Vinyl chloride metabolite chloroEtOH:

1) sensitizes the liver to necro-inflammation and
steatosis.

2) increases LPS and HFD-induced inflammation.
3) enhances LPS-induced steatosis and NEFA.

4) exacerbates depletion of hepatic glycogen
reserves.

5) causes ER-stress after HFD feeding (chronic)
but not after LPS (acute)

Cell Culture (HepG2)
Vinyl chloride metabolite chloroacetaldehyde:

1) decreases mitochondrial membrane potential
prior to increasing cell permeability.

2) decreases oxygen consumption and depletes
ATP levels.

3) decreases markers of ER stress response with
increasing concentrations.
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Figure 9: Working Hypothesis. VC metabolites cause
oxidative stress and mitochondrial damage, which causes
ATP depletion and hepatocellular death. VC indeed
enhanced ER stress under some conditions: however this
effect was unique to fatty liver and was not directly
caused by the compound per se, as seen in the acute (LPS)
model and in cell culture. These data therefore may
explain why fatty livers are more sensitive to
VC/metabolite exposure.
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Development of a shRNA library for high-throughput screening of the role of
sphingolipids in tumorigenesis.

Cameron Conway', Gauri Patwardhan?#4, Doug Saforo?#4, Levi J. Beverly?4, and Leah J. Siskind?4,

1J. B. Speed School of Engineering, Departments of 2Pharmacology and Toxicology and 3Medicne,
‘James Graham Brown Cancer Center, University of Louisville, Louisville, KY

We seek to develop a comprehensive and unbiased resource that will allow
us to study of the role of sphingolipid metabolism in lung cancer biology. We
are creating a library of viral vectors that will facilitate knockdown of every
protein involved in sphingolipid metabolism. This library will be utilized in
cellular models to identify sphingolipid genes involved in response of lung
cancer to standard of care chemotherapeutics and will allow the scientific
community to interrogate the entire sphingolipid metabolic pathway in an
unbiased and comprehensive manner. This will increase our understanding
of the biological processes regulated by sphingolipids and may lead to the
identification of novel therapeutic targets.

Basic Sphingolipid Metabolism

serine + palmitoyl-CoA

1 serine palmitoyl transferase
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Balance of Sphingolipids Dictates Cell Survival

Hypothesis: Unbalanced sphingolipid metabolism in cancer cells results in an altered ratio
of glycosphingolipids to ceramides, increasing resistance to apoptotic stimuli.
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Resistance to apoptosis, Proliferation, Angiogenesis and Cancer
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Optimization of viral production for high throughput system
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Conclusion: The best parameters for viral production were 100,000 cells, 0.1ug DNA, and 0.25ug
PEI. During this experiment is was discovered that the low adherent nature of 293T cells was a
problem that resulted in inefficient viral production.

Improvement of cellular adhesion during viral production

Conclusion: The addition of A549 cells greatly increased the adherence of
293T cells and the optimal ratio of 293T to A549 cells was 45,000 to 5,000.

Infection optimization: concentration of polybrene

Conclusion: 0.2ug Polybrene per well resulted in the greatest viral infection
rate.

Infection optimization: viral concentration for infection

Conclusion: The concentration of the virus was directly proportional to the
infection rate of live cells, thus, concentration of virus used to infect target
cells should be maximized in order to maximize the infection rate.

Infection optimization: viral storage conditions

Conclusion: Freezing virus at -80° C with polybrene reduces the
infectivity by almost half.

Infection optimization: single vs multiple infections

Conclusions: Infecting target cells more than once does not
increase the rate of infection.

Infection optimization: variability among infections

Conclusion: Variability in the process should be minimized
before utilizing the library in high throughput studies.

Infection optimization: timing of infection relative to cell
seeding

Conclusions: Seeding cells prior to infection lowers infection rates.
Seeding and infection should be done simultaneously.

ummary and future directions

« Complete optimization and perform primary screens.

* Initial targets will be validated using several different established and
primary lung cancer cell lines.

« Using the shRNA libraries as novel tools, we will identify which
genes involved in sphingolipid metabolism alter the response of lung
cancer cells to standard of cancer treatments.

 This high throughput technique will be invaluable resources that we,
and others, can utilize for a myriad of applications.
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The Hepatic "Matrisome” Responds Dynamically to Stress: Novel Characterization of the
OF ECM Proteome
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ABSTRACT

Background. Chronic liver disease (e.g., ALD) follows a common natural history that InSUIt
leads to end-stage liver disease and hepatocellular carcinoma (HCC). There are no EtOH LPS
therapies to halt or reverse this disease process. The hepatic ECM proteome (i.e.,
matrisome) responds dynamically to stress. However: outside the context of fibrotic Ku pffer‘ cells

liver disease, the nature and impact of these responses to stress are poorly e ——

understood. The goal of the current work was to develop a proteomic method to

characterize changes to the hepatic matrisome and compare the impact of ethanol and >
lipopolysaccharide (LPS) on this compartment.

Methods. Mice were fed ethanol-containing or isocaloric control diet for 6 weeks and
injected with LPS or a vehicle 24 hours prior to sacrifice. Liver sections from these
mice were diced and processed in a series of increasingly rigorous extraction buffers
to separate proteins by age and crosslinking. Proteins in the resulting samples were
identified using liquid chromatography-tandem mass spectrometry (LC-MS/MS). These
data were filtered to show proteins that are extracellular by 60 annotation, and
further filtered based on current literature for matrisome proteins. Matrisome
proteins were categorized by primary function; these variables were compared between
the experimental groups. Immunoblotting was also performed using primary antibodies
against fibrin and osteopontin, proteins previously found to be significant in ALD-
associated ECM remodeling.

Results. The extraction methods yielded distinct pools of ECM proteins that were
readily identifiable by LC-MS/MS. The ECM proteome responded dynamically to stress.
For example, ethanol feeding caused a dramatic ~30% increase in the number of
proteins associated with the ECM proteome. A similar response was observed 24 h
after LPS injection. Interestingly, the enhancement of LPS-induced liver damage
caused by ethanol preexposure was associated with changes unique to that treatment. Beier et al., Hepatology, 49:1545-53 Figure 7: Role of the ECM in liver injury.
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liir;i?d, the combination of LPS and EtOH produced a highly crossed-linked fibrin(ogen) = — e = Y B m——T Ethanol and/or LPS exposure leads to ECM r'emodeling. This
. . igure 1: Injury and fibrin deposition wi an reatment. Mice . . . .
Conclusions. These results suggest that this approach can be used fo document were exposed to ethanol or control administration and subsequently response IS dy.nam'c and Corr?'fltes with an er'hanced mf'af“matory
ggz"}:"g:e C:‘::ﬁ::t;':eﬂliaicg p:c;’re:}:r;e S\'C:fr;ixp"e::“cwiI?"isa':;s::‘:e')h I'i::::i:‘: w:;:nw;! injected with LPS. Representative photomicrographs depicting liver injury Rhe"OTYPe dur"’.‘g S'I'ea'l'(.)h.epa'l'l'.l'ls.. The matrix ‘may Conf""'?m'e 1:0
summarizedq here J ' 9 9 (H&E), inflammation (CAE) and fibrin immunofluorescence are shown. The liver inflammation and injury indirectly (e.g., via hemostasis), via
inset shows plasma thrombin activity (TAT dimers). direct effects on inflammatory cells (Figure 5), and/or via altered
As is well-known, ethanol preexposure enhanced inflammatory liver injury = T T EroH o 1P — O — 6 wooke of chroric cleorol . signaling in hepatic cells (e.g., via integrins). These mechanisms are
BACKGROUND caused by LPS administration. Injury under these conditions correlated igure 3: Effects of E1OH and LPS on ‘mafrisome proteins. The effects of 6 weeks of chronic alcohol ingestion not mutually exclusive and can work additively to mediate the
o . . . 7 . . with perisinusoidal fibrin deposition. Administrations that prevented fibrin and/or injection with LPS 24 hours prior to sacrifice on the number of ECM proteins in various fractions were observed effects
Alcoholic liver disease (ALD), is a major cause of morbidity and mortality worldwide accumulation (e.g., hirudin and UO0126) blocked injury. These data determined. The size of the pie charts corresponds to relative amount of protein found in that fraction. y
(1). ALD progresses in stages from steatosis fo steatohepatitis, followed by indicate that fibrin accumulation contributes to inflammatory liver damage The ECM proteome responded dynamically to stress. For example, 6 wks of ethanol feeding caused a dramatic ~30%
fibrosis/cirrhosis and eventually hepatocellular carcinoma (HCC). Currently there is no : : : . . ..
s : caused by ethanol. increase in the number of proteins associated with the ECM proteome. A similar response was observed 24 h after
FDA approved therapy to halt or reverse ALD. 1In order to identify a potential O ; : )
therapeutic farget, a greafer understanding of the mechanisms by which ALD LPS injection. In'rer'esfmg.ly, the enhancement of LPS-induced liver <.iamfxge caused by ethanol preexposure _was SU M M A Ry
roaresses. barticularly in earlier stages. must be established associated with changes unique to that treatment. Indeed, the combination of LPS and EtOH produced a highly
prog . P Y ges, m : . o . : : : . . .
Changes to the extracellular matrix (ECM) during ALD are the most dramatic at the crossed-linked fibrin(ogen) signal (see Figure 1). These results suggest that this approach can be used to document 1. A new method for documenting changes in the hepatic ECM
fibrosis/cirrhosis stage, which is characterized by the accumulation of collagen I, as qualitative changes to the ECM proteome (i.e., presence and absence). proteome (‘matrisome’) is described.
well as laminin, fibronectin and fibrinogen (2). However, previous work has identified
key roles for ECM remodeling during earlier phases of the disease (3). Previous work 2. Sequential extractions characterize qualitative changes to this
by this group has illustrated a pivotal role of fibrin in ALD-associated ECM remodeling proteome
(Figure 1) (3). Work by others has also shown the importance of fibronectin (4) and MW )
osteopontin (5.). .'lthe comjr'lbu'rlon.of other ECM proteins to the progression of Fibrin ,s | TNF-a 3. The hepatic matrisome responses dvnamically to stress both
(kD)
inflammatory liver injury during ALD is not known. c h ic (eth | diet) and te (LPS)
To examine the role of the ECM in the inflammation stage of ALD, mice were pair fed 75 BB 3 . chronic (éThanol diet) and acute :
EtOH for 6 weeks. Select pairs were also injected with lipopolysaccharide (LPS) 24 ; ) ; ; . : : e e _ ¥ . . . .
hours prior to sacrifice fo stimulate an inflammatory response. Liver sections from Figure 2."ECM.Ex'rr'acT|c:jn Process. Liver dse§’r|ons flr'om mice w;_re dlceld 50 WD ~=80 EE 4. The combination of ethanol and LPS cause a unique mastrisome
these mice were extracted using the 'Texas 3-Step’ method by de Castro Brds et al. Info smaller pieces an .‘l'hen extracted in NaCl, SDS anc GnHCI. sl - %8 15 1 signature.
(Figure 2) (6). This method produces three fractions of ECM proteins that correspond Super'nafanfs' and the f'f‘al pellet from the G"H.Cl fraction were 37 -- ES . . . a4
to increasing age and crosslinking; the final insoluble pellet contains highly cross-linked resuspended in deglycosylation buffer for further analysis. - 38 10- 5. ECM matrices from ethanol-exposed livers enhanced activation of
ECM pr;cc:'reins. F:ac;‘riprys w(cla:r:e 'rhe:) c;nalyzc;,d r,ifthCE.CA:AS/Mst (Table 1; Figure 3) and The NaCl fraction is expected to be enriched with loosely bound - - £ % macr'ophages in culture, in-line with previous in vivo studies.
immunofluorescent staining (Figure o evaluate the proteome. - : . 5 S . ] . .
extracellular proteins and newly formed ECM, while the SDS fraction is ,- . e ‘ 6. Future work will focus on quantitative changes to the matrix, as
expected to be enriched with transitional ECM. The 6nHCl fraction and r h litati h ived h
pellet are expected to be enriched with ECM proteins, the latter 1 2 3 4 5 6 7 8 9 10 K — _ N N . n well as The qualitative changes summarized here.
MATERIALS AND METHODS containing highly cross-linked ECM proteins. @ These fractions were RIPA NaCl SDS GnHCl Pellet EtOH - . i i + +
Animals and Treatments: Male C57BI6/J mice were fed ethanol-containing or isocaloric control diet using deglycosylated and analyzed by LC-MS/MS. LPslev) - ' ] ' ] ’
the standard Lieber-DeCarli protocol. After 6 weeks, mice were injected with 10 mg/kg LPS or vehicle O - 16000 RE FE RENC E s
(saline) and sacrificed 4 or 24 h later. Chunks of liver were immediately frozen in liquid nitrogen and Protein Name Accession Number  Melecular Weight StEOpO ntin L6
stored at -80°C. Proteoglycans and glycoproteins 14000 - 1. Grant B, Dufour M, Harford T. Epidemiology of alcoholic liver disease
Sample Extraction: Pieces of liver were diced and processed through increasingly rigorous extraction :::::9:"09‘""'"“ chain :;Ei;rc:ﬁfse o1 :j t[;: 5 . Semin l“S' in Liver DiSé se. 1988: 8.'12[,25 2 .
buffers (see Figure 2). The supernatants and final pellet were resuspended in deglycosylation buffer to O LUM_MOUSE 38 Kba @ 120007 a ase. ¢ = :
remove post-translational modifications of ECM proteins. Samples from 5 separate mouse livers were ranulins _MOUSE (+1) kDa £ = .
pooled fzp subsequent LC-MS/MS analysis. P P P f‘aptgguoban T MovsE 35 toe £ g 1000 2. Schup.pan. D, Buehl M Sor.nasgndara.m R, Hahn E . N!a‘rr'lx as a modulator of
Liquid Chromatography and Data Acquisition: An EASY n-LC (Thermo) UHPLC system was used for LC z:::::'dez‘z; cytoskeletal 13 igj"xg:;: ;2 :gz % [ hepatic fibrosis. Seminars in Liver Disease. 2001; 21:351-72.
separation. A Nanospray Flex source (Thermo) was used to position the end of the emitter near the ion - £° .
transfer capillary of the mass spectrometer. The ion transfer capillary temperature of the mass Other ECM-associated proteins ':r'..!é 6000 3. B.ele.f‘ JI, Luyendyk JP, Guo L, von. !V\onffort C. ) Staunton DEv. .Ar"rc.ael GE.
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Viability of Losartan as a Combination Therag

Abstract

Cancer-selective oncolytic adenoviruses have great conceptual potential
as an emerging lung cancer therapy. However, one of the major
obstacles in oncolytic virotherapy is maximizing the spread of the virus
therapy throughout the tumor. Tumors have an extracellular matrix
that is dense enough to retard or outright halt the distribution of
therapeutic nanoparticles like viruses. Combination treatments aimed
at degrading, or limiting extracellular matrix production hold great
promise.

Losartan is a clinically-approved hypotensive drug with anti-fibrotic
properties; it has been shown in mouse models to increase the
distribution of some therapeutic nanoparticles by limiting extracellular
matrix production. In vitro experiments were performed to verify the
suitability of losartan as a combination treatment with oncolytic
adenoviruses. Toxicity tests showed that Losartan had no anti-cancer
properties of its own. Various cell lines in culture were then treated
with a combination of Losartan and adenovirus. The effects were
verified through visual examination of AAGFP fluorescence expression,
crystal staining of adherent cells, Western blot analysis for viral protein
expression, and virus titer produced in infected cells.

In several cell lines, the combination treatment of Losartan and
adenovirus was markedly more effective than the adenovirus
alone. H1299 cells responded particularly well to the combination
treatment, with positive results in each of the four analytical methods
used. More testing is needed to understand the full range of Losartan’s
effects and how to maximize its positive effect on viral efficacy.
Losartan appears to be a viable option to increase adenovirus
distribution in tumors.

Introduction

Oncolytic viruses ought to be an effective and self-sustaining weapon
against cancer. However, the dense extracellular matrix in tumors
prevents therapeutic nanoparticles from spreading through the tumor
and greatly limits the efficacy of adenoviral therapy. Moreover, tumors
grown in immunocompetent mice have also been demonstrated to
form capsule structures. These structures appear to be an active
tumoral response to viral infection that serves to contain the spread of
virus particles. Given all this, increasing the distribution of viruses in
tumors is vital to increase virotherapy efficacy. Preliminary tests were
run to verify the drug Losartan’s suitability for this purpose.

200x - HE stains of ED1 tumors in
Immunocompetent mice with
virus containment capsules.
White structures are the spaces

400x where cells were infected and
kiled by adenovirus; no cells
outside these structures were
infected.
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Fig. 1. Crystal stain of one of the initial
Losartan toxicity tests. No significant
effect on cell viability was seen until
about 200 uM.

Fig. 2: Representative images taken of
H1299 cells in a combination treatment
trial prior to crystal violet staining. Virus
treatments were at 2.5 MOI.
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Fig. 4. Effects of Losartan and Losartan + adenovirus combination treatments relative to
cells not treated with Losartan. (A) Before the AdhUV1 was applied, some H1299 cells
were pretreated for a day with 20uM of Losartan (twice the clinical dose). Plates were
fixed and stained on day three of the infection. (B) Stain readings were collected and
analyzed. Each point represents the mean of at least three wells £ (SD; bars).
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Fig. 5. Virus produced
In cells treated with
both Losartan and
AdhUV1 and cells
treated with only
AdUV1.

Fig. 6: Expression of adenoviral E1A genes in H1299 cells
treated with Losartan + AdhUV1 or AdhUV1 only. Pellet

samples were taken from dish cultures and analyzed

through Western blot.
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Fig. 3: H1299 cells were infected with AAGFP. Half of them were pre-
treated for a day with Losartan before infection. The strength of
AdGFP expression in both treatments was examined under a
fluorescent filter and representative images were taken.

Conclusions

 AdGFP experiments show that Losartan increases
the initial penetration and distribution of the virus.

* Viral replication appears to be increased in the
presence of Losartan, as shown by the virus titers.

» Losartan exhibits a positive effect on viral cytotoxicity
and increases the efficacy of adenovirus therapy,
particularly at low MOI’s.
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