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ABSTRACT RESULTS

Purpose: Delivering effective drugs at effective MCF7 ___S2VP10 _ MiaPaCa-2 _Panc-1__ S2CP9
concentrations to all cells in solid tumors, especially EMMBERIN
pancreatic adenocarcinoma, remains challenging due to
low drug accumulation within tumors and high levels of
systemic toxicity. To overcome these problems, S100A9
liposomes can be utilized to enhance drug delivery. We
hypothesize that S100A9 liposomes will exhibit enhanced
accumulation In pancreatic orthotopic tumors due to

S100A9 specificity for the EMMPRIN receptor. |
Methods: Pancreatic cell lines, S2VP10, MiaPaCaZ2, |
ES?2

EMMPRIN EXPRESSION

S2CP9, and Panc-1, were evaluated for EMMPRIN
expression along with ES2 (positive control) and MCF7/
(negative control) using western blot. Liposomes were
bioconjugated ~with  S100A9 ~and CF750 NIR - dye, Figure 4: Accumulation of the S100A9 liposomes was observed at the 6hr
Spec.:muty a'.“d activity of the S100A9 Ilposqmes Were tinge point using 2D AMI imaging. SZVPEO cells were othotopically injected
studied _ USIn.g fIOW-Cytpmetry. SCID ~ mice  were InNto mice. After tumors were palpable, S100A9 probe was injected to
orthotopically implanted with S2VP10 cells. After tumors — identify pancreatic tumors. Probe accumulated within tumors at 6hr post

reached 3mm, 200 uL of 5 OD S100A9 liposomes was IV - SoVP10 ——— Danc. SoCPo injection. A representative mouse (Right) demonstrates preferential binding.
Injected Into mice. Mice were Imaged using 2D AMI Cell Lines Probe accumulation in pancreas was confirmed ex vivo (Left).

imaging and 3D MSOT. Figure 1: (top) Western blot image of EMMPRIN Expression. (bottom)

Results: EMMPRIN expression was seen at 1.2X and Dose symmetry of EMMPRIN Expression in pancreatic cell lines and

0.9X relative abundance in S2VP10 and MiaPaCa-2 cells positive and negative controls with ‘respect to actin. EMMPRIN CONCLUSION

, fvelv: h - MCE7 : d 0.1X relat expression was seen at 1.2X and 0.9X relative abundance in S2VP10
ESPECLVELY, NOWEVET, EXPresse ' clative and MiaPaCa-2 cells respectively; however, MCF7 expressed 0.1X EMMPRIN was found to be

abundance EMMPRIN. Flow-cytometry showed cellular relative abundance EMMPRIN. . .
uptake of S100A9 liposomes In S2VP10 and MiaPaCaZ2 ?elﬁr”e:gsre‘:ﬁ:sménit gr?%ﬂren?gancj}ggg

cells at ~92% and ~84% respectively. 3D MSOT imaging for active targeting. The evaluation of

and 2D AMI imaging showed accumulation of the S100A9 contro| naked SRS D _ .
liposomes at the tumor ES-2 o S = e . posomes Pancreatic. S100A9 liposomes showed

. . . POSItlve o oL = R e ” L - B T Ly o . NI |
Conclusion: The S100A9 liposome selectively targeted Control N N . T i an Increased alinity ‘of pancreafic
- | | cancer cell lines S2VP10 and

pancreatic orthotopic tumors in vivo, thus establishing that
the stealth liposomes can be used as a drug delivery
system for an alternative pancreatic cancer treatment.

Relative Abundance

4 MiaPaCa2. Accumulation of the
: | | M 480 1 M ev2 liposomes observed via AMI imaging
MCET MO N s R A O A gt ac® R P elucidates that S100A9 liposomes

APC-Cyr-A

Negative 2ok = zs0r poor selectively targeted the pancreatic
MATERIALS & METHODS Control 200K ek 2okl S I orthotopic tumor and has potential to
be used as a delivery system for
alternative pancreatic cancer
treatment.

Pancreatic cancer cell ines MiaPaca2 and S2VP10 were
utilized In this study along with MCF-7 and ES2 cell lines, , [ L U I [ C o i STe i [ [ e
a breast cancer and ovarian cancer cell line, respectively. Beoma T T eera T Weema T T Beona ™
MiaPaca-2 and MCF7 cells were grown in DMEM with Control S100A9 Liposomes FUTURE DIRECTIONS
10% FBS and 1% L-Glutamine while S2VP10 and ES2 s e |

cells were grown in RPMI 1640 with 10% FBS and 1% L- S2VP10
Glutamine at 37°C. Western Blot analysis of EMMPRIN
expression was used on S2VP10, MiaPaCa-2, Panc-1,
S2CP9, ES2, and MCF-7 cell lines. MCF7, ES2, S2VP10,
MiaPaCa2 were used for flow cytometry to ensure active
binding of receptor. Immunocytochemistry was performed
on S2VP10, ES2, and MCF 7. Cells were incubated with
CF-750 dye alone, bioconjugated S100A9 probe, naked . | 1 e
liposome, and S100A9 targeted liposome for 1-h; scraped . o tws ]

e — _
3 4
3 4 5 . 10 10 10°

and collected for flow cytometry. SCID mice were -
orthotopically implanted with S2VP10 cells. Tumor growth ACKNOWLEDGEMENTS

was monitored using 2D AMI Imaging. After tumors . | . . .
hed 5 ¢ I Figure 2: Flow Cytometry was was performed on positive contol ES2 (ovarian cancer), negative control _
reached 3mm, 200 uL of 5 OD S100A9 liposomes was IV MCF7 (breast cancer), and pancreatic cancer lines S2VP10, and Miapaca-2 to test the activity of the This work was supported by

Injected Into mice. Accumulation and biodistribution of the S100A9 targeted liposomes, ~92% and ~84% binding was seen in S2VP10 and MiaPaCa2 Cells CA139050 and R25- CA-134283
probe was monitored with AMI imaging. respectively. from the National Cancer Institute

Pancreatic cancer cells are addicted to
autophagy, thus using the metabolic
orocess as a survival mechanism. We
pelieve that utllizing the S100A9
Iposomes as a drug delivery system for
) | 2 chloroquine, an autophagy inhibitor, will
MiaPaCa?2 . D ed B decrease systemic drug toxicity and

R | . 4 increase pharmacological drug efficacy
and potency.
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Abstract

Lung cancer Is the leading cause of cancer related deaths in the United States.
Lack of early diagnosis, metastasis, and resistance to treatments are major causes
of the poor survival rate of lung cancer patients. Metastasis, the spread of cancer
cells from the primary tumor to other non-adjacent organs, accounts for most of
the cancer related deaths. The commonly used metastasis models utilize
Intravenous injection of tumor cells, thus bypassing the egression of malignant
cells an obligatory step in metastasis of spontaneous cancers. \We developed a
unique metastasis model by in vivo passaging the Lewis lung carcinoma (3LL)
cells and maintaining them in vivo with 7-11 days of intermittent culture in
between passages. When injected subcutaneously (s.c.), parental 3LL cells have
minimal metastasis, while in vivo passaged 3LL cells (p-3LL) show robust
metastasis. Chemokine receptors have been found to play an important role in the
migration of the cancer cells. Chemokine receptors on cancer enable the cancer
cells to metastasize to other areas Iin the body. Given the paramount importance of
chemokine signaling and receptors in cancer metastasis, we decided to study the
expression profile of every chemokine receptor. This was done in order to study
the chemokine receptors which may play the most important roles in 3LL
metastasis in mice. Real-time PCR was used to examine the transcript levels of
every chemokine receptors in 3LL and p-3LL cells and tumors. CCR6 and CXCRY
were found to be up-regulated in the passage tumors compared to the parental
tumors, possibly indicating these receptors play a pro-metastatic role in cancer
cells. CCR1 and CCR3 were down-regulated in the tumors, possibly indicating
these receptors either play an anti-metastatic role or play no role whatsoever. The
chemokine receptors CCR3, CCR4, CCR9, and CXCR4 were up-regulated in the
p-3LL cells as compared to the 3LL cells, indicating that these receptors may play
an important role in promoting lung cancer metastasis. The chemokine receptors
CCR1, CCR6, CXCR1, CXCR7, CX3CR1, and BLT1 all showed a significant
reduction in the p-3LL cells. This down-regulation may mean these chemokine
receptors do not play a role in the increase in metastasis of the p-3LL cells or may
play an anti-metastatic role. Each of the other chemokine receptors demonstrated
no significant transcript level change in the passage cells compared to the parental
cells, suggesting these receptors do not play a role in metastasis.

Models of Experimenal and Spontaneous

Metastasis

*The widespread use of experimental metastasis models refers to the
Injection of tumor cells directly to the systemic circulation where site of
Injection largely defines the metastatic site. For example 1.v. to lungs; hepatic
vein to liver; heart to bones and so on.

* The most common site of tumor cell injection employed is the lateral tall
vein in mice which primarily results in pulmonary metastases in variety of the
Implantable models studied.

* The fact that the early steps in the metastatic cascade are eliminated
through experimental metastasis modeling is a potential disadvantage.

* Furthermore, the process of spontaneous metastasis from a primary site
may be associated with selection events that yield a distinct profile of
successful metastasis.

* Given the concerns about the relevance of experimental metastasis, it Is
Important to develop spontaneous metastasis models relevant for delineation
of molecular events taking place during metastasis in cancer patients.

Spontaneous Metastasis Model

Fig.1: Generation and maintenance of poorly (3LL) vs. highly

metastatic (p-3LL) line:

Culture 3LL cells from Excised and
frozen vial for 1 week processed
> 3 passages

Maintained by repeated in vivo
passage without >d11 culture

x

3LL cells

~

‘ S.C.
p-3LL cells
=P

Highly metastatic tumor

Poorly-metastatic tumor

Experimental Data

Fig. 2: 3LL cells show minimal metastasis, while p-3LL cells show
robust metastasis In subcutaneous model of spontaneous
netastasis.

- Liver-

* %

Ul

Asa
A

P EFEPDNDNDWW
Ul

TUMOR BURDEN
TUMOR INCIDENCE

a1
n
[

Role of chemokes and chemokine receptors

TUMOR INCIDENCE
ORPNWAUUIONO
CENKRIoNXO

o
w
=
iR

(@)

Fig 3: H&E histopathology for the lungs and livers from
spontaneous metastasis shown in Fig. 2.

Chemokines are proteins discharged by cells. They cause the activation and accumulation of leukocytes from
bloodstream to a site of infection/inflammation

<>Chemokine receptors are expressed on different types of leukocytes. Some are always expressed but others
are expressed only when induced

<>The majority of cells are able to secrete chemokines provided the right stimulus

<>Some chemokines have been found to inhibit tumor growth and angiogenesis while others have been found
to promote these cancer spreading processes. These roles of chemokines are still being studied
<>Chemokines may increase the body’s counterattacks to infection, tumors and vaccines

CC and CXC chemokine receptors and their ligands

Receptor Chemokine Ligands
CCR1 CCL3 (MIP-1a), CCLS (RANTES), CCL7 (MCP-3),

CCL14 (HCC1) , ;
CCR2 CCL2 (MCP-1), CCL8 (MCP-2), CCL7 (MCP-3), CXCR1 CXCLS (lnterleukln—ﬂ}, CXCLa (GCPZ)

CCL13 (MCP-4), CCL16 (HCC4) CXCR2 CXCL8, CXCL1 (GROw), CXCL2 (GROB), CXCL3
(GROY), CXCLS5 (ENA-78), CXCL6

CCR3 CCL11 (eotaxin), CCLI3 (eotaxin-2), CCLT (MCP-3), CXCR3-A CXCL9 (MIG), CXCL10 (IP-10), CXCL11 (I-TAC)

CCL5 (RANTES), CCL8 (MCP-2), CCL13 (MCP-4)
CCR4 CCL17 (TARC), CCL22 (MDC) CXCR3-B CXCL4 (PF4), CXCLO (MIG), CXCL10 (IP-10),

CXCL11 (I-TAC)
CCRS CCL3 (MIP-1e), CCL4 (MIP-1p), CCL5 (RANTES), CXCR4 CXCLI12 (SDF-1)

CCL11 (eotaxin), CCL14 (HCC1), CCL16 (HCC4)
CCR6 CCL20 (MIP-3, LARC) CXCRS CXCL13 (BCA-1)

CXCR6 CXCL16 (SR-PSOX)
CCR7 CCL19 (ELC), CCL21 (SLC) CX.CRI CXCLI (ractalking)

ccrs CoLt (1309) XCR1 XCL1 (lymphotactin), XCL2

CCRS CCL25 (TECK)

CCRI10 CCL27 (CTACK), CCL28 (MEC)

Methodology

<total RNA in a 50 ul reaction

<6 samples of 2.00 ul of each type of cell — 3LL, p-3LL, tumor and p-tumor, underwent real time PCR

in the presence of 2.00 ul of primers for every one of the chemokine receptors
<6.00 pul of water and 10.00 ul of SyBr green mix was added to the 96 well plate

<>Direct detection of PCR products was monitored by measuring the increase in fluorescence cased by

the binding of SYBR green | dye to double strand DNA

<>The parameter Ct (threshold cycle) was defined as the fraction cycle number at which the fluoresce
passed the threshold

<-The relative gene expression is compared with control (untreated/housekeeping gene) using 2-2ACt
method by normalizing with GAPDH gene expression in all the experiments

Fig. 4: Differential expression of each chemokine receptor at
transcript levels in 3LL tumors compared to p-3LL tumors
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Fig. 5: Differential expression of each chemokine receptors at
transcript levels in 3LL cells compared to p-3LL cells
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Summary and Conclusion

»Successful establishment of a poorly and highly metastatic spontaneous animal
model for lung cancer (Fig. 1).

» 3LL cells show minimal metastasis, while p-3LL cells show robust metastasis In
subcutaneous model of spontaneous metastasis (Fig. 2).

»Chemokine receptors CCR1 and CCR3 were found to be down-regulated in the
passage tumors (Fig. 5).

»Chemokine receptors CCR6 and CXCR7 were found to be up-regulated in the
passage tumors. (Fig. 5).

»CCR6, CXCR1, CXCR7, CX3CR1, and BLT1 were found to be down-regulated in
p-3LL cells compared to 3LL cells (Fig. 6).

»CCR1, CCR3, CCR4, CCR9, and CXCR4 were found to be up-regulated in the
highly metastatic p-3LL cells compared to the 3LL cells (Fig. 6).

»In conclusion, the study defines a distinct pattern of chemokine receptors which
could potentially play pro or anti-metastatic role in our model of 3LL cancer cell and
tumor metastasis. The significant up-regulation of the chemokine receptors in the p-
3LL cells but not the p-tumors may indicate that those receptors on the host cells may
play a role in metastasis. Further studies are needed to confirm the differential
expression of various receptors in 3-LL and P-3LL cells. The functional significance
of individual chemokine receptors will have to confirmed by independent siRNA and
or Inhibitor experiments.

Acknowledgements: Supported by grant R25-CA134283 from
the National Cancer Institute
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1. Introduction

Lung cancer Is the second leading cause of death nationwide. 5-year
survival rate for localized cancer (52.5%) is much higher than for
advanced stages (3.5%).t However, only 15% of patients are
diagnosed at this early stage.* Development of early stage
biomarkers will drastically decrease death rates.

Stable isotope-resolved metabolomics (SIRM) provides a functional
readout of cellular activity and is therefore a useful tool in biomarker
discovery and fundamental cancer biology. We have established a
primary lung squamous cell carcinoma line (PSLC1) in collaboration
with Dr. Jun Yan, and studied it in situ and in mouse xenografts
using SIRM. Here we report the metabolic activities of the cell line In
culture using two different tracers to evaluate central metabolism.

2. Methods

PSLC1 cells were grown in either [U-13C]-glucose or [U-13C,1°N]-
glutamine labeled medium. Cell extracts and medium were prepared

and analyzed by 'H-NMR, HSQC, TOCSY, GC-MS, and FTICR-MS.#*

3. Results

4. Metabolic Profiles of PSLC1 cells

13C-Glucose Labeled Metabolites 13C-Glutamine Labled Metabolites

B
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mol/mol Essential Amino Acid
0 M BB O 0 O Ma B O
mol/mol Essential Amino Acid
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3C Labeled Carbons | | '3C Labeled Carbons

Cells were grown in the presence of either [U-13C]-glucose or [U13C,*N]-GIn for 24 and 48 h prior to
harvesting and extracting. The HSQC NMR selects protons directly attached to **C, and can be
guantified.

5. Lactate Derives from Glucose

13¢ Incnrpnratiun into Lactate New Lactate Pmd:;ehd between 24 and

Other
Gln 5%1

1%

e~
13C-Glc 13C-GIn

% 13C enrichment from 1H-NMR

6. Glucose Consumption and Cactate
Production Indicate That the Cells Are Highly
Glycolytic

13C-Glucose Consumption vs. 13C-Lactate Production

y =0.4938x
R? = 0.9981 M 13C-Lactate

Phenylalanine
®13C-Glucose

B Glutamine

y =-0.2786x + 20.4
R*= 0.99787

Concentration/ mM

20 25
Time/h

Glucose consumption and lactate production in the medium were determined using
'H-NMR. 88.6 £ 2.9% of the glucose consumed was converted to excreted lactate. The
rate of GIn consumption was <10% of the glucose consumption rate.
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FTICR-MS analysis of extracts of cells grown on [U3C]-glucose or [U13C,®N]-Glutamine

7. Cells Consume Glutamine
and Excrete Glutamate

Glutamine Consumption and Glutamate Excretion
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Approximately 15% of the GIn consumed was converted to Glu and excreted, implying
active glutaminolysis and a possible amino acid antiport activity.
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[UL3C]-Glucose: GCMS of Cell Extract
Circled isotopologues represent products of
pyruvate carboxylation. Pyruvate carboxylase
overexpression has been observed in some
human lung cancers.®

11."Glutamine’is the Major
Precursor in Proline
®15N13CGLN Biosynthesis
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TOCSY experiments: Pro is heavily enriched

from GIn, and insignificantly from Glc. C-MYC
13C Isotopologue has been found to up-regulate enzymes involved
in proline biosynthesis.®

[UL3C]-glucose: ATP (m + 5) [UL3C,°N]-Glutamine: Glutamine is a [USC,°N]-Glutamine: Glutamine is the
Isotopologue indicates that the ribose [ major nitrogen donor in purine dominant carbon source for pyrimidine
subunit is derived from glucose. biosynthesis. biosynthesis.

m+3 m + 4 (:::) m+6

12. Pro-META Analysis Confirms
C-MYC Overexpression

R e e

NSCLC are often MYC-driven. Western Blot using anti-C-MYC and anti-Tubulin shows high expression of
MYC in these cells.

13. Discussion

C-MYC overexpression was determined by Western Blot
analysis combined with SIRM via Pro-META analysis
Cells exhibited linear glucose consumption that persisted
even as consumption of other nutrients diminished
Glutamine represents a major contributor for biosynthetic
and bioenergetic cellular needs
Glutaminase and enzymes involved in proline metabolism
may be up-regulated by C-MYC overexpression®°
SIRM Indicates that pyruvate carboxylase may be up-
regulated>

The ability of SIRM to generate hypotheses about protein
expression demonstrates its potential use as a first line
biomarker detection method. Comparison of cell culture
data with upstream In situ and xenograft data will allow us to
assess model validity and the effects of tumor
microenvironment, which will help us interpret human in situ
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Abstract: Results:

Cancer Is the second leading cause of deaths in the United States. Current treatments

ead 1o long-term survival in about two-thirds of people with cancer. but with || Figure 1: Molecular Model of SOX9 bound to DNA Figure 2: Screen of Selected Compounds in Cancer Cells Figure 3 Non-Malignhant Cell vs. Selected Compounds

Increasing incidence rates for some cancers and an aging population the need for
Improved therapies remains. To maximize effectiveness while minimizing side effects,
It is preferable to target molecules that are both specifically overexpressed in cancer
cells and critical for cancer cell survival. The SOX9 transcription factor performs
Important functions during embryogenesis, but is rarely expressed in adult cells. Recent
findings indicate that SOX9 expression is reactivated in many cancers and SOX9 has
emerged as a master regulator of cancer stem cells (a subset of aggressive cancer cells
that mediate recurrence and metastasis). Thus, small molecule inhibitors of SOX9 are
exciting prospects as anticancer drugs. The purpose of this project was to evaluate
compounds that had been identified as candidate SOX9 inhibitors by a virtual

MDA-MB-231 72 Hour Treatment with Plate B Compounds MCF-10a 72 Hour Treatment with Plate B Compounds

140 140

- 2 o e
100 X \ 100 - -"—'_'_E'""

; ; . . . . En 80 Eﬂl &0 — )5
screening approach. Following computational screening of 2.1 million compounds for = —bD= =
their binding to defined sites within a homology model of SOX9, a total of 182 g o ; - e A
compounds were selected for analysis. Their effects on the proliferation of SOX9- i —F R
expressing cancer cells were determined using a colorimetric assay. Initial cell-based —r

. . - - . .y . 40 — 4, C)
screening identified 10 compounds for further analysis and additional experiments 40

were performed to assess cancer-selectivity and chemical stability. This allowed us to
Identify two compounds that show the most promising activity and selectivity for
malignant vs. non-malignant cells. Supported in part by grant R25-CA-134283.

w0t Treated
Mot Treated
ﬂ ﬂ | | | | | | |
I t d t' - 0 0.625 1.25 25 5 10 20 40 0 0.625 1.25 2.5 5 10 20
n rO UC Ion - Figure 1: A SOX9 homology model constructed from the HMG Conc {(uM) Conc (uM)

. - , . . o -
<% Current treatments options for cancer include chemotherapies, targeted therapies,, V[\)/:;Iﬁ‘ ggig;g ucl?rr]r;]algr?rl:]eSC()S)é ﬁio(gizng)e;;?nfljré ir\:\?oggilﬁolfgrsr:gl\?,s Figure 2-3: MTT Assay: MDA-MB-231 breast adenocarg:inom_a_ cells were f_irst treated with 182 compoupds to screen the effect of compounds as a pr_eliminary screening for_ potential promising _SOX9 Inhibitor. Nine
radiation, and/or surgery. These treatments have contributed to a 68% survival rate in all generated using proto_thresh 0.18 and proto_bloat 0, shown ir; compounds werg selected for further s_tudy_ based on their actlyity and stability. Compqunds from each V|rt_ual screen of the protomols were separa}ted IN tv_vo plates: A & B, given the name accordingly follow_ed by the
vellow and blue, and “the SOX9 model were then ,used with designated well number of compound given in the two 96 well plates. Four of the chosen nine compounds were in Plate A: A9, E1, F9, & G3; the other five were in Plate B: A4, A9, C1, D3, & F4. For follow up analysis of dose-

’ dependent antiproliferative activity, MDA-MB-231 cells were plated 24 hour prior to treatment with different concentration of inhibitor for 72 hours. The results suggests there is little or no activity of compound D3 and A4
at lower concentration but with increase concentration (7.5 uM-10 uM) there was a 50-100% change in cell viability. Compounds F4, C1, & A9 show that there was a significant change is cell viability causing majority cells
died at low concentrations (F4 Compound = 625nm, C1 Compound = 2.5uM, A9 Compound = 5uM). Using the same experimental protocol. we tested selected compounds against non-malignant cells with low expression of
SOX9 (Hs27 and MCF10a), cancer cells with moderate SOX9 levels (SW480) and cancer cells with high expression of SOX9 (MDA231 and SW620). These results suggest that compounds B-F4 and B-A9 could be potential

SOX9 inhibitors.
*» SOX9 is a transcription factor characterized by the high mobility group (HMG)

DNA-binding d ] di ber of the SRY (sex determini ionY I . I _ I " : . - _ : : - =
Superfar;‘”yf_‘g omain and is a member of the SRY (sex determining region Y) gene Figure 4: Malignant vs. Non-Malignant Comparison of Compound A9 Figure 5: Malighant vs. Non-Malignant Comparison of Compound F4 COﬂClUSIOn.

containing 2,100,000 compounds. The top 96 compounds from each
virtual screen for both protomols were purchased for further
screen in vitro

¢ To maximize effectiveness and specificity, new drug development is highly
concentrated on targets whose expression is linked to cancer progression.

X S_OX9 has various critical functions during e_mbryogenesis su_ch as sex determingtion, Relative cell gruwth at 5 “M B-A9 REIEItiUE EE“ gruwth at 0.625 I.IM B-Fﬂ- Of 182_COI_’T1|_I)OUﬂdS Identified as pOte_ni“aI
cartilage, skeleton and organ development, but is not expressed in most adult cells 2. y SOX9 IﬂhlbltOI’S, the two most promising
%+ Recently SOX9 has been implicated as a proto-oncogene in many cancers with roles | 14 Compounds from the prel iminary screening
in tumor development through cell cycle regulatory mechanisms 2. 17 - . - and analysis are B-A9 & B-FA4. Both of these
% Thus finding key inhibitors to SOX9 transcription factor would reduce the tumor ~ compounds show SpECifiC antiprol Iferative
. : ! . 1 _
progression which can serve as a potential drug therapy in the future. 1 effects on SOX9-expreSS|ng cancer cells at
08 - relatively low concentrations, whreas they
3 E T have little or no effect on non-cancerous
5°° S 06 | cells. These compounds have also been
3 04 “;3 04 found to be very stable at room temperature.
g 5 Structures of the compounds are not shown
& o
g 07 02 here because they have not yet been
- T -
0 — —— 5 — protected by a patent filing.
MCFLO0A 527 MDA-MB-251 SWasd Eamcanm MCF10A H527 MDA-MB-231 SW4E0 SWE20
-0.2 0.2
Non-malignant Non-malignant skin Breast Cancer Colon Cancer Colon Cancer Non-malignant Non-malignant skin Breast Cancer Colon Cancer Colon Cancer - - _
04 breast epithelia fibroblasts 04 breast epithelia fibroblasts F Utu re D I re Ctl O n S _
E/:guAr?\fézl\ngT Assay: Compound B-A9 (5SuM) shows specific antiproliferative activity against malignant cells, Figure 5: MTT Assay: Compound B-F4 at 0.625 (uM) shows specific antiproliferative activity against malignant Future studies will attempt to demonstrate that
\- (breast cancer), SW-480, & SW-620 (colon cancer), whereas there was little or no effect on non- cells, MDA-MB231 (breast cancer), SW-620 and SW 480 (colon cancer), whereas as there is no or little effect on non- . e
maglinant cells, Hs27 (skin fibroblast) and MCF10A (breast epithelial). malignant cells, HS27 (skin fibroblast) and MCF10A (breast epithelial). these Compounds work by dII’ECﬂy |nh|b|t|ng

Using the high mobility group (HMG) DNA-binding domain of SOX17, a
homology model of SOX9 was created, shown in the picture above. The DNA A k I d m =
binding region of the SOX9 model was then targeted in two sections due to the C n OW e g e ntS =

extended DNA contact area, generating two protomols, or complementary

_ SOX9. Techniques include: SOX9-driven
Refe Frences. luciferase reporter assay, electrophoretic

1. Chakravarty G, Moroz K, Makridakis NM, Lloyd SA, Galvez SE, Canavello PR, Lacey 3.Jiang SS, Fang WT, Hou YH, Huang SF, Yen BL, Chang JL, et al. Upregulation of SOX( in lung m0b| I |ty Sh |ft a.ssay (E MSA),

theoretical Iigands. These protomols with the SOX9 homology model were used ResearCh Supported by gl’ant from R25'CA'134283 from The Natlonal Cancer MR,AgraV\_/aI K, Mondal D: Prognostic significance (_)f cytoplasmic SOX9 in invasive adenocarcinoma and its involvement in the regulation of cell growth and tumorigenicity. Clin ImmunOhIStOChemIStr and WeStern bIOtS
. as configurations to screen for 2L matChing compounds within the 2012 InStitUte (NCI) Cancer Education ngram, the UniVerSity Of I—OUiSVi I Ie SChOOI Of 2. gtﬁﬂwéﬁsﬁ?‘?ﬂsﬁﬁggT—Ie:tasit:tg(r:webfsz‘fyﬁ?igiﬁIE;Beifelsl\fﬁs:gtli\l/iégfféti-g-?glated :agglzrsii;r?l:;’%lgluﬁe,s:;ngg, C. K.; Kolatkar, P. R. Journal of molecular biology 2009, 388, 6109. y’ .
Morplex Library . Medicine . & the James Graham Brown Cancer Center Transcriptional Complex. Acta Med. Okayama 2010, Vol 64 #6 pp 351-357 5. Suite 2012: Prime, version 3.1, Schrodinger, LLC, New York, N, 2012.
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The Anti-glycolytic Small Molecule Inhibitor PFK158 Cooperates with
Temozolomide to Induce Cell Death iIn Melanoma Cells

Adam Morrisont?, Julie O’Neal, Jason Chesney?3
Departments of Surgery?!, Biochemistry4, and Department of Medicine?

NTRODUCTION University of Louisville School of Medicine

From 1979 to 2009 there has been an 800 percent RESU LTS |\/| ETHODS

Increase in melanoma among young women and a 400 percent
Increase among young men. It is estimated that 45,060 new |
cases of invasive melanoma in men and 31,630 in women will be g vovmdy 1 arrsmiarv—phud

_ _ _ _ _ nnexm_V and I_Dr.opldlum _ _ :
d:i\glnqsed In the US In 2(|)13. Temozrg)lomlde ( MZ?c IS aln ) lodide Staining y Cell Culture- A375 cells were cultivated in DMEM with
alkylating agent commonly used In t_ e treatment o melanoma. & » & 10% FBS and gentamicin.
Response rates to TMZ for metastatic melanoma remain poor,

suggesting the need for alternative therapies. The mechanism
that imparts TMZ with its therapeutic activity is its ability to Treatment- Cells were grown 2,000 cells/well were

methylate or alkylate DNA, which triggers apoptotic cell death. o T rrrs S SR plated the following day and were treated with TMZ for 5
Glutathione (GSH) is involved in prevention and repair of DNA 5 2 days. PFK158 was then added and the cells allowed to
damage. Since we believe that the 6-phospho-2-kinase 10,000 Eliswel TMZ added PFK 158 added incubate for an additional day.

(PFK158) inhibitor decreases GSH, we hypothesized that the blaie
addition of PFK158 to cells treated with TMZ would increase | Joscurine Goll Death. Calle e tyosinsed an

cellular _sen5|t|V|ty to TMZ. Additionally, since melan_oma cells are Figure2. 2,000 A375 melanoma cells were plated. The cells were treated with TMZ 24 hours later. The cells were collected in FACS tubes. Propidium lodine and Annexin
glycolytic, effects of PFK158 may also cooperate with TMZ to allowed to incubate for 5 days to allow TMZ to be converted from a pro-drug to its active form. PFK 158 was V were added and incubated for 15 minutes. The cells

promote cell death. PFK158 and TMZ were used in combination then added for 24 hours and cells collected for flow cytometry
on the A375 melanoma cell line. The efficacy of the combination were analyzed by flow cytometer. 10,000 events were

therapy was evaluated using flow cytometry to assess the death recorded on each sample. Dead cells (Pl) and pre-
of the melanoma cells. apoptotic cells (Annexin V) were stained by probes

allowing the counts to be made.

CONCLUSION

Venhicle PFK158 TMZ/PFK158
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IR d The addition of PFK158 to Temozolomide
|l 1 s treated cells produces more cell death via
|| s apoptosis than TMZ or PFK 158 alone.
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* High glycolytic flux in the presence of oxygen is a
common feature of neoplastic cells including Annexin V Annexin V Annexin V | | |
JdFuture experiments will address the mechanism

melanoma .
o ' Al ' Figure 3A. Flow cytometry data showing cells treated with Vehicle, TMZ, PFK 158, and the combination of PFK of additive cell death.
PFK 158 Is a small molecule inhibitor of glycolysis. Tea o T

‘Preliminary data
suggests that PFK158 _
decreases glutathione et I e

| > &
and Increases reactive [

> DHAP

PFK158
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Sinusoidal endothelial cell-derived extracellular matrix regulates basal and stimulated macrophage activation

OF Lauren G. Poole, Jenny D. Jokinen, Veronica L. Massey, Juliane I. Beier, and Gavin E. Arteel

Department of Pharmacology and Toxicology, University of Louisville Alcohol Research Center, University of Louisville HSC, Louisville, KY.

ABSTRACT CAE Fibrin

Background. Fatty liver disease, be it from alcohol (ALD), obesity (NAFLD) or other sources
(e.g. viral infection), involves chronic inflammation, although the mechanism(s) are incompletely
understood. One potential mechanism contributing to chronic hepatic inflammation is crosstalk
between the extracellular matrix (ECM) of hepatic sinusoidal endothelial cells (SEC) and resident
macrophages. Here, this hypothesis was tested in vitro using cultured SECs and macrophages.
Methods. Transformed hepatic sinusoidal endothelial cells (TSECs) were cultured for 72 hours.
Culture plates were then washed with a solution that selectively removed the cells, but preserved
the ECM. Cultured macrophages (RAW 264.7 cells) were seeded on the matrix and cultured for
24 hours; then stimulated with LPS for O, 3, 6, 12, or 24 hours (10 or 100 ng/mL). Real time
RT-PCR was used to measure mRNA expression of proinflammatory (IL-6, IL-1p, TNF-a, and Harvest
INOS) and anti-inflammatory mediators (IL-10 and TGF-B). Results. LPS stimulated production i O s, D T

of all mediators by macrophages. With 100 ng/mL LPS, the expression of IL-6, IL-1p, and IL- g LAY - | B NO ECM + LPS+ RGDfV
10 was attenuated by TSEC ECM, whereas expression of TNF-a, INOS, and TGF-p increased. e ket 8 R B ECM + LPS + RGDfV
Interestingly, the effect of TSEC ECM on the response lower dose LPS (10 ng/ml) tended to be ) o AR R e e y

opposite to that observed with the higher dose. Experiments with the integrin inhibitor,
CycloRGDfV, indicated that some effects may be mediated via TSEC ECM binding to integrin
receptors. Conclusions. These data serve as first proof-of-concept that macrophage activation
can be modulated by TSEC-derived ECM and identifies a new interaction between these cells
that may contribute to inflammatory liver disease.
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RAW 264.7 mRNA Expression

Fatty liver disease, including both ALD and NAFLD, affects more than 30 million people in the . RS TSR S —— o . 5 _
United States (1). The diseases include a spectrum of disease states, from simple steatosis, to 0 5 10 15 20 25 5 10 15 20 25 Effect of (I??(?f\ilon e>§preSS|on
active inflammation, to advanced fibrosis and cirrhosis (2), but mechanisms of progression are . o - S old change
unclear. Importantly, cirrhosis is by far the learning cause of hepatocellular car'cilra\orr?a (Hcc), an| Figure 1: Fibrin deposition correlates with liver damage and Hours after LPS Hours after LPS
almost universally fatal cancer. Here, it is proposed that subtle changes in the hepatic ECM, |  neufrophil infiltration.” Data are from Beier et al.” (2009) Figure 3: Effect of CycloRGDfV on inflammatory mediator production by RAW 264.7 cells
either in protein composition or amount, caused by a first “hit” can sensitize the liver to a Representative photomicrographs depicting hematoxyln:u 4 Figure 2: TSEC-derived ECM attenuates expression of LPS induced expression of all mediators. In the in the presence or absence of TSEC-derived ECM. Cells were treated with LPS (100
second inflammatory insult. eosin (H&E: left column), .chlor'ace'rate-es'rer-ase staining proinflammatory cytokines by RAW 264.7 cells. RAW 264.7 absence of TSEC-derived ECM, cytokine expression ng/mL) + CycloRGDfV (10 yM) in the presence or absence of TSEC-derived ECM as
(CAE. center column), and immunofluorescent detection of macrophages and TSECs were cultured and tfreated as peaked at 6 hours for IL-6 and IL-1p and at 3 described in Materials and Methods. Data are means + SEM and are expressed as fold
Previous studies from this group have shown that ECM remodeling, specifically accumulation of |  hepafic fibrin (right column) 24 h after LPS are shown. described in Materials and Methods. Macrophages were hours for TNF-a. The same peaks occurred in the change from LPS alone + TSEC-derived ECM.
the ECM protein fibrin, plays a critical role in the early development of experimental models of , , , cultured on TSEC-derived ECM or in control wells. Cells presence of TSEC-derived ECM with the exception
both ALD and NAFLD (3, 4). Furthermore, liver injury and inflammation were dramatically LPS alone caused no gross morphological changes in the liver, were treated with 100 ng/mL LPS and harvested at O, 3, if IL-1p expression, which occurred at 3 hours. At CycloRGDfV, in the absence of ECM, decreased expression of IL-1 and IL-10, but
blunted by blocking fibrin deposition in these models (3). Taken together, the results of these but increased the number of infiltrating neutrophils and 6, 12, and 24 hours. Real-time RT-PCR was used to 6 hours, the presence of TSEC-derived ECM increased expression of IL-1p, iINOS, TNF-a, and TGF-p. In the presence of TSEC-
studies suggest that hepatotoxins may cause an altered ECM profile in the area of the sinusoids| fibrin deposition compared to controls. The combination of determine mRNA expression of inflammatory mediators IL- attenuated expression of IL-6 and IL-1p, but derived ECM, CycloRGDfV decreased expression of IL-6, IL-1p, and IL-10, but
and that this altered ECM may be pro-inflammatory. Therefore, the current study was designed| LPS and ethanol  caused macroscopically defectable 6, IL-1p, TNF-a. Data are means + SEM and are enhanced TNF-a expression. enhanced iINOS, TNF-a, and TGF-p expression.
to further explore the mechanisms underlying pro-inflammatory effects of altered ECM in the| nhecroinflammatory foci indicative of liver damage. Ethanol expressed as fold of control.
liver. pre-exposure enhanced the effects of LPS on both neutrophil SUMMARY
infiltration and fibrin deposition. At 6 hours, m h sponse to 100 ng/mL LPS in the presence of TSEC-derived ECM was
. . . ° ours, macropnage response 10 =
This study focused on the r'ole. of two nPn-parenchymal hepatic cells that may medl.a‘l'e ‘1'he attenuated in 'rer'mps h? IL-6|,D IL-1p, and IE-IO expression,pwher'eas iINOS. TNF-a, and TGF-p
effects of ECM on inflammation: sinusoidal endothelial cells and Kupffer cells. Sinusoidal . I A 1., . fl + expression was enhanced.
: ; S : ver. T _ _
i) ol e e g s e Ecl fe e e b T Pro-inflammatory Hi-INFIGMMGTORY L 2 e e o e i ey e s
hypothesis has never been tested. Kupffer cells, the resident macrophages of the liver, are also « The effect of CycloRGDfV suggests that some of these effects may be mediated by integrin
well-known to play a key role in liver injury and inflammation through the release of pro- 8000 2.0 interactions.
inflammatory cytokines, such as TNF-a (5). In living systems, SECs and Kupffer cells are goooo | 1-°0 IL-1B TGF-P - Macrophage activation can be modulated by ECM produced by TSECs.
constantly interacting and communicating, possibly via integrin interaction (6). Therefore, it is TSEC . Interaction between SECs and macrobhages may contribute to inflammatory liver disease
hypothesized that SEC-derived matrices directly affect the inflammatory response of = S 60000 - 00 - . pnag Y Y ‘
macrophages. This study will further understanding of the role of SEC-derived matrices and the @
effect of these matrices on hepatic macrophage response, which could potentially lead to new S5 40000 1
therapies. g £
ECM ES
=
&

(Sigma) with 5% fetal bovine serum (FBS), 1% antibiotic/antimycotic, and endothelial cell grown 0.0 T IL-1p 1 IL-10
supplement (Sciencell) and incubated in a humidified 5% CO, incubator at 37 °C. Cells were l s00 | INOS I TNF-a TNF-a

20000 - 4000 A 10 - 100 ng/ mL LP 5 10 ng/ mL LPS
H 1 IL-6 | TGF-p | IL-6 1 TGF-p
3000 - 11 IL-1p + IL-10 T IL-1p 1 IL-10
2000 - LPS -_— —> 7 TNF-a 1 TNF-a
Cell culture: Transformed sinusoidal endothelial cells (TSECs) were a generous gift from the 1000 ToF
laboratory of Dr. Vijay H. Shah (Mayo Clinic and Foundation). TSECs were maintained in DMEM LPS - %Rébfv 0 O ﬁ ﬂ:-?ﬁ I IL- 1-(;5 11 IL-6 TGF-p

IL-10
passaged at confluency every 3-4 days using a solution of 0.05% trypsin with EDTA and split by TNF-o I iNOS | iINOS
adding 100 pL of the trypsinized monolayer to 10 mL of media. RAW 264.7 cells (ATCC) were
maintained in DMEM (Sigma) with 5% FBS and 1% antibiotic/antimycotic and incubated in a
humidified 5% CO, incubator at 37 °C. Cells were passaged every 3-4 days by gently scraping °

the side of the culture flask using a cell scraper (no trypsin) and split by adding 1 mL detached CY*OklneS
cells to 9 mL of media.

Treatment of cells: (Scheme 1) TSECs (passage 5-6) were seeded on a 12-well plate (Nunc) at
a density of 50,000 cells per well in 1.0 mL of media. To control for the effect of TSEC-
derived ECM, some wells (control wells) were treated in parallel, but devoid of cells. Cells were

incubated for 72 h. then were washed and treated with a solution containing 0.25 M ammonium| scheme 1: TSECs were seeded on a 12-well

600 10
8
6
s
200 H
hydroxide and 1 mM EDTA to selectively remove the cells and preserve the ECM. After three plate and incubated for 72 hours. After .
washes, the ECM produced by the TSECs was used as a substratum for culturing RAW 264.7| i cubation TSECs were washed and treated
cells (7,8). RAW 264.7 cells (passage 4-14) were seeded at a density of 150,000 cells per well to selec'ri\'/ely remove the cells and preserve . I -

12 A

TSEC ECM

150 H

11l IL-6 1 TGF-p
++ IL-1p | IL-10
—> 11 TNF-a

LPS __,

CycloRGDfV

| 1 iNOS
1l IL-6 | TGF-p
LES —_ —> 1 IL-1p | IL-10
>0 1\ : 1 TNF-a
CycloRGDfV S 11 iINOS
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0

in 1.0 mL of media on the preserved TSEC ECM or in control wells and incubated for 24 hours.| the ECM. The extracellular matrix deposited _ .10 100 100 ) _ ] .10 100 100
Then, cells were exposed to LPS (100 ng/mL) + CycloRGDfV (10 yM) for an additional 3, 6, 12,| py the TSECs was used as a subst tP f LPS (ng/mL) 10 1010 100 100 10 1. American Liver Foundation. Liver Awareness Month 2010. 2010. o

. . . . . .- . Y e was used as a su ratum tor ECM = + - + - + - + - + - + - + - + - + 2. Day CP. Non-alcoholic fatty liver disease: current concepts and management strategies. Clin Med 2006 Jan;6(1):19-25.
or 24 hour incubation per'lod. Upon termination, supernatan‘l' was removed and stabilized with 10 the RAW 264.7 cells which were incubated 3. Beier JI, Luyendyk JP, Guo L, von Montfort C, Staunton DE, Arteel GE. Fibrin accumulation plays a critical role in the
[.IL aproTinin (1 mg/ H'\L) and stored at -80 °C for further ClﬂCllYSiS. 0.25 mL RNA STAT was for 24 hours. Then. cells were treated with Fi 3. Effect of TSEC-derived ECM ducti £ A+ 10 /mL LPS.  th f TSEC-derived ECM i d sensitization to lipopolysaccharide-induced liver injury caused by ethanol in mice. Hepatology 2009 Jan 23:49(5):1545-

: : - ‘ : - n n - 1553.
added. to eqch well 1o |YS€ the cells and to prepare the Iysa1'e for RNA isolation. LPS (10 or 100 ng/ H'\L) * CYC|ORGDfV (10 lglir'efl .reC ° toki er;ve RAW 0264pr'70 te ;f O -ng I’I’\f infl . 61- preseng-e 1.0 IL-6 el‘;llveIL-l dlncr'eased 4. Tan M, Schmidt RH, Beier JI, Watson WH, Zhong H, States JC, et al. Chronic subhepatotoxic exposure to arsenic
RNA isolation and real time RT-PCR: Total RNA was extracted from RAW 264.7 cells by a| ;M) for an additional 24 hour incubation prO=lltelnluelitls,  Gardsin=s By el Ik Zpllastey W yUetnpEifelyy Luiseleifele e p. decrease enhances hepatic injury caused by high fat diet in mice. Toxicol Appl Pharmacol 2011 Dec 15;257(3):356-364.
guanidnium thiocyanate-based method (RNA STAT 60 Tel-Test, Ambion, Austin, TX). RNA period dependent on LPS dosage. TSECs and RAW 264.7 cells expression of iINOS, and had no effect on TNF-a expression. At 100 5. Arteel GE. Oxidants and antioxidants in alcohol-induced liver disease. Gastroenterology 2003 Mar;124(3):778-790.
concentrations were determined spectrophotometrically and 1 ug total RNA was reverse ' were cultured and Treg’red as described in Materials and ng/mL LPS, 'rhfa presence of TSEF-derlved ECM decreased.IL-6 aqd g: “a“ffiﬁydf'R?Efﬁt'hii‘rAfé‘f""aﬁ'ﬁ?EAX‘T’"SES,JLV";-F. 'rx;::‘e»;-lair‘:%fr‘&'nc :I:\zs;:g:gyefﬁnzﬁ;cle;8'-‘ats .
transcribed using a kit (Quanta Biosciences, Gaithersburg, MD). Real time PCR was performed Affefhads for 6 hours with O, 10, or 100 ng/mL LPS. .Real- ;L-lb expression .and increased |NO$.and TNF-a expression. Anti- enriched extracellular matrix that promotes monocyte activation. Alcohol 2007 Aug;41(5):317-324.
using the ABI StepOne Plus Software and PerfeCta gPCR FastMix (Quanta Biosciences, frlme RT-PCR was.used to determine .mRNA expression of mflgmma’rory mediator TGF-p expression was unaffecTed by T§EC- S{;if?\:m‘ﬁls.SEAmL?rePr\./ycsfiofAfggzerfe-gvil,!?;ncf(z(;{LgngEEZQE' Synthesis of fibronectin and laminin by type II pulmonary
Gaithersburg, MD). The comparative CT method was used to determine fold changes in mRNA inflammatory mediators IL-6,IL-1p, iINOS, TNF-a, TGF- derived ECM at 10 ng/mL LPS, while IL-10 expression as s.llgh‘l'ly
expression compared to control. b, and IL-10. Data are means + SEM and are expressed enhanced. At 100 ng/mL LPS, TGF-p expression increased in the :
as fold of control. presence of TSEC-derived ECM, while IL-10 expression decreased. | Grant support: R25- CA-134283 (NCI) is gratefully acknowledged




