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ABSTRACT

Breast cancer is the second leading cause of deathited States. Using 2D-HPLE, a
novel separation technology, G-protein coupled pwreassociated sorting protein
1(GASP-1) was identified in sera of patients widttlg stage cancer, while it could not
be detected in sera from healthy individuals. ™M&s the first indication that GASP-1
was positively correlated with breast cancer. Havethe function of GASP-1 in breast
cancer was unknown. In this study, | verified tH2-l2PLE results by quantifying the
expression level of GASP-1 in sera and tissue spaws of cancer patients using
specific antibodies against GASP-1. A GASP-1 sjpe&LISA was developed and used
to quantify GASP-1 levels in cancer patient semanunohistochemistry was performed
to verify and localize GASP-1 expression in tumaalso characterized the tumorigenic
potential of GASP-1 andidentified the signalinghyedys mediated by GASP-1 in breast
cancer cellsn vitro.GASP-1 expression levelsin MDA-MB-231 cells weredified by
transfecting cells with anti-GASP-1 shRNA and oegpression plasmids. Stable cell
lines were prepared and their tumorigenic potemies evaluated using cell proliferation,
migration, and colony formation assays. These aedliee analyzed for markers used to
identify epithelial to mesenchymaltransition (EMui$ing RT-PCR and western blot.
They were also analyzed for NB activity, src phosphorylation, and GPR30
expression.The results showed that GASP-1 was ex@essed in sera and tissue
specimens of breast cancer patients and other c&yes including brain, lung, liver
and pancreatic cancer and that it correlated vattyestage disease. GASP-1 positively
regulated migration, and is required for cell geskation and colony formation. GASP-1

Is also necessary for the expression of EMT maskay, increases NdB activity and



GPR30 expression level, while decreases the immbghosphor-src Tyr 530. | conclude
that GASP-1 is anearly marker formultiple cancempes. GASP-1 promotes
tumorigenesis in breast cancer, possibly througHhtipher cancer related signaling
pathways. These findings may contribute to our wstdading of the mechanism of
breast cancer tumorigenesisandidentify new biomarkeat can be used for diagnosis

and therapy of cancer.
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW

1.1 Breast cancer

Breast cancer is the second leading cause of dafién lung cancer) in United States,
and many new cases are reported every year. Nhtitaracer Institute estimated the

deaths resulting from breast cancer in 2012 woalB®510 cases in females and 410

deaths in males.

New breast cancer cases by age in 2010
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Figure 1.Age distribution of breast cancer. Dataran
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According to the cancer center statistical repgrLéhigh Valley Health Network (2011),
breast cancer was the most prevalent cancer tréaed2002 to 2009, comparing to

colon cancer, prostate cancer, skin cancer, lumgeraetc. In 2010, newly identified

breast cancer cases in Lehigh Valley Health Netvamgounted for 13% of the total
newly diagnosed cases. Breast cancer mainly oaturmewomen. National Cancer
Institute estimates 226870 new cases forwomen &8@ 2ases for men in United States
in 2012.Breast cancer happened more in older pebateyounger people. Among cases
recorded in the National Cancer Database (NCDB fi®70 hospitals in 2010 (Figure

1), 95% happened above age 40. Only about 4% hedpgmiow age of 39.

National Cancer Institute divided breast cancegakge progression into 5 stages (Stage 0
— stage 4), according to the tumor size and careléinvasion level. Stage 0 described
non-invasive breast cancer, including ductal camrtiain situ. There were abnormal
cells in the wall of the breast duct, but thesdscgiid not invade into the nearby breast
tissue. Many doctors did not consider DCIS as breascer, but DCIS sometimes
developed into invasive breast cancer if left uaited. In stage 1, tumors grew into a size
of less than 2 cm in diameter, and cancer cellaubég invade into nearby breast tissue.
In Stage 2, tumors grew bigger, up to 5 cm in di@meand cancer cells invaded into
lymph nodes under the arm (axillary lymph nodes)sthge 3, tumors grew bigger, from
5 cm in diameter to any size, and cancer cellsasphem axillary lymph nodes to other
structures such as lymph nodes behind breastbdage 8 was the metastatic breast
cancer, cancer cells spread into other organsasitiones or liver. As stages progressed,
cancer cells spread further and further from thegimal sites, and the tumor size

becomes bigger and bigger. National Cancer Institutmmarized the 5 year relative
2



survival rate of breast cancer stages at diagnheim 2002 to 2008 (Table 1).

According to this summary, 60% people were diagdaselocalized cancer, 33% were
diagnosed as regional cancer. 5% were diagnosddt@asnt cancer. 2% were unstaged.
The more invasive the cancer cells were, the Idhersurvival rate of the breast cancer
patients was. Therefore, the early identificatibmm@ast cancer would give the patient a

better chance to survive.

Table 1: Stage distribution and 5-year relativerisait rate (2002-2008)

Stage Syear

LR UG Distribution (%) | Relative Survival (%)

Localized (confined to primary site) G0 95 .4
Regional {spread to regional lymphnodes) 33 g3.9
Distant {cancer has metastasized) A 238
Unknown (unstaged) 2 a0y

There are two major diagnostic methods of breastera The first one is mammogram,
using X-ray to take the picture of breast tissug Ppicture will show lumps and calcium
specks resulted from cancer, precancerous cetither reasons. Further tests are needed
to determine cancer formation. The second methatingal breast exam. The doctors
will check the morphology of the breast, and feshps by fingers. Other tests include
biopsy, ultrasound, MRI, and lab test for hormoaeeptors and HER2/neu receptors.
Currently, most breast cancer could be diagnosditrethan Stage 2, but only 20% of

the cases could be diagnosed at stage 0. The issue Stage 2, breast cancer cells



already spread into axillary lymph nodes, and theigal rate decreased. Therefore, new
methods are needed to identify breast cancer wiemrdncer cells are confined to the

primary site.

The current treatment of breast cancer includegesyy radiation therapy, hormone
therapy, chemotherapy, and targeted therapy.Howeseurrence and high death rates
are always a problem. A clinical research condufbe@®0 years and published in 2002
claimed that radiation therapy significantly deseshthe recurrence rate from 39.2% to
14.3% in women patients whose tumor specimen heasksfree margins. However,
radiation therapy didn't decrease the death réke total death rate went up to 60%, and
the death rate resulted from recurrence is abo@ 40The therapy of monoclonal
antibody against HER2 positive breast cancer wiasegit in a short period. In a clinical
study of 3387 patients receiving surgery + radrati® chemotherapy, additional
treatment of traszunumabgave a 90% of diseasestnegval within two years compared
to 80% in control group. However, 2 year period was too short to makedaruent of
drug efficiency, and this benefit cannot apply tBR2 negative breast cancer. Hormone
treatment applies to hormone receptor positivedbreancer. In a clinical study of more
than 6000 patients, hormone treatment after surgeadiation + chemotherapy gave a
20% total death rate, 11% of death rate came freeurrence’. There are no efficient
treatments for HER2 negative/hormone receptor negtreast cancer. In sum, breast
cancer has a high death rate according to cunreatnhent. New treatment methods need

to be developed for breast cancer.



1.2 G-protein coupled receptor-associated sortiotem 1 (GASP-1)

G-protein coupled receptor-associated sorting prole (GASP-1) was identified in
breast cancer for the first time in 20.7A new protein separation technology, 2-D High
Performance Liquid Electrophoresis (2-D HPLE), wdaveloped in Dr. Chang’s
laboratory (US Pat 7,326,326). Using 2-D HPLE, seralbumin complexes were
separated in the sera of breast cancer patientsnandal control according to the
isoelectrical points. After mass spectrometric wsial a peptide representing 850-865
amino acids of GASP-1 was identified to be absemarmal controls, but present in
breast cancer patients. Antiserum against thisigeepvas prepared by injecting the
peptide into therabbitand antibodies against thistope were raised. By using
thisantiserum, clinical tissue lysates from breeahcer patients were analyzed by
western blot. The result showed that breast cais=sre lysates had a higher expression
level of GASP-1 than lysates from adjacent nornissiue®. These results support the
idea that GASP-1 peptideepitope has a higher esiore¢evel in the tumor and sera of
breast cancer patients as compared to normal d¢enifberefore, GASP-1 protein or
peptide (850-865a.a.) levels have a positive caticel with breast cancer, both in serum

and tissue specimens.

In a study in 2004, Frederic Simonin tested thellet GASP-1 mRNA in tissue lysates
of different human organs and tissues by northét Hhe results showed that GASP-1
mainly expressed in CNS such as brain, hippocanguggdale, etc. Other organs such
as heart, lung, and liver do not have mRNA trapsiom. These results were verified by
in situ hybridization on coronal mouse brain secticndn 2005, Selena E. Bartlett

detected GASP-1 expression in neuron dendritesalhtody by immunofluorescenée
5



In 2007, Lene Martini detected GASP-1 protein egpi@n in rat striatum, hippocampus
and dentate gyrus/hilusregionby immunofluorescence. In summary, GASP-1 was

expressed mainly in CNS in healthy, non-cancerousas and human.

The first paper that identifies GASP-1 was publgie Science in 2002 by Dr Jenifer
Whistler 8. She identified the proteins that were involvedtrafficking membranous

delta-opioid receptor (DOR) into lysosome for delgtion. She used yeast 2-hybrid
system with C-terminal tail of the DOR as the baiscan HEK293 cDNA library. Many

clones were identified to be bound by DOR. Sequenaf these clones revealed that
these sequences correspond to the same C-termaalredicted protein.Uponvalidation
by affinity chromatography, she named this protef “G-protein coupled receptor-
associated sorting protein one” (GASP-1). Furthencfional studies showed that
inhibition of GASP-1 by dominant negative mutaniscked the trafficking of DOR into

lysosome and degradation. Herstudy concluded tB&R51 was a cytoplasmic protein

that binds to DOR, facilitating its lysosome trantsition and degradation.

In the recent decade, more and more GASP-1 bindkogptors were discovered by
affinity chromatography and immunoprecipitationn#dst all of these receptors were G-
protein coupled receptors, including kappa-opi@deptor (KOR), Mu-opioid receptor
(MOR), beta-1-adrenergic  receptor (beta-1-AR), dojp@ receptor 2
(D2R),cannabinoid receptor 1 (CB1R), GPR55,€té ® * 2 However, only DOR, D2R,
CB1R and GPR55 were proved to be regulated by GA%R-lysosome translocation
and degradatioft " ® % In animal studies, GASP-1 was shown to down-rmguD2R
upon ligand treatment. For example, in an electysmhogical study in 2005,

dopaminergic neurons of the ventral tegmental &@a\) in rat brain were tested for
6



hypopolarization. Treatment of D2R ligand for thez@nd time on these neurons does
not induce hypopolarization. However, after anti&Aantibodies were delivered into
the cell via patch pipette,”‘thpopolarization was recovered, indicating GASP-1
promoted translocation and degradation of D2R, Wwhde-sensitized the neurons in
response to D2R ligands In another study in 2010, GASP-1 knock-out micerev
generated. Treatment of cocaine decreased the D@Rimp level in striatal tissue in
wildtype mice, but knock-out GASP-1 mice recoverdd protein level of D2R,
indicating GASP-1 promoted the degradation of DARivo ™. As a consequence, both
in vitro andin vivo studies showed that GASP-1 promoted the lysosoareslbcation

and degradation of G-protein coupled receptors ssdd2R, CB1R, DOR, and GPR55.

GASP-1 occurred very early in sera and tissue sp&ts of breast cancer patients. Can |
use it as a cancer marker? If so, | can detectsbimcer at a very early stage by just
analyzing its serum level for diagnosis of breamtoer. Early detection will greatly
increase the survival rate of the patients. On dtteer hand, what is the biological
function of GASP-1 in breast cancer? Since it ghsicantly over-expressed in breast
cancer cells at a very early stage, it may conteilia breast cancer tumorigenesis, and
thus, might be developed into a new therapeutgetatn this study, | report that GASP-
1 contributed to tumorigenesis in breast cancdrliogls and has a great potential to be

used as a tumor marker in breast cancer diagnosis.
1.3 Epithelial to mesenchymal transition (EMT)

Epithelial to mesenchymal transition (EMT) procéssan important process in both

tissue/organ development and cancer progressiomgdwhich the epithelial cells loses



polarity and cell-cell adhesion, while acquiringgnaitory and invasive characteristiés

In clinical studies, EMT has been characterizethatinvasive front of various types of
cancer by either morphological or molecular evidggrand some EMT markers such as
Snail and Slug correlated with disease relapsepaad clinical outcome$’, indicating
EMT may play an important role in cancer metastaad even tumorigenesis. In tissue
culture studies, EMT had been proven to promotéreakwal ability; by generating
cancer stem cells in breast cancer cell lihendicating EMT process might influence

cancer cell proliferation, migration, and coloniaatin a new microenvironment.

EMT process could be activated by some transcrgtators, including snail, slug and
ZEB2™, and therefore, the mRNA and protein levels oféhanscription factors can be
used to determine an active EMT proc&s¥ ' ® Vimentin is type Il intermediate
filaments. During EMT, vimentin expression incres®uring the reverse process
called MET(mesenchymal to epithelial transition)mentin expression is decreased.
Therefore, vimentin, which mainly expressed in mebgmal cells, has been used as a
marker for mesenchymal cell state and EMT proc@ssN-Cadherin is normally
expressed in mesenchymal cells and is over-exgtéss@any invasive cancer typ&s
and thus is also applied as a mesenchymal markeorime cancer studiés These
transcriptional factors were usually used as EMTkera to show EMT activation, and
were often correlated with cell migration, proldé&on, and colony formation in soft agar

assays.

There are many cancer related signaling pathwaydagng EMT markers. For example,
inhibition of c-Src by siRNAdecreasedvimentin, sklgd ZEB2 protein level in MDA-

MB-231 and MCF-7 breast cancer cell line, indicgtirSrc pathway contributed to
8



EMT activation®’. ZEB2 was a downstream target of®Fin breast cancer cell§ Wnt
and TGIB were required to activate and maintain EMT markernsuman immortalized
epithelial cells (HMLE) and human breast cancet e MDA-MB-231 # # |GF-1
was proven to contribute to EMT in human benign mmamy epithelial cells (HMEY.
ERK signaling pathway regulatedcell migration thgbislug expression level in a breast
cancer cell ling®. p53 inhibited EMT and cell invasiveness throughibition of Slug in
MCF-7 breast cancer cells, but mutant p53 lost itifigbition . These research works
proved that many tumorigenic signaling pathwaysulegd EMT markers, and thus

suggest that EMT markers may play a role in tunemésis.

EMT markers have been proven to regulate cell feraliion, migration, invasion and
soft agar colony formation in many cancer types. &mample: SIP1 (ZEB2) induced
vimentin expression (both mRNA and protein) in lstegancer cellg®, while vimentin
was necessary for wound healing migratfdnSnail mediated E-cadherin methylation
was necessary for EMY. Snail induced EMT, increased cell invasion, betréased
cell migration and soft agar colony formation inG@ cells®. Snail and slug increased
cell invasion in a TGF dependent manner in breast cancer é&ISLUG induced EMT
through its SNAG domaif®. Slug increased the cell migration ability in pasatic
cancer cells through metalloproteinase activify Slug positively regulated cell
proliferation, migration, andn vivo tumorigenesis in esophageal cancer cell fihe
Over-expression of Slug increased cell prolifemtiomvasion, migration, and in vivo
tumor growth in human glioblastoma ceffsOver-expression of slug increased cell
invasion in bladder cancer cell lines 563Dver-expression of Slug increased migration

and invasion in human prostate cancer PC3 cell ¥in®©n the other hand, down-

9



regulation of slug decreased cell migration, ineasiand lung metastasis (in vivo) in
MB231 cells®®. Knocking down Slug abrogated IK1-mediated insesain migration
and invasion in ovarian cancer ceflsThese results suggest that EMT markers regulated

tumor growth and metastasis, and thus contributertmrigenesis.

In summary, EMT markers are involved in the tumenigsis process, and might be a
downstream effector of many tumorigenic signalirmghgvays such as p53 mutation,
ERK, TGH, Wnt, etc. The question is: Are EMT markers doweein targets of GASP-

1?
1.4 NKB signaling pathway

NF«B had been shown to be activated in breast carateenps. In a study involving 7
breast cancer patient samples, all samples shoigedriNFB activity, as detected by
EMSA, than normal adjacent tisstfe Another study analyzing 6 breast tumor patients
showed that ER negative patients are more likelyh&we higher NkB activity,

indicating a positive correlation between®rand tumor malignancyy.

NFkB pathway had been proven to be a tumor promotanimal experiments. In rats,
DMBA-induced mice mammary tumor shows an elevamcll of NB activity, as
detected by EMSA? The most definitive evidence showing &8 tumorigenicity in
breast cancer is Debaijit's wotk He over-expressed IKKdominant negative to inhibit
IKK, which then stabilize 4B and abolish PMA induced MB activation. After
injecting this stable transfected cell model, thear volumes were determined. The
results were: inhibiting NéB reduced tumor volumia vivo, and this reduction depends

on the level of NEB inhibition.

10



NF«B is activated in breast cancer cell lines. Forngple, breast cancer cell lines
showed higher NiEB total activity than non-transformed MCF-10F bteggithelial cell
line as determined by IKK activity ass&y The amount of NiEB does not change as
determined by western blot. But the level of IkB, MFB inhibiting protein, is low in
ER- breast cancer cells and a higher activity okBlFs detected, indicating a positive
correlation between malignancy and#Factivity *. Breast cancer cell lines have high
levels of nuclear N&B activity as determined by EMSA. The increase &kBl activity
mainly comes from N&B subtype p65,as determined in SKBR3 cell linesEbh§SA,

indicating canonical pathway activation is predoanminin breast cancer cell lin&s

In this study, | want to test whether dB activity is regulated by GASP-1. Western blot
on the phosphorylated MB p65 and NKkB luciferase assay was performed, in MDA-

MB-231 cells under-/over-expressing GASP-1.
1.5 Src signaling

Src signaling is an important tumorigenesis sigmpiathway. It was summarized by
Ricardo H. Alvarez (2006} *° Viral Src (v-Src) was first identified from Rosarcoma

virusto induce solid tumor in birds. Later, reséars found out an intracellular
counterpart, the proto-oncogene c-Src. C-Src inftes proliferation, survival,

migration, and angiogenesis, but is insufficientinduce tumor in human cell lines.
Numerous human malignancies display increased Spcession and activity (colon,
breast, lung, ovarian, esophageal, gastric, andrpatic cancer).Y530 phosphorylation
inactivated Src by association of different domaamsl thus folding of the protein.

Dephosphorylate Y530 and autophosphorylation of9%ddtivates Src. Src was involved

11



in many cancer related signaling. Growth factor Raktivates Src. Srcsignaling
increases HER2/HER3 hetero-dimer. Src is required RDGFR signaling. SRC

maintains cyclin D1 and myc expression throughvating beta-catenin. Src positively
correlated with VEGF expression and IL-8. MDA-MB428ells stably over-expressing
SRC increase bone metastasis in mice model. Srbdwmsne a good potential target for
cancer treatment.In this study, | wanted to testtivbr the activity of Src was regulated

by GASP-1 in breast cancer cells.
1.6 GPR30

Edward J. Filardo, carried out a clinical case gtl821 breast cancer tissue specimens
were analyzed in his study. Among the 122 ER negasamples, half of them are
GPR30 positive, indicating GPR30 may be an impoértBR receptor in estrogen
negative breast cancer ceffs In tissue culture experiments, GPR30 regulate& ER
phosphorylation by two different pathways. Actigati of GPR30 activated ERK
phosphorylation by releasing HB-EGF and activatt@FR. On the other hand, upon
EGF treatment, GPR30 inhibited ERK phosphorylatignactivating PKA and cAMP
signaling. GPR30 expression is discovered in MGfells, with 60kDa of glycosylated
protein and 30kDa non-glycosylated prot&inHowever, its expression in MDA-MB-
231 cells is still contradictory. GPR30 was firdentified in 1997 by Carmeci €. By
using cDNA library, he identified a gene that isemxpressed in ER+ MCF-7 cell line
rather than ER- MDA-MB-231 cell line. This exprassipattern was further validated by
western blot. On the other hand, a group of Jagmmesearch detected GPR30 by
western blot in MDA-MB-231 cells, as well as MCFand SKBR-3 cells®. In this

study, | tested GPR30 expression in MDA-MB-231 <&l western blot. With the help
12



of LICOR highly sensitive western blot system, Ipkoto verify whether GPR30 is
expressed in MDA-MB-231 cells and whether its expi@n level is regulated by GASP-

1.

1.7 Competitive ELISA

The method | used to quantify GASP-1 peptide leirelpatient sera is called
“competitive ELISA”. | developed this method spdigidor detecting GASP-1 peptide
epitope. The basic idea was as follows: Sera atidaaly were reacted in solution with
the antibody present in excess. The resulted solutiontaining antibody-antigen
complex and excess free antibody was incubated wtmobilized antigen in a
microplate. Free antibody bound to the immobilizetdigen, and was detected by a
secondary antibody that generated the signal. Ti$hod would give an inverse
relationship to signal: the higher the antigen emtiation was in the sample, the lower
the signal will be. The first point in the standatdve will be Ong/ml, which produce the
highest signal. This method has very high sensgitiiecause antigen and antibody were
reacted in the solution so that researcher doefianato worry about the efficiency of
antigen immobilization. However, in order to perforthis method efficiently, the
optimal antibody concentration and amount of imripéd antigen have to be
determined for a specific antigenic protein. Instistudy, | developed a competitive

ELISA detecting GASP-1 levels in sera of cancerepas.
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1.8 Objectives and hypothesis

The first goal of this study is to discover andidale the correlation between GASP-1
and breast cancer in clinical samples. The secarad ig to studytumorigenicity and

signaling pathways mediated by GASP-1 in MDA-MB-28#ast cancer cell line.

The hypothesis is: GASP-1 promotes breast canceorigenesis in the MDA-MB-231
breast cancer cell line, and that epithelial toenelymal transition transcription factors

may mediate GASP-1 promoted tumorigenesis.

Rationale:

GASP-1 is overexpressed in both sera and tissugnspes of breast cancer patients,
indicating GASP-1 may play a role in breast cartocenorigenesis. EMT transcription
factors have been reported to be regulated by ttueserigenic signaling pathways, and
contribute to cancer cell proliferation, invasiomigration, and colony formation,
suggesting EMT transcription factors may be invdive breast cancer tumorigenesis

mediated by GASP-1.
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CHAPTER 2: MATERIALS AND METHODS.

Synthesize GASP-1 peptide:

GASP-1 peptide EEASPEAVAGVGFESK (850-865a.a. of ®AS amino acid
sequence) had been identified from breast candgenpasera by 2-dimentional high
performance liquid electrophoresis (2-D HPLE) as@y(Tuszynskiand Chang, 2011).

This peptide was synthesized by Covance, Princé&tdn,

Prepare GASP-1 antisera:

GASP-1 antiserum was prepared by Covance, Princéidn Briefly, a rabbit was
immunized with the GASP-1 peptide (850-865a.a. AEB-1 amino acid sequence) and

the serum containing polyclonal antibody againstSBAL peptide was isolated.

Purify and biotinylate polyclonal anti-GASP-1 ardy:

Anti-GASP-1 polyclonal antibody was purified fromAGP-1 antisera by Protein A/G
(Pierce 20421) and biotinylated by EZ-link NHS-PEBIdtinylation Kit (Thermo

Scientific 21455) following the manufacture’s instiion.

Competitive ELISA:

Sera ofglioma patients were kindly provided by themple University Center of
Neurovirology. Sera of lung cancer patients werendki provided by Dr.
HosseinBorghaei from the Fox Chase Cancer Centeladelphia, PA. Sera of liver
cancer and cirrhosis patients were kindly providad Dr. Anand Mehta, Drexel
University School of Medicine. Sera of stage 2 atabe 3 breast cancer patients with

controls were purchased and obtained from the Bikene&Shared Resource directed by
15



Dr. Christopher Loffredo, Associate Professor ofc@aogy & Biostatistics Leader,
Cancer Genetics and Epidemiology Program Direct@finical & Molecular
Epidemiology Shared Resource, Georgetown Univergitiditional sera were obtained
from normal healthy volunteers.

Competitive ELISAprotocol detecting GASP-1 prottswel was developed according to
a previous competitive ELISAprotocol detecting thimspondin-1 in this lab
(Tuszynski et al., 1992). Briefly, two ELISA stripates were labeled “plate A” and
“plate B”. The plate A was coated with 300ul 1% B3APBS solution for at least
overnight at 4°C. The plate B was coated with 20D0625ug/ml GASP-1 peptide in
PBS for 48-72h. Tris-buffered saline Tween20 (TB$dhtaining 0.5M NaClwas used
in ELISA. Serum samples were diluted in TBST. Thetwn factor was optimized from
1:10 to 1:480. The standard curve was prepardud @ASP-1 peptide diluted in TBST.
The standard solutions and diluted serum samples imeubated with equal amount of
biotinylated antibody (1:25,000 dilution in TBST) 4°C overnight in plate A (BSA
coated). The next day, plate B was blocked withBS# in PBS solution with shaking
at room temperature for 30min. After washingplatevBh 250ul TBST 5 times, an
aliquot of 200ul sample-antibody mixture or peptadgibody mixture was transferred
from plate A into plate B. Plate B was incubatedaim temperature for 90min with
shaking.Free antibody in the mixture, which did botd to GASP-1 in samples, will
bind to the peptide immobilized on the plate Bt®R was aspirated and washed with 5
times of 250ul TBST. The antibody bound to the el& was detected by HRP-
Streptavidin (Vector Lab SA5004, 1:54000 dilutiom TBST) by shaking at room

temperature for 60min. After washing 5 times witd@b TBST, the plate B was
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incubated with 100ul 1-Step Ultra TMB-ELISA (Therngzientific 34028) for 20min
with shaking. The HRP enzymatic reaction was stdpme adding 50ul 1M HCI, and
absorbance (450nm) was measured. The standard wass/generated by fitting the data
to a one-site-total binding equation using Graphpasim version 5.01 (San Diego, CA).

The GASP-1 epitope concentrations were calculatedrding to the standard curve.

Immunohistochemistry:

Brain cancer tissue array slides BS17016, breastecaissue array slides BR1003 and
BR1503, and pancreatic tissue array slides PA20&®  wurchased from US Biomax,
Inc, Rockville, MD. Slides were deparafinized inleqye 3 times for 30min and
rehydrated in ethanol gradient 100%, 90%, 70%,fenadly in distilled water. The slides
were then incubated in citrate buffer pH6.0 at 956Cexactly 30minto break antigen
cross links. After cooling for 20min at 4°C, thelsks were washed 3 times with PBS and
incubated in freshly made 6% hydrogen peroxidetelilun methanol for exactly 20min
at room temperature. The slideswere washed in PB®es and then blocked at room
temperature for 2h, in PBS containing 5% horsersgiectastain PK8800), 0.1% BSA,
and 4 drops/ml of streptavidin (Vector SP-2002)d&d were washed in PBS 3 times,
and incubated at 4°C overnight with GASP-1 antiskiged (1:4000) in PBS containing
0.1% BSA and 4 drops/ml biotin(Vector, SP-2002)e Tiext day, slides were washed 3
times with PBS, and incubated with Uni-kit biotiai¢éd secondary antibody (Vectastain
PK8800, 1 drop/ml in PBS containing 0.1% BSA) abmotemperature for 1h. Slides
were washed 3 times inPBS, and incubated with HirFp®vidin (Vectastain PK8800)
at room temperature for 30min. Slides were wash@u®s in PBS and color was

developedusing the DAB kit(Vector SK-4100), follewi manufacture's instruction.
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After a brief PBS wash, the slides were countansthi withhematoxylin,
dehydratedusingreverse ethanol gradients: 70%, A%, finally in dehydrated 2
times in xylene for 30min and mounted using mountimedium (Vector, H-5000). The
slides were scored by a breast cancer patholoDistXinmin Zhang, Department of
Pathology and Laboratory Medicine at Temple Unigrsising a staining index from 0
(weakest) to 3 (strongest). The scoring was corduat a blinded manner. Staining
scores were plotted and analyzed by a studenttTtdesalculate the statistics for each
group. (Graph Pad Prism version 5.01).Two groupsnigaa p value of less than 0.05
were considered statistically different.

Plasmid Construction:

ShRNA-GASP-1 was constructed by Origene (Catalogber. TG312634). Briefly,
sequences targeting GASP-1 were inserted into pGRS shRNA vector (TR30007).
The scrambled control vector is provided by the pany (TR30013). The vector
structure was shown in Figure 2. pGFP-V-RS plasimd an short hairpin RNA
sequence right after U6 promoter. The left andtrgggquences are complementary to
each other. When this sequence is transcribedRA, the RNA will fold at the loop
and the target sequences will complement with @s(RRverse complement sequence) to

form a short hairpin structure. shRNA will binddier, lose its loop structure, then bind
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pGFP-V-RS shRNA Vector
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Figure 2.ShRNA plasmid used to inhibit GASP-1 egpren. The target sequence —
loop — target sequence RC is the short hairpincitra. U6 promoter ensures the
transcript is anshRNA, not an mRNA. The puromy@sistant gene is for establishing
stable mammalian cell line. Kanamycin resistantegenfor selection during bacterial

amplification. Turbo-GFP is applied as an indicaibtransient transfection efficiency.

to RISC, and loose its RC sequence. Finally, it wecognize target mRNA by its
sequence complementation, resulting in degradaifomRNA. After transfection, the

best inhibition shRNA stable cells were selectedRI+PCR. The GASP-1 targeting

sequences are as follows:
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ShGASP-1_29 (cat#: GI350529): TGGCAGATGAAGCCAGCATAGTCCAGT
ShGASP-1_30 (cat#: GI350530): CCAGTCTACAAGTGGAGGAAGTCCATA
ShGASP-1_32 (cat#: GI350532): CATCCTGTAACTGCATACABTGAGCTG

GASP-1 over-expression plasmid was constructed bge®e. cDNA sequence of

GASP-1 (transcription variant 1, NCBI accession NIM_014710.4) was inserted into
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Figure 3.pCMV-AC-IRES-GFP-puro plasmid was appliéad over-express
GASP-1. The GASP-1 cDNA was inserted at Sgf-1 andJM site, driven by
CMV promoter. Myc-DDK tag was connected to the mrtimal of GASP-1.

Internal ribosomal entry site (IRES) was appliedctmtrol GFP expression.

Ampicillin and puromycin resistant gene is shown.

the pCMV6-AC-IRES-GFP-Puro vector (Origene PS100GE8r CMV promoter. The
protein was fused with myc-DDK-tag at the C-ternhiméernal ribosomal entry site was

applied to control GFP expression. GASP-1 and GfdPesthe same mRNA, with IRES
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in the middle. IRES is the binding site of ribosoméhe middle of the mRNA, so that
one mMRNA contains two genes, under the controlwas tifferent promoters. The
advantage of this design is that GFP still shoves ékpression level of GASP-1, but
GASP-1 is only linked to a small myc-DDK tag, whikhd less possibility to influence

GASP-1 function.The structure is shown is the Feggir

Cell culture and Stable Transfection

GASP-1 under-expression clones: MDA-MB-231 breastcer cells were plated in 96
well plates in DMEM supplemented with 10% FCS. sWRGBASP-1 was transfected
with Fugene transfection reagent (Promega E2318). pbst-transfection, cells were
expanded from the 96 well plate into a 6 well pladataining regular DMEM. 24h later,
media was changed to DMEM containing 0.6ug/ml pywamand cells were grown for
about 10 days until 95% confluent. Total RNA wasased from each clone in order to

identify GASP-1 down-regulation by RT-PCR.

GASP-1 over-expression clones: MDA-MB-231 cells evptated in 6 well plates. The
GASP-1 over-expression plasmid andthe control veetretransfected by Fugene HD
Transfection Reagent (Promega E2311). 48h possftration, media was changed to
DMEM containing 0.6ug/ml puromycin. Cells were im@ll plates for 10 days to select
for puromycin resistant cells. The cells were tisenal diluted in 96 well plates until
only one cell was seeded in each well. These clammes then grown to 95% confluency
(with puromycin in the media). Clones were expanohed well plates and then grown
10cm dishes (with puromycin in media). The cellakgs were evaluated by indirect

ELISA to identify those that over-expressed GASP-1.
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RT-PCR:

Cells were plated in 6 well plates and grown to ¥5$fluency. Total RNA was isolated
with Trizol reagent (Invitrogen, 15596-018) follawg the manufacture's instruction.
RNA concentration was determined by measuring Odd. 260 nmusing a
spectrophotometer (NanoDrop, ND-1000) and the RNMAcentration calculated using
its software. RNA quality was controlled by runniRINA samples on non-denaturing
agarose gel electrophoresis for 18S, 28S rRNA aR#NAsmears. Four ug RNA was
applied to DNase | digest (Fermentas, EN0521) alcgrto the manufacture's
instruction. 1.5 ug of digested RNA was appliedrirerse transcription. The RT system
contains: random primers (Promega C1181), M-MLV o(Rega M1701), buffer
(Promega, M5313), dNTP mix (Promega, U1511) anda$tiN(Promega, N2511). DNA
contamination was monitored by running non-enzyregative reverse transcription
control. cDNA was applied for PCR amplification.oper dilutions of cDNA were
optimized. PCR master mix was purchased from eiheRad (cat#: 172-5121). PCR
primers were listed in the table with respective @nd product sizé® # *fPrimer 3
website]. The PCR program was optimized as: 95°€ (8@ BioRad master mix) or
10min (for Agilent master mix), 33 cycles of amigtion, 95°C 30s, Tm for 1min, and
72°C for 1min (all products are less than 500bp).aflditional 72°C for 3min is added
at the end of the last cycle. All products were ligop to DNA agarose gel
electrophoresis with 2% gel. The 50bp gene rulerADBdder was purchased from
Fermentas (SM0373). Pictures were taken by Geld-dyj2 camera system (Kodak). For
gPCR, samples were run in the LightCycler 480 (Rdcthe program was run for 45

cycles. The relative quantification was calculdtgdts software.
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Table 2. RT-PCR primers

Product
Name sense antisense Treize:
Vimentin ctcttccaaacttttcctcec agtttcgttgataacatgtc | 52 | 134bp
ZEB2 caagaggcgcaaacaagc ggttggcaataccgtcatcc 55bp 128
Slug cgcctccaaaaagccaaac cggtagtccacacagtgatg &8bp 1
Snail cgaaaggccttcaactgcaaat actggtacttcttgacatctgh0 | 262bp
GAPDH tgatgacatcaagaaggtggtgaagcttggaggccatgtgggccat 56  240bp
GASP-1 tggttgtgcctgttctacactcta ccagtactatactcctagt| 56 | 213bp
N-Cadherin | aagacaaagagacccaggaadaacfgtctctctictgcctttgtag| 56  164bp

Western Blot

Cells were grown in 6 well plates until 95% confiog and lysed with Mammalian
Protein Extract Reagent (M-PER, Thermo scientifi8501) containing Halt Protease
and Phosphatase inhibitor Single — Use Cocktaib(io Scientific 1861280). Protein
concentration was determined by BCA method (Pi&28224 and 23221) following
manufacturer’s instructions. Samples were denatimedaemmli buffer at 10 for
5min. Urea was added to insure denaturation ofeprdarger than 100kDa. Samples
containing 20-30ug of total lysate were separatadS®S-PAGE (10-12% gel for
proteins less than 100kDa, 7% gel for proteinsdatgan 100kDa), transferred to PVDF
membrane (Thermo Scientific 88518) in Tris-Glycibaffer (pH8.3) at 4°C, 40V,

overnight. The membrane was blocked by Odyssey kiBigcBuffer (LICOR). The
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primary antibody includes: anti-GASP-1 antibodyofeinTECH). Anti-Slug antibody
was purchased from Cell signaling (cat#: 9585).Ahttadherin antibody was kindly
provided by the Neuroscience Department of Tempievéisity School of Medicine.
Anti-Vimentin was purchased from Calbiochem (cat#01). Primary antibody
incubation conditions were applied accordingtomaatufrer’s instructions, respectively.
The primary antibody was detected by IR-dye coredjagoat anti-rabbit or goat anti-
mouse secondary antibody (LICOR), and was visudligethe Odyssey Imaging system
(LICOR). Beta-actinstaining was used to determioading levels. To perform the
screening western blot, the 12 wells of the 15 wedbtern blot comb was taped with
regular tape, so that all 12 wells became one gl Whe SDS-PAGE gel was prepared
to have one well for protein marker, and one bigdj fee the sample. 340ug total protein
lysate of MDA-MB-231 cells was loaded in the biglwafter electrophoresis, transfer,
and blocking, the membrane was fixed in the muiarmel western blot chamber
(Immunetics) according to the instruction manuaroRin Y was added into the
Laemmli buffer ahead of time to track the positioihthe sample on the membrane.
Different antibodies were prepared and added imochannels on the chamber, so that
one big sample was analyzed by different antibodiekitions at the same time.

Secondary antibody and signal detection was acdshgal as described above.

Dot Blot:

1-2ug antigenic peptide, 1-2ul MDA-MB-231 lysate3ug/ul), or 1-2ug BSA was
spotted on methanol treated PVDF membrane. Antibmdgntigen blocked antibody
was applied and incubated for 2h at room tempegattither biotinylated antibody or

antiserum was used in experiments. Biotinylatedbady was detected by HRP linked
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streptavidin (Pierce, 1:20 000 dilution). Antiserwmas detected by HRP linked goat

anti-rabbit secondary antibody.

Amplifying of Plasmid:

All plasmids were transformed into E.coli and cldrezcording to Origene’s instruction
manual. DNA mini-preparation (Qiagen, 27106) wasdu® validate cloning efficiency.
Maxi-preparation (Qiagen 12163 and 12263) was usgoroduce enough plasmid for
transfection. BamH1 and Hindlll restriction digestiwas applied to verify the insertion

of DNA fragments.

Cell Proliferation Assay:

Cells were plated in 96 well plates, 2000 cell4@@ul DMEM complete media per well

for triplicates. 20ul of MTS reagent (Promega) veakled to each well. Cells were
incubated at 37°C for 1h. Absorbance at 490nm weasored on day 0, 2, 4, 6 and 8,
using a spectrophotometer, and was plotted on @hgr&tandard deviation was
calculated from triplicate readings.Media contrathout cells were used to blank the

absorbance.

Boyden Chamber Migration Assay:

100,000 cells were plated in24-well Millicell hangi cell culture inserts (Millipore,
8.0um pore size, tissue culture treated, PIEP12R#8)200ul serum-free DMEM
supplied with penicillin/streptomycin. 1000ul seriree DMEM was added to the
bottom chamber. Plates were incubated at 37°CHoC4lls in both the upper and lower
chambers were fixed with 2.5% Glutaraldehyde-PB&itm for 30min at room
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temperature, and stained with 0.5% Crystal Viote5% methanolovernight at room
temperature. After a water rinse, cells on the ugbamber were wiped off by a cotton
swab. The cells on the lower side of the membraee wounted using a normal optical

microscope.5 views were counted and standard dewsatvere calculated.

Wound Healing Assay:

Aliquots of 300,000 cells were plated in 6 welltgpgin DMEM complete media. After
4h, cells attached to the bottom of the plate. t8hes were made by 1ml pipet tips, and
media was replaced with fresh media to remove Hethcells. Plates were incubated
for 24h at 37°C in 5% CO Pictures were taken at both 4h and 24h undesdnee
magnification. Pictures were aligned on the sanpepavith the same amplification, and
printed out on the same paper. Migration frontsen@rawn by hand and the distance
between the two migration fronts at 4h and 24h weeasured with a ruler. The relative
migration was calculated as the width at 4h mins width at 24h. The relative

migration was plotted on the graph.

Soft Agar Assay:

DMEM containing 0.5% melted Noble Agar (Sigma A-238vas loaded in 6 well plates
as the bottom agar layer. A cell suspensionof 268Is was mixed with DMEM
containing 0.35% melted agarose (Fisher BP1356-a08)°C, and loaded on top of the
bottom agar. After the top agarosesolidified, 1mMDMEM media was added to the top
of the agaroselayersto prevent drying. 15 days,la@ony number was counted in 8
fields, and colony size was determined by eye. ¢%hatkere taken under PHASE contrast

of the fluorescent microscope (Nikon).
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Flow Cytometry:

A total of 500,000 cells were trypsinized and wakBdimes with Stain Buffer (Thermo
scientific, 554657). The cells were then pellea¢B00g for 5min and vortexed a little
bit, and fixed in cytofix/cytoperm (Thermo scierg)f buffer for 35min. The cells were
washed two times with cytoperm/wash buffer (Thersegentific), and incubated with
anti-CD44 antibody (BD pharminogen) at 0.03ug p@@ul perm/wash buffer, on ice for
30min. After washing the cells 2 times with permgWwauffer, cells were resuspended in
stain buffer and CD44+ cells measured by flow cybom (Quavaminicyte). The
percentage of CD44+ cells were plotted on a gragha@mpared to that measured for

allcell clones and controls.

NFxB Luciferase Assay

NF«B promoter-adenovirus was kindly provide by Dr. (epartment of Neuroscience,
Temple University). 10,000 cells were plated in ®6ll tissue culture plates. The
following day, replace media with 10% FCS-DMEM aaning NKB promoter

adenovirus. The multiplicity of infection (MOI) egls to 50. Incubate 6-8h, followed by
replacing the media with or without 10% FCS-DMEMhtaining 10ng/ml TNE. The

following day, lyse the cells in 100ul lysis buff@0mMTris-HCI pH7.4, ImMMEDTA,

150mM NaCl, 1% Triton X-100) for 3min at room temgteire. 40ul were aliquoted into
2 separate white plates. 40ul of OneGLO reagenbniBga) and CellTiter reagent
(Promega) were added into these two well respdygtiTée luciferase signals were read
by WALLAC EnVision 2104 Multilabel Reader (Perkin&ér). Luciferase signals were

normalized to the respective cell titer signal, ttmmalized again to the scrambled
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control or vector control, respectively. Four repted wells were performed in each

experiment.

28



CHAPTER 3: RESULTS

3.1 GASP-1 epitope has a higher serum level in erapatients rather than normal

control.

GASP-1 was identified in the serum of breast capegients by 2-D HPLE, but not in
normal controls. This result suggested that GASB-& potential new cancer marker.
However, further validation needs to be carried tmtprovide stronger evidence,
showing GASP-1 serum level is positively correlateith cancer. Therefore, | used
antisera against GASP-1 peptide identified in th@ssnspec analysis of new cancer
serum albumin complex from breast cancer patiemis,developed a competitive ELISA
to measure GASP-1 peptide levels in serum samptes farious cancer types and
controls. | hope to validate that GASP-1 epitops & higher level in cancer sera rather

than normal controls, and this higher level is présn cancer only, not other diseases.

3.1.1 Antibody characterization

The first step in developing a competitive ELISA&tinod is to use an appropriate
antibody directed against the GASP-1 epitope ifledtifrom the 2D-HPLE analysis. |
used a dot blot assayto validate the immune-spéyifof the antiserum. | used the
antigenic peptide as the “blocking peptide” to lkldbe immunoreactive site of the
antiserum (Figure 4A). The antibodies were predrated with different amounts of
antigenic peptide at°@ overnight, and then applied to the antigenic idepspots
adsorbed on the methanol-treated PVDF membrane. rébelts showed that pre-
incubation of antigenic peptide can block the imoraactivity of antiserum in a dose-

dependent manner, indicating that our antiseruspéxific to peptide epitope of GASP-

29



1, identified by 2D-HPLE. Non-immunized serum wagpléed as a control to exclude

any non-specific signals resulting from serum congoas.

In order to make our competitive ELISA assay maestive, IgG was purified
from anti-GASP-1 antisera by protein A/G, and wakdd to biotin using a biotinylation
kit from Pierce. The resulting biotinylated antilyodas characterized by doing dot blot
experiments (Figure 4B). Three different proteamgples were spotted on methanol-
treated PVDF membranes: 1mg/ml BSA solution, 1ImgBAISP-1 antigenic peptide,
and cell lysate (3mg/ml) of MDA-MB-231 breast canaell line. The horse-radish
peroxidase (HRP) linked streptavidin was applieddtect the biotinylatedantibody.The
results showed that BSA does not have immunoragctivith biotinylated antibody.
Both antigenic peptide and breast cancer cell ¢ystow strong immunoreactivity,
indicating biotinylated anti-GASP-1 antibody spemfly targets the peptide epitope of
GASP-1. Taken together, these two dot blots vadiahe specificity of biotinylated
antibody against GASP-1 epitope (a.a. 850-865),thnd this antibody was used in the

following ELISA experiments.

To further validate the specificity of GASP-1 aetism for western blot
application, MDA-MB-231 cell lysate was analyzed blpcking peptide absorption
assay by using multichannel western blot chambeleasribed in materials and methods.
Addition of blocking peptide completely abolishdtketbands showed in the GASP-1
antiserum lane, indicating all of those bands domg GASP-1 antigenic peptide
fragment. Secondary antibody control and contr@ lgnes did not show any bands,
excluding the possibility of non-specific bandsulesd from IgG non-specific binding

(Figure 4C).
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Figure 4. Characterize the biotinylated antibody) (Blocking peptide
experiment. Antiserum was first incubated with elifént volume of 1 mg/mi
antigenic peptide and applied to antigenic pepsipet on the membrane. Non-
immunized serum is the control. (B) Dot blot of BS#&ntigenic peptide, and
MDA-MB-231 breast cancer cell lysate. Biotinylatedtibody was detected by
HRP linked streptavidin. (C) MDA-MB-231 cell lysatwas analyzed by
indicated antibodies. A multi-channel western bamber was used. The red
background between the two lanesisresulted froimt sgaling by the chamber.

Green color is the beta-actin.
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3.1.2 Checker Board Titration and optimal analyarsye

| characterized the best combination of antibodytidin and the amount of antigenic
peptide immobilized on the ELISA microplate.The gext steps of ELISA are in Figure
5A. Figure 5B showed a sample standard curve ofpetitive ELISA. The Ong/ml
peptide had the highest signal, while the 32ng/eptide had the lowest signal. The
larger the absorbance range, the more sensitivendgthod will be. To get the largest
absorbance range, the first point of the standardec(Ong/ml) should be as high as
possible. According to the measurement range ospleetrophotometer, | preferred the
absorbance (450nm) to be approximately equals @o There were two factors that
controlled the absorbance (450nm) of the first pdime antibody concentration and the
amount of the peptide immobilized on the ELISA romate. Therefore, | modified
these two factors to acquire the highest signatHerfirst point of the standard curve.A
checker board titration was performed (Figure 5&)serial dilution of biotinylated
antibody was applied into microplate wells that teamed different amounts of
immobilized antigenic peptides. After incubatiome tmicroplate-bound biotinylated
antibody was detected by HRP linked streptavidit tien TMB system. Absorbance at
450nm was measured. A series of graphs was créegtptbtting absorbance 450nm vs.
antibody dilution factors. Each amount of immolelizantigenic peptide had a separate
curve (Figure6). The higher the antibody dilutiactbr is, the lower the absorbance is at
450nm. The less the immobilized peptide, the sm#ille absorbance 450nm values were
and the sharper the curve was. | picked up altpodn the curve that give a 450nm
absorbance of 1.000, and extrapolated their respecbmbinations of antibody dilution

factors and amount of immobilized antigenic pefside
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Figure 5.The strategy of developing competitive ELISA. (Mpw chart of
competitive ELISA. (B) A sample of standard curve of comipeti ELISA. (C)
checker board titration. The black triangles representsradsing antibody
concentration and decreasing immobilized peptide amousspectively.
(D)Identifying the best analysis range. The numbers on #iiei$ the antigenic
peptide (ng/ml) in the standard curve. The numbers on the rémpesents the

combinations of immobilized peptide amounts and antibatlyidn factors.
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Figure 6. Checker board titration is applied to fiodt the best antibody
concentration and amount of immobilized antigereptie. Antibody was
incubated with antigen-coated microplate for 1.5 daveloped by HRP-
streptavidin and TMB system. Absorbance vs. differantibody dilution

factors were plotted for each peptide amount. Anylmoation of antibody

and antigen that gave an absorbance of 1.0 was selected.

The best analysis range for the standard curveles identified. As shown in Figure
5B, the first point in the standard curve was clasg.0. In order to make the absorbance
range as wide as possible, | also had to try althef antibody-peptide combinations
acquired from checker board titrationon the saraedsrd curve (Figure 5D).1 wanted to
find out the combination that gave out the largésbaance range (450nm).As is shown
in the Figure7A, 12.5ng/well immobilized antigenicppfde on the microplate, with
1:25,000 dilution factor of biotinylated antibodyavg the highest absorbance range
(from 0.15 to 0.8). Therefore, this combination of lamdly dilution factor and amount of

immobilized antigenic peptide was applied to future ELESsays. The final standard
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Figure 7. Determine the optimum analysis range. Sik)combinations that
gave an absorbance 450nm of 1.000 were used toagerstandard curves.
The resulting curves were plotted on a graph. Tieethat gave the largest
Absorbance range is the best curve for future exmarns. (B) A

representative standard curve. All points are in t@pés.
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curve was shown in Figure7B.This standard curvepea®rmed for ELISA to calculate
all the samples tested within the same experimerthat the influence of environmental

factors such as temperature and humidity were eliminated

3.1.3 Detect GASP-1 epitope level in sera from cancer psi@a controls.

The final step is to quantify the GASP-1 epitopeelden the sera of cancer patientsand
normal controls. The ELISA method was performed tardify the GASP-1 epitope
level as follows:12.5ng antigenic peptide was imriodd in each well of the ELISA
microplate, and 1:25,000 dilution factor of biotingd antibody was applied. A standard
curve was performed for eachexperiment. Serum sanipen various types of cancer
were analyzed, including brain cancer, breast caruag cancer and liver cancer.
GASP-1 epitope levels were calculated accordinthéostandard curve. The resulting
values were plotted in the graph (Figure 8). Medialnes and P values were calculated
by the computer software Graphpad. The results sthofnat normal control serum had a
low level of GASP-1 epitope. In comparison, all cangges had significantly higher
levels of GASP-1 epitope, and their values were lamtio each other. This result
suggested that GASP-1 is over-expressed in theaderancer patients, but not normal
controls. GASP-1 is not a breast cancer specifikaerabut might be a potential general
cancer marker for multiple cancer types. To validé#®&SP-1 as a potential cancer
marker, not just a marker for any kind of diseaseyu® samples from cirrhosis patients
were also tested. Interestingly, GASP-1 epitope levéie sera of cirrhosis patients was
similar to normal controls, and was significantlykr than the level in liver cancer

patients. This result indicated that GASP-1 was r@cea marker, not just a general
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disease marker. Taken together, | validated théipegorrelation between GASP-1 and

cancer.

GASP-1 is over-expressed in cancer patients as a@mdpo normal control and other
non-cancerous disease types, and has the potenbatbme a general cancer marker in

clinical applications.
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Figure 8. GASP-1 is over-expressed in the sera of cancentzati
Competitive ELISA was performed to test serum samplearafer patients,
non-cancerous patients, and normal controls. The resukings were
plotted. Median and P values were calculated by computevasef

Graphpad.
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3.2 GASP-1 peptides containing the epitope discavéne 2D-HPLE is more highly

expressed in cancer cells than in normal cells.

GASP-1 epitope has a higher level in cancer pasierd, but | don't know its expression
level inside the cell. If | hypothesize GASP-1 prdaesotumorigenesis, then it will be
natural to predict GASP-1 has a higher expressomllintracellularly in cancer cells
rather than normal controls. Therefore, | tested BAS expression levels by
immunohistochemistry in tumor tissue specimens froamcer patients and normal

tissues from controls.

3.2.1 GASP-1 is over-expressed in tissue specimens of begasr patient

GASP-1 was first detected in breast cancer seruB¥PLE, therefore | tested tissue
specimens of breast cancer patients. Immunohistdastrgrvas applied by using GASP-
1 antisera to determine GASP-1 intracellular levEissue specimens were bought from
US Biomax. Many tiny biopsies from cancer and nortisalue were immobilized on the
same glass slide, and were arranged in an arrayadVantage of tissue specimen arrays
was that all samples was incubated, stained, anetitasthe same time, so that the inter-
experimental variation was eliminated. A disadvaataftissue arrays is that only a very
small section of tissue is sampled. The stainedeslivere analyzed by a Temple
University pathologist, Dr. Xinmin Zhang, and a scogpresenting stain intensity was
given to each samples. The scale of the score was @rto 3. The results showed that
normal tissues had very little staining or no stagnBenign breast cancer had moderate
staining. Cancer samples as a whole had the higaisting intensity. The P value

showed that the differences among them were stafigt significant (Figure9). The
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result suggested that GASP-1 epitope had a higkmression level in cancer cells as
compared to normal and benign tumor.Benign tumaroissidered as a non-metastasis
tumor, which occurs very early in the breast capcegression. The detection of GASP-
1 in benign tumor indicated GASP-1 might becomeesy\early cancer marker in the
clinical diagnostic process in the future. Accoglio the sample information provided
from the biological company, samples were groupéol ADH/DCIS (ductal carcinoma
in situ), stage 1, stage 2 and stage 3 (Figure9).edery no significant differences were
found among them, indicating GASP-1 levels could dstinguish different cancer
stages, but that fact GASP-1 was highly express&DiH/DCIS, an early stage tumor,

suggests that it may be an important early stage canckema

Representative pictures of immunohistochemistryingtg GASP-1 are shown in
Figurel0. Normal ducts showed little or no staira@ll. In cancer specimens, GASP-1
staining is confined in cancer cells only. Ductatca@gomain situshowed clustered
cancer cells (Figure 10A). Breast cancer does na&d@ at this stage. Invasive ductal
carcinoma is later stages of breast cancer. Canglés started to invade into the
surrounding tissue, and thus showed scattered sgaafiinvaded cancer cells (Figurel0
B and C). Taken together, GASP-1 intracellular exgogslevel positively correlates
with breast cancer, and might have the potentiletmbme a new cancer marker, which
can diagnose breast cancer in very early stagds aa®CIS. However, its expression

level may not reflect the later stages of breast cancgrgssion.

Hyperplasia is another early stage of breast carteas characterized by increased
proliferation of epithelial cells, and has been td&ied as a pre-cancerous stage. In

order to compare the GASP-1 expression level betvigperplasia and other stages, |
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grouped samples in benign, hyperplasia, and carcinobha result showed that
hyperplasia has a GASP-1 level as high as carcin@nd is higher than benign,

indicating GASP-1 may influence cell proliferation (Figu1A).

Triple negative breast cancer is hard to cure m#udoesn't have hormone receptor
and HER2 receptor, making hormone receptor treatraedt monoclonal antibody

treatment ineffective. Does GASP-1 correlated wiipld negative breast cancer cells?
To answer this question, | grouped samples in lberIS and triple negative breast
cancer. The result shows that GASP-1 expressiorelates with triple negative breast

cancer (figure 11B).

In summary, GASP-1 is over-expressed in the breastar cells by immunostaining the
tissue specimens of breast cancer patients. Itsegsipn is as early as DCIS and
hyperplasia, indicating GASP-1 might become an earfrker of breast cancer. Its
intracellular over-expression also suggested thaSiB1 may play a role in breast
cancer cell proliferation and metastasis, and thighttbecome a novel target for the

development of therapeutic strategies.
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Figure 9. GASP-1 is over-expressed in breast cacelés of
tissue specimens. Immunohistochemistry was perforoed
analyze the GASP-1 expression in breast cancertisamples
and normal controls. N is the number of samples. daiah
deviation and p values were calculated by compsiémwvare

Graphpad.
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Figure 10. A typical immunohistochemistry picturassshown. (A)

DCIS (B and C) invasive ductal carcinoma. (D) normal duct.
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Figure 11. GASP-1 did not correlate with hyperplasiad triple
negative breast cancer. Immunostained slides wengygd to compare
hyperplasia (A) and triple negative breast canB3rwith normal and

other stages. N is the number of the specimens analyzed.
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3.2.2 GASP-1 is over-expressed in pancreatic cancer aimddancer

Since GASP-1 was shown to be over-expressed irstoceacer cells, | wanted to know
whether GASP-1 was over-expressed in cells of otlaerccer types. Tissue arrays of
pancreatic cancer and brain cancer were bought fileimlogical companies.
Immunohistochemistry was performed to detect GAS®&+éls in these cancer cells. The
results showed that GASP-1 has a higher stainitepsity in pancreatic cancer cells.
Interestingly, hyperplasia/inflammation has a higl@ASP-1 level than later stage
cancer, indicating GASP-1 could become an early eran@arker for pancreatic cancer
(Figure 12A). GASP-1 was over-expressed in all stagjeorain cancer. Glioma stage 2
has a smaller staining intensity than later stagedicating GASP-1 level increases
during cancer progression (Figurel2B). Several glgpcctures of immunohistochemical
staining are shown in Figure 13. In the picturesh lp@ncreatic cancer and brain cancer
has a higher staining intensity than normal costrahd normal controls hardly had any
staining. These results suggests that GASP-1 hagharhexpression level in pancreatic
cancer and brain cancer cells at very early stagebthus could become an early cancer

marker for multiple cancer types.

In this chapter, | quantified the GASP-1 epitope serwmlseand intracellular expression
levels in clinical samples. In conclusion, | valigihtthat GASP-1 is over-expressed in
tumors from cancer patients compared to normalrotmtGASP-1 could become a new
cancer marker for several cancer types includiminbtung, liver, breast and pancreatic

cancer.
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Figurel2. GASP-1 is overexpressed in pancreaticeraand brain cancer.
Immunohistochemistry analysis was performed amoagcreatic cancer (A)
and brain cancer (B) arrays. The staining intensity was ¢eome plotted on the

graph. P values were calculated by computer software @adph
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3.3 GASP-1 PromotedTumorigenesis in MDA-MB-231 breasteacells.

3.3.1 Establish MDA-MB-231 cell clones that stably over-Arekpress GASP-1.

Clinical sera and tissue specimen samples shows@A&P-1 expression level had a
positive correlation with breast cancer. This catieh began at very early stages of the
cancer progression, indicating GASP-1 may play a nolbreast cancer tumorigenesis.
Therefore, | propose that GASP-1 promotestumorigisnan breast cancer cells. To
prove this hypothesis, MDA-MB-231 breast cancerscelere transfected with either
SshRNA against GASP-1 (shGASP-1), or plasmidsencofliigength GASP-1. The
controls were scrambled shRNA and empty plasmighees/ely. Cells were selected by
0.6ug/ml puromycin for 2-3 weeks. Two clones wereedeld from GASP-1 over-
expressed cells by limiting serial dilutions in @&l tissue culture plates. GASP-1
under-expressing clones could not be maintainegelothan several weeks. They either
died out or restored GASP-1 expression as meadwyeRT-PCR assays. This time
period was not long enough to select single celes. Therefore, single cell cloneswere
not selected from shGASP-1 clones. Instead, heteemus cellsafter selection in
puromycinwereevaluated in the following experimen®RNA level of GASP-1 was
tested by RT-PCR and RT-gPCR. 3 polyclones contgimifferent shRNA against
GASP-1 were compared. Two GASP-1 over-expressedesiogl clones were also
tested. The results are shown in the Figure 14A. Rlmragarose gel, ShRNA number
30 (shGASP-1_30) did not down-regulate GASP-1. shRiWAber 29 (shGASP-1_29)
and 32 (shGASP-1_32) showed a down-regulation o8BA. GASP-1 clone number 3
(pGASP-1_3) and 9 (pGASP-1_9) have shows obviows-expression of GASP-1 as

compared to their vector control.
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In the gPCR result, shGASP-1_30 did not down-regul&ASP-1 (Figure 14B).
shGASP-1 29 and 32 showed down-regulation, but SHFGAS32 showed more down-
regulation than shGASP-1 29. pGASP-1 3 and 9 botwetl over-expression of

GASP-1.

Since mMRNA does not necessarily translate intoemptl performed western blot
analysis to detect GASP-1 protein levels from the celtégsaf these clones (Figure 15).
Band intensity was calculated by densitometry safénand listed below the picture. The
results showed that shGASP-1 32 has the best deguiation efficiency. Both
pPpGASP-1_3 and pGASP-1_9 had a higher GASP-1 expressvel than their empty

vector control.

Taken together, sShGASP-1_32 (shorted as shGASRHeifollowing results), pGASP-

1 3 and 9 were evaluated in the following experiments thiglr respective controls.
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Figure 14. GASP-1 was down-regulated in shGASP-hedoand is
over-expressed in pGASP-1_3 and 9 clones. MDA-MB-28é&ast
cancer cells were stably transfected with shRNAregaGASP-1 and
plasmid over-expressing GASP-1. After antibiotic es&bn,
monoclones pGASP-1 3 and 9 were isolated. GASP-1 AMRN
transcriptional level was measured by RT-PCR (AJ RT-gPCR (B).

The standard deviation represents triplicates in RT-gPCR.
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9 3 vector 32 30 29 schetrl WT
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Figure 15. GASP-1 modification was confirmed by west
blot. 20ug cell lysates were loaded on the gel. Teansas
performed at 40V, 4°C overnight. GASP-1 was detebted
anti-GASP-1 antibody and then secondary antibodytuRs
was scanned and analyzed by LICOR computer software

Normalized band density was listed below the picture.
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3.3.2 Down-regulation of GASP-1 decreased the celifpration rate in MDA-MB-231

Cells

Unlimited cell proliferation is a characteristic @dncer cells. Does GASP-1 regulate cell
proliferation in breast cancer cells? To answer this ques¥ITS cell proliferation assay
was applied on the established stable cell cloAdsorbance at490nm was taken at day
0, 2, 4, 6, and 8. The result showed that down-regulaticGASP-1 decreased the cell
proliferation (Figure 16). ShGASP-1 clone stop grayvafter day 4. Under microscope,
they showed a lot of cell death. Over-expressioGASP-1 did not influence the cell
proliferation rate. Their doubling time is the saasethe vector control. These results
suggested that GASP-1 may maintain the cell pralifen in MDA-MB-231 cells, while

over-expression of GASP-1 might not increase the cellfpration rate any further.

3.3.3 Down-regulation of GASP-1 decreases the migratienmavB231 cells

Another characteristic of cancer cells is the capaxf the cells to invade surrounding
tissues from the primary tumor, finally migrating tanother part of the body and
colonizing distant organs. Since our hypothesis teg GASP-1 is a tumorigenic
promoter, | predict that GASP-1 would positivel\guéate breast cancer cell migration
ability. Therefore, | tested the migration of outaddished stable cell clones. Boyden

chamber chemotaxis assay and wound healing migratsaty agere performed.

In Boyden chamber chemotaxis assay, 10% FCS wasass@t chemoattractant and 3h
incubation period was applied. The results showedt tthGASP-1 clone had
significantly decreased cell migration ability asmpared to scrambled control in

response to 10% FCS. pGASP-1_3 and 9 had significantlyeisedecell migration
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Figure 16. Down-regulation of GASP-1 decreased d¢k#
proliferation rate in MDA-MB-231 cells. 2000 cellseve
plated in 96 well plates with 100ul DMEM completedia.

20ul MTS reagent was added and absorbance 450nm was
measured by spectrophotometer. Continue measuremoents
day 0, 2, 4, 6 and 8. The resulted readings were glagainst

days. Standard deviation represents triplicate expergment
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ability as compared to empty vector control in mse to 10% FCS (Figure 17). This
result suggested that GASP-1 positively regulated theatog ability of MDA-MB-231

breast cancer cells under the chemotaxis conditions @isteey.

In wound healing assay, shGASP-1 clone showed eedee in migration distance as
compared to scrambled control.pGASP-1_3 and 9 hlagigar migration distance than
empty vector control (Figure 18). This result ilkaéed that GASP-1 positively regulates
migration ability of MDA-MB-231 breast cancer cellsnder the non-chemotaxis

conditions of this assay.

Taken together, these different experiments sugipest GASP-1 positively regulates
cell migration ability and invasiveness, and may @aole in breast cancer invasion and

metastasis.

3.3.4 Down-regulation of GASP-1 in MDA-MB-231 Celle€reased the Number and
the Size of Colonies in Soft Agar Assay

The MTS assay was used to measure the cell patiiberrate when cells were grown on
a flat surface. However, this is not the physiologaandition where cancer cells grow
into a 3-dimentional tumor and are contacted witlrainding connective tissues.
Therefore, soft agar assay was performed to measureer cell growth. In soft agar
assay, cancer cells will be disseminated into sirgg#s, and suspended in a 3-
dimentional agarose matrix. Cells will then growaif3-dimentional manner, into sphere
like colonies. There are two advantages of soft .afénst, it better mimics the
physiological condition than the MTS assay. Secsolt,agar assay not only tests tumor

growth in single colonies (the size of the colonies), butgilges out the information of
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GASP-1 positively regulated cell migration in MB231 cells (Boyden Chamber Assay)
(A) (B)

[~
(=]
g

150+

-

L4

o
L

1004
1004

(4]
o
Il
o
o
1

Average Migrated Cells in 5 views
Average Migrated Cells in 5 views

D T T D-
I N L
& "oQ' & ;\? '\?
N ¥ © R R
& © s s
& © o
Q Q

Figure 17. GASP-1 positively regulates the migratadbility of MDA-MB-

231 breast cancer cells in the Boyden chamber tiograssay. 100,000
cells were plated in the upper well of the cham@ére upper well was
tissue culture compatible, and no protein coating peformed. 10% FCS
was applied in the bottom well as a chemoattractant. Cellsinmeubated at
37°C for 3h. Cells were fixedwithGlutaraldehydel atained with crystal
violet.Non-migrated cells were removed by swabbimg tpper surface of
the insert. Migrated cells were counted in 5 fiedls200 x magnification.

Standard deviation was calculated from the number of iceflse 5 fields.
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GASP-1 positively regulated cell migration in MB231 cells
(cell scratch assay)
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Figure 18. GASP-1 positively regulates the migmatability of
MDA-MB-231 breast cancer cells in a wound healingsay.
300,000 cells were plated in wells of 6 well plat€ells were
allowed to attach for 4h, and the monolayer waatshed by a 1
ml pipet tip. Media was replaced with fresh mediarémove
detached cells. Cultures were then incubated foh2#®ictures
were taken at 4 h and 24 h. The width of the scrath measured
by a ruler and the relative migration rate was waked as initial

width minus final width.
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how many colonies can be formed (the number otthenies), indicating the number of
cells that have the ability to grow into a colon@0R cells were plated into one well of a
6-well plate, so that the cells were scattered ghoto prevent the merging of
neighboring colonies. Triplicates were performed fohezadl clone. Colony growth was

allowed to develop after 15 days of incubation.

For the colony number, the results showed that sH&ASIone had a decreased colony
number as compared to scrambled control. pGASP-hd39ahad a slightly increased

colony number compared to vector control and wyidet (Figure 19A). These results

suggested that down-regulation of GASP-1 decredisechumber of cells that could

form a colony, but over-expression of GASP-1 did marease the colony number

dramatically, indicating GASP-1 is required for #t@dony formation of MDA-MB-231

breast cancer cells.

For the colony size, the pictures were taken touatal the size of the colonies. The
results showed that shGASP-1 clones had very btilenies, and these colonies had a
very small size as compared to all other cells (Figurg.J@BASP-1_3and 9 had regular
colony size just as the vector control. These resuggested that GASP-1 is required

for the colony growth.

In this chapter, | showed that GASP-1 positivelgulated cell migration and invasion.
For cell proliferation and soft agar colony formation, GASgeems only to maintain the
ability of cells to grow and form colonies. Thesesuiés suggested that GASP-1
contribute to breast cancer tumorigenesis, which rbayrelated to breast cancer

pathogenesis and disease progression.
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Down-regulation of GASP-1 in MDA-MB-231 cells decreased
the number of colonies in soft agar assay
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Figure 19. Inhibition of GASP-1 decreased the nundbe¢he colony formed
in the soft agar assay. Stable cell clones wereglm 0.35% soft agarose,
on top of the 0.5% soft agar, in 6 well plates. 13 days later, thberurhthe
colonies was counted (A) and the size of the celmvas compared in the

picture (B). Error bars represent triplicate parallel expents.
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3.4 IDENTIFY THE SIGNALING PATHWAYS MEDIATED BY GASPl1 IN

BREAST CANCER CELL3N VITRO.

3.4.1 Epithelial to Mesenchymal Transition (EMT)

There are 3 reasons that made us decide to test iaskers in MDA-MB-231 breast
cancer cells that stably over-/under-express GASPHEt of all, EMT markers are
involved in tumorigenesis and are regulated by many camgpealing pathways. Second,
MDA-MB-231 cells that stably under-express GASP-hows decreased cell
proliferation, migration, and soft agar colony forioatability, indicating EMT markers
may be inhibited.Colony formation ability in softaaghas been shown to be related to
cancer stem cell formation. For example, ESA+/PROCS8&s, characterized as cancer
stem cells, generated more colonies in soft agsayd$ CD133+ cells, Another cancer
stem cell marker, positively correlated with coldoymation in soft agar®>.Whether or
not EMT and cancer stem cells influence colony fatron in soft agar and proliferation
in MDA-MB-231 breast cancer cells havenot been rgabFinally, MDA-MB-231 cells
that stably under-express GASP-1 cannot be magdain tissue culture conditions
longer than several weeks. The cells died out urtlesSGASP-1 expression reversed
back to normal level, indicating cell self-renewalligy is impaired and EMT markers
are inhibited. Therefore, mRNA level of EMT trangtional factors, including snail,
slug and ZEB2, were evaluated by RT-gPCR and furtlaéidated by western blot.
These experiments will tell us whether EMT transtoon factors are regulated by
GASP-1.Vimentin and N-cadherin are markers of tlesenchymal cell state. RT-gPCR
analysis for these markers will tell us whetherwythee regulated by EMT. Western blot

analysis will tell us whether they are regulated arpost-translational level. These
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experiments will provide evidence whether GASP-In gwomote mesenchymal
characteristics in MDA-MB-231 breast cancer cellsidbwer, since EMT has the ability
to generate cancer stem céfld wanted to evaluate the proportion of cancer stelin
MDA-MB-231 cells that stably over-/under-express &Al. CD44, a cell surface
molecule, is used as a cancer stem cell markersltbban reported that CD44+ breast
cancer cells can colonize and grow into a tumaeraftjecting into mice, while CD44-
cells cannof*, suggesting CD44+ cells have the self-renewal tglaind thus comprise
the cancer stem cell subpopulation in breast cafderefore, the proportion of CD44+
cells in MDA-MB-231 cells that stably over-/undetpeess GASP-1 were evaluated by
flow cytometry and compared to the control. Theseeexents will tell us whether the

EMT markers influenced by GASP-1 will influence cancer stethformation.

We first used RT-PCR to test the mRNA level of thésMT markers. The results
showed that slug mRNA level decreased in sShGASEH$, dut not in pGASP-1 cells
(Figure 20). N-Cadherin mRNA decreased in GASP-1r-expression clones. Other
EMT markers were not influenced atthe mRNA levelg@fe 20). These results
suggested that GASP-1 maintained slug mRNA levdl dearease N-Cadherin mRNA

level.

Since mMRNA levels do not always correlate with protevels, | also used western blot
to verify the expression level of slug (snail lesselere too low to be detected by western
blot) (Figure 21A). The results showed that shGAS#kd no bands of slug, indicating a
decrease of slug protein level. pGASP-1_3 and 9esl@mowed no differences between
vector control, suggesting slug is not further ugafated by GASP-1 over-expression.

Therefore, GASP-1 maintains slug expression leviss result is consistent with cell
60



proliferation assay and soft agar assay, suggestiagslug may play a role in cell

growth in breast cancer cells.

Vimentin and N-cadherin are mesenchymal markersrefbee, | tested their protein
levels in case any post-translational modificatiossurred, which made the cell more
mesenchymal. The results showed that vimentin ammdditerin showed no difference
among the clones according to western blot regkigure 21B and C), indicating no
post-translational modifications occurred. The sapithelial characteristics were not

changed.

Since EMT markers have the ability to increase eastem cell formation, | evaluated
the proportion of cancer stem cell (CD44+ cells)alh stable cell clones by flow
cytometry. The results showed that shGASP-1 pGASP-and 9 had the same
percentage of CD44+ cells as their respective otménd wild type MDA-MB-231 cells

(Figure 21D).

3.4.2 NKB signaling pathway

NF«B positively correlated with breast cancer incidenand malignancy. N&B
activation had been proven to be a required faébor breast cancer in animal
experiments anth vitro tissue culture experiments (See the introduction). Inrdodiest
NFxB activation, | performed luciferase assay and wediot assay. Luciferase signal
increased in GASP-1 over-expression cells, whilgy avith a slight reduce in GASP-1
under-expression cells. TNRreatment does not enlarge the differences (Figavws).
phospho-NkB p65 (Ser 536) increased in GASP-1 over-expresséails, but not in

GASP-1 under-expression cells. hB-total expression level had no differences among
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Figure 20. GASP-1 maintains slug mRNA, and decreds&ahdherin mRNA
level in MDA-MB-231 breast cancer cells. RT-gPCR lgsia was performed
to test EMT markers at the mRNA level. 1.5ug RNA wagrse transcribed
into cDNA in a 25ul system. 1ul cDNA samples wasadtte a 20ul PCR
system. Tm is listed in table 2. 45 cycles was agpl&ingle detection of
syber green | was designed at the extension stepreBult was calculated by
computer software of the ROCHE Lightcycler 480, gsimasic relative

guantification method. STDEV was calculated from tripgkocaxperiments.
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Figure 21. GASP-1 maintained slug protein expresdiom N-cadherin and
vimentin protein levels did not change. Westerrt hlwalysis was performed
on (A) slug, (B) N-cadherin and (C) vimentin. 20ugivtetal cell lysate was
loaded. Beta-actin was applied as loading cont®)|.GD44+ cell population
was not changed by modification of GASP-1 in MDA-MB1 breast cancer
cells. 500,000 cells were fixed and stained by ab#€ antibody. CD44+
cells were detected by flow cytometry. The same eotration of isotype

control was applied as a negative control.
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cells (Figure 22B). These results suggested that RSASncreased NB activation.
However, down-regulation of GASP-1 did not changecBlRactivation level, possibly

due to other complementary signaling in breast cancer cells

3.4.3 Src signaling pathway

Src promote proliferation, survival, migration, andgi@genesis in cancer. Its over-
expression and hyper-activation had been repomednany cancer types. Src also
increased bone metastasis in animal models (Semludtion). Phosphorylation at Tyr
530 inhibited src activity, while phosphorylationTatr 419 increased its activity. To test
whether src activity is regulated by GASP-1, | performedavadlot on phosphor-src at
both Tyr 419 and Tyr 530. GASP-1 inversely regulaigd 530, but did not change Tyr
419 level (Figure 23), indicating GASP-1 may cdmite src activation through

decreasing inhibitory src phosphorylation.
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Figure 22. NkB activity increased in GASP-1 over-expressionscell
(A) Luciferase Assay was performed to testdBFactivity. Adenovirus
was used as the vector. Luciferase was driven byragter for NikB.
After 6-8h of infection (MOI=50), cells were treatedth/without
TNF-alpha (10ng/ml) overnight. Luciferase signal wasasure the
following day and was normalized to cell titer a4 replicates were
performed in each experiment. (B) western blot wagopmed to test
total NFB level and phospho-NdB (Ser536) level. Beta-actin was

used as loading control.
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3.4.4 G-protein coupled receptor 30 (GPR30)

GPR30 is an estrogen receptor. It had been hypattedb be the complementary
estrogen receptor in estrogen receptor (ER) negatigast cancer, and had been proven
to regulate ERK phosphorylation through EGFR depahd mechanism (See
introduction). To test whether GPR30 is regulateds®ySP-1, | perform western blot on
GPR30 protein level among stable cells. GPR30 prdésiel increased in GASP-1 over-
expression cells, but did not change in GASP-1 uedpression cells. Interestingly,
both 30kDa and 60kDa bands showed up in pGASP4§, aablicating GASP-1 may

increase the de novo translation of GPR30, so thagh@osylated GPR30 accumulated

in the cells (Figure 24).

In summary, | tested the expression level of EMTkai, NkB activity phosphor-src,
and GPR30. RT-gPCR and western blot analysis coesltitht GASP-1 maintained slug
expression, increase NB activity and GPR30 expression level, while decetse

inhibitory phosphor-src (Tyr 530), which possiblyntabutes to tumorigenesis in breast

cancer cells.
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CHAPTER 4: GENERAL DISCUSSION AND POTENTIAL FUTURE DIRHIONS

GASP-1 was first identified and characterized asgulator protein targeting G-protein
coupled receptors. However, Dr Chang's discovereagximession in sera of breast
cancer patients. Because of this positive correlatlobring up the hypothesis that
GASP-1 may have a contribution to breast cancerotiganesis. BothELISA and
immunohistochemistry studies in this thesis denrateti that GASP-1 positively
correlate with breast cancer and other cancer typbs strong positive correlation
indicated that GASP-1 had a potential to becomeew pancer marker in clinical
diagnoses. Thin vitro tissue culture studies demonstrated that GASPaltusnorigenic

promoter, contributