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COMPREHENSIVE CHARACTERIZATION OF CACHEXIA IN THE KPC GENETICALLY 
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Pancreatic ductal adenocarcinoma (PDAC) is among the most lethal of malignancies. Patients with PDAC have 
the highest risk of developing cachexia, or loss of fat and muscle, with associated fatigue and dysmobility. 
Therapeutics designed to prevent or slow cachexia have the potential to improve quality of life and survival for 
this devastating disease. Activin is elevated in the circulation of patients with PDAC cachexia. Inhibition of 
Activin receptor signaling has been trialed for cachexia in patients with pancreatic cancer, with unclear benefit. 
Herein, we examined a related strategy using ACVR2B/Fc, a soluble receptor-chimera trap for Activins and 
related proteins, to prevent loss of skeletal muscle mass in the genetically engineered mouse model of PDAC, 
KPC (LSL-KrasG12D;LSL-Trp53R172H;Pdx1-Cre). KPC mice have been widely used to examine molecular 
pathways and test cancer therapies but as yet has not been comprehensively characterized for cachexia over the 
course of spontaneous tumor initiation and growth. Here we generated KPC mice versus genotype controls and 
monitored tumor formation and changes in body weight (BW) and EchoMRI-assessed body composition up to 
30 weeks of age. PDAC tumor development in KPC mice had a median latency of 18 weeks of age. We 
observed that KPC mice ceased BW gain at approximately 17 weeks of age followed by a progressive BW 
decline, while the controls steadily gained BW, leading overall to a maximum BW loss of 44% in KPC by 30 
weeks. KPC mice also demonstrated reduced fat and carcass mass. In contrast to other organs, spleen weight 
increased in KPC mice. Although patients with PDAC exhibit diabetes, random blood glucose over a period of 
22 weeks was not increased in KPC mice, and, in fact, tended to be lower than in controls. This suggests that 
PDAC may not induce wasting through diabetic mechanisms or that glucose metabolism might be intact in 
PDAC cachexia. ACVR2B/Fc treatment prevented weight loss, muscle loss and reduced fat wasting, but also 
further enlarged the spleen, although tumor growth was not significantly inhibited by ACVR2B/Fc. Activation 
of known catabolic signals including FOXO1, SMAD3, STAT3 were observed in KPC muscle as well as their 
downstream markers of protein catabolism, including activation of the ubiquitin-proteosome pathway, 
inhibition of translation, and activation of autophagy. Most of these were reduced by ACVR2B/Fc. Finally, 
RNA-sequencing of the skeletal muscle from KPC mice euthanized at early or late cachexia, with and without 
ACVR1B/Fc-treatment, revealed many differentially expressed genes in KPC vs matched controls. Further 
analysis is underway. In summary, the KPC model recapitulates many of the phenotypic and genotypic features 
of the human cancer cachexia and could be used to identify cancer cachexia-targeting therapies. The model 
could be particularly useful for experiments intended to prevent early cancer cachexia.
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��������	
���������������������������������������������������������������������������������������������������������������������������������������������������� !"#$%�&'�()%�*�! +,�!��'--.�/'#0 1%�20"33".�� 0!#%�4'� �'���!�+���5�6789:;<�=>8�6?<7:@<;A�B7>7C9:DE�6789:9>7E�F>89;>;E�F>89;>;G?<9DE�FHI��'3J�C;KL?>7DM9@N78@O"��� -�P�!P"���"P)��"!P"�QORST�'#� !"� -�U0"�� #U�1�"V�3"!U%�1"�#'#U"!U%��!W�W'#�)1U'V"�# )�P"#� -�W'#U�"##�- ��W)3U�P�!P"��#)�V'V �#X�Y-U"��P �13"U'!Z�U�"�U�"!U%�[[\]̂_� -�#)�V'V �#�P !U'!)"�U ��"1 �U�P3'!'P�33.#'Z!'-'P�!U�ORS�,"33�'!U �W'#"�#"\-�""�#)�V'V �#0'1X�ORS�'#��## P'�U"W�,'U0���3�W�1U'V"�P 1'!Z��!W��"W)P"W)̀�3'U.� -�3'-"X�a"#1'U"�b"'!Z�U0"�� #U�-�"̀)"!U3.�'W"!U'-'"W�)!�"U�#)11 �U'V"�P��"�!""W��"1 �U"W�b.�#)�V'V �#%-",�"�1'�'P�33.�#)11 �U"W�U�"�U�"!U#�"c'#U�- ��ORSX��"3 �"�"#�"c'#U� !�U0"�"!W#� -�P0� � # �"#�U �1� U"PU�!W���'!U�'!�U0"'��-)!PU' !X�dU�0�#�b""!�#0 ,!���#U� !Z�3'!+�b"U,""!�3'-"�#U�"##��!W�U"3 �"�"�#0 �U"!'!Z�0�#b""!�W��,!�U0�U�'�13'P�U"#U0"�1#.P0 3 Z'P�3�"--"PU� !�� 3"P)3���P0�!Z"#�'!�U0"�b W.X�YWW'U' !�33.%�'U P0 !W�'�3�aeY�Q�UaeYT%�3 P�U"W�P3 #"�U �U0"�# )�P"� -��"�PU'V"� c'W�U'V"�#U�"##�1� W)PU' !%�'#�"cU�"�"3.#)#P"1U'b3"�U � c'W�U'V"�#U�"##��!W��Z'!ZX��0"�"- �"%�,"�0.1 U0"#'f"W�U0�U�U"3 �"�"�3"!ZU0#��!W��UaeY�P 1.!)�b"��3"V"3#�P )3W�b"��3U"�"W�b"U,""!�W'--"�"!U�1#.P0 3 Z'P�3�'!U"�V"!U' !#X�� ��WW�"##�U0'#�0.1 U0"#'#%�,"13�P"W�b�"�#U�P�!P"��#)�V'V �#�'!U �U0�""�'!U"�V"!U' !�U0"��1.�Z� )1#��!W�U"3 �"�"�3"!ZU0#��#�,"33��#��UaeYP 1.�!)�b"��3"V"3#�,"�"��"�#)�"W�)#'!Z�U0"'��,0'U"�b3  W�P"33#��U�U0"�- 33 ,'!Z�U'�"�1 '!U#J�b�#"3'!"�Q�$T%1 #U�'!U"�V"!U' !�Q�gT%�$�� !U0�- 33 ,�)1�Q�hT%��!W�̂�� !U0�- 33 ,�)1�Q�[TX�� U�3�#"V"!U.�#'c�b�"�#U�P�!P"�#)�V'V �#�,"�"�#13'U�'!U �U0"�- 33 ,'!Z�Z� )1#J�YPP"1U�!P"��!W�R ��'U�"!U��0"��1.�QYR�T%�2)�V'V �#0'1IW)P�U' !�Q2IT�'!U"�V"!U' !%��!W�I!0�!P"W�i#)�3�R��"�QIiRTX��0"�YR���!W�2I�'!U"�V"!U' !#�,"�"�W"3'V"�"W'!���Z� )1�- ���U�g�0 )�#�,""+3.�- ��̂�,""+#X�IiR�,�#�3��Z"3.�#"3-\�W�'!'#U"�"W�,'U0���1�P+"U� -��"�W'!Z#� !P 1'!Z�,'U0�ORS��!W� U0"��P �� !�# )�P"#� -�W'#U�"##�W)�'!Z�1 #U\U�"�U�"!U�#)�V'V �#0'1X��0"�1�"3'�'!��.�"#)3U#�'!W'P�U"�U0�U�U0"�YR��U0"��1.���.�0�V"���1 #'U'V"�'�1�PU� !��U"3 �"�"�3"!ZU0#��!W��UaeY�P 1.!)�b"��3"V"3#X�("���"�P)��"!U3.��!�3.f'!Z�U0"�W�U��b.��Wj)#U'!Z�,'U0�#"V"��3�V��'�b3"#�'!P3)W'!Z��Z"%�/kd%#U�Z"� -�b�"�#U�P�!P"�%��!W�U'�"�#'!P"�W'�Z! #'#X�("�,'33�W'#P)##�U0"�W�U��- ��W"U�'3#�'!�U0"�1 #U"�Xlmnopqrsot����������usovwoxm�yxwvmzx



��������		���
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ROLE OF TET2 IN MAMMARY STEM CELL FATE DECISION

Mi Ran Kim1, Meng-Ju Wu1, Chun-Ju Chang1
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Epigenetic mechanisms, including DNA methylation, plays an important role in
regulation of stem cell fate and tumorigenesis. The Ten-Eleven-Translocation
(TET) 2 is a core enzyme for DNA demethylation by catalyzing the conversion of
5-methylcytosine (5mC) to 5-hydormethylcytosine (5hmC). It has been shown
that TET2 is a main regulator of hematopoietic stem cell homeostasis and loss of
TET2 closely associated with hematopoietic malignancies. Interestingly, our
recent study has revealed that TET2 directs the breast cancer stem cell like
population cell fate to the differentiated cells in vitro. Since aberrant stem cell fate
is often promotes tumorigenesis, defining the role of a key epigenetic regulator,
such as TET2, which governs the mammary stem cell (MaSC) fate will provide
the novel mechanism of MaSC fate decision as well as new strategies for breast
cancer treatment. Thus, mammary gland specific Tet2 knock-out mouse model

(MMTV-Cre;Tet2 fl/fl) is used to determine the physiological and pathological roles
of TET2 in the regulation of MaSC fate and mammary gland development. Our
data show that deletion of Tet2 in mouse mammary gland leads to disrupted
mammary epithelial morphology, defective lobular alveolar development, along
with aberrant mammary stem cell fate decision, contributing to an expansion of
the MaSC population and abnormal development of mammary gland. In
conclusion, the data demonstrates that TET2 plays an important role in
controlling MaSC fate to maintain the mammary epithelium homeostasis, and loss
of TET2 may promote mammary malignancies.
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PROTEOMIC ANALYSIS IDENTIFIES A LIPPIA ORIGANOIDES EXTRACT
TARGETS MITOCHONDRIAL METABOLISM IN TRIPLE-NEGATIVE BREAST

CANCER.

Vishak Raman1, Uma Aryal2,3, Victoria Hedrick2,3, Rodrigo Mohallem1, Jorge Fuentes4,5, Elena
Stashenko4,5, Morris Levy1, Maria Levy1, Ignacio Camarillo1,6
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Triple-negative breast cancer (TNBC) is an aggressive subtype with low 5-year survival rates,
high 3-year recurrence rates, and no known therapeutic targets. Recent studies indicated TNBCs
possess an altered metabolic state with higher rates of glycolysis, mitochondrial oxidative
phosphorylation (OXPHOS), and increased generation and utilization of tricarboxylic acid (TCA)
cycle intermediates. We utilized label-free quantitative proteomics to gain insight into the anti-
cancer mechanisms of a methanolic extract from the Central American plant Lippia origanoides
(L42) on MDA-MB-231 TNBC cells 1,2. L42 treatment dysregulated mitochondrial OXPHOS by
targeting Complex I of the electron transport chain and suppressed cellular metabolism by
targeting key TCA cycle enzymes and mitochondrial lipid and amino acid metabolic pathways 3.
Overall, our results reveal new compelling evidence that L42 triggers rapid irreversible apoptosis
in MDA-MB-231 cells by effectively ‘starving’ the cells of metabolites and ATP. We continue to
study the specific bioactive components of the extract in the search for novel, highly effective
mitochondrial inhibitors to selectively target TNBCs.
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NRP1:FGFR1 SIGNALING COMPLEX: A NEW APPROACH TO TREAT ERBBI-
RESISTANT BREAST CANCERS

Ammara Abdullah1,
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ABSTRACT

Background: Human epidermal growth factor receptor 2 (ErbB2)-amplified
Breast cancers (BC) initially response to treatment with ErbB2-targeted
antibodies and kinase inhibitors (collectively called as ErbB inhibition or ErbBi) at
a high rate, but ultimately develop an acquired resistance and metastatic
recurrence. Thus, there is a critical need to uncover metastatic events that drive
the failure of ErbBi therapy. We have recently performed a global gene
expression analysis of several ErbBi resistant cell lines. The preliminary data
demonstrate enhanced expression of fibroblast growth factor receptor (FGFR1)
and the axonal guidance molecules known as neuropilins (Nrp) during the EMT
event that is brought about upon acquisition of resistance to ErbBi. This gene
expression analysis together with mass spectroscopy data strongly suggest that
upon induction of EMT, FGFR1 forms a physical complex with β3 integrin and
Nrp1. We therefore seek to address the hypothesis that EMT-driven ErbBi
resistance is facilitated by an Nrp1:FGFR1 matrixsensing signaling complex. We
also aim to determine if genetic ablation or pharmacological disruption of this
complex can overcome metastatic resistance to ErbBi.

Methods and Results: Nrp1- blocking antibodies from Genetech and Nrp1-
ShRNA were used to deplete Nrp1 in D2A1 murine mammary tumor cell lines.
Nrp1 and FGFR1 were also overexpressed and depleted in Normal murine
mammary gland cells (NMuMG) cells. All these cells were evaluated for
downstream cell signaling, FGFR1:Nrp1: Integrin interactome and growth in 2D
and 3D culture. Some of the key findings from our study are: 1)The NRP1 protein
expression is elevated in resistant cell lines as compared to their non-resistant
counterparts 2) Co-immunoprecipitation assays shows that FGFR1 and Nrp1
form a physical complex that also contains b3 integrin and formation of this
ternary complex is dependent on the expression of Nrp1. 3) Depleting or
inhibiting NRP1 destabilizes FGFR1 basal levels. 4) Nrp1-depleted cells showed
decrease in growth in 2D and 3D culture and 5) Combination of FGFR1 inhibitor
and Nrp1 depletion has enhanced anti-growth effect on D2A1 cells. In conclusion,
our preliminary data identify Nrp1 and FGFR1 complex novel mediators of matrix-
associated ErbBi resistance.
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GFI1-SPHK1 AXIS MAINTAINS GROWTH AND SURVIVAL OF MYELOMA CELLS

Daniela Petrusca1, Patrick Mulcrone1, Evgeny Berdyshev2, Colin Crean1, Judith Anderson1, G.
David Roodman3
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Multiple myeloma (MM) is an incurable hematologic malignancy caused by the
accumulation of malignant plasma cells in the bone marrow featuring osteolytic lesions in
the majority of patients. We previously reported that Growth independent factor 1 (Gfi1)
upregulation in bone marrow stromal cells (BMSC) causes suppression of osteoblast
differentiation. Our recent findings show that Gfi1 is also increased in the majority of

CD138+ cells from MM patients and cell lines. We hypothesizes that adhesive
interactions between MM cells and BMSC stimulate survival and growth of MM cells in
part though Gfi1-SphK1 axis by modulating their sphingolipid profile (Cer/SPH/S1P ratio).

The effects of Gfi1 knock down (KD) on MM cell survival were assessed by transduction
with pLKO.1-puro lentivirus encoding Gfi1 or non-mammalian shRNA. The anti-apoptotic
effects of Gfi1 over-expression (o/e) were tested by transduction with pUC2 lentivirus
encoding Gfi1 or the empty vector (EV).

We found that SphK1 mRNA is highly expressed in CD138+ cells from MM patients and
cell lines compared with normal donors and that Gfi1 protein levels correlate with the
expression of active SphK1. Microenvironmental soluble factors (IL-6 and S1P), hypoxia
and adhesive interactions with BMSC further increased Gfi1 and SphK1 mRNA and
protein levels in MM cells.  KD of Gfi1 induced a profound decrease of SphK1 mRNA
levels and protein activity in MM cells that inhibited their growth and viability. Gfi1 o/e had
opposite effects on SphK1 levels and conferred a survival advantage to MM cells over
control cells. This was mirrored by increased intracellular S1P and decreased
sphingosine levels as measured by LC-MS/MS. A SphK1 specific inhibitor (SKI2)
profoundly reduced cell viability in MM cells regardless of p53 status. In p53 replete MM
cells, SphK1 inhibition significantly reduced c-Myc protein expression, induced
autophagy as shown by increased LC3 II protein levels and increased total ceramides
levels. Moreover, in a 3D model, BMSC protected p53 replete MM cells from the anti-
survival effects of SKI2. These data suggest that Gfi1 regulates MM growth in part via
enhancing the expression and the activity of SphK1.

Taken together, our results support that Gfi1 acts as a key regulator of MM growth and
survival at least partially through modulation of SphK1. Therefore, targeting Gfi1 may be
a novel therapeutic strategy for MM patients.
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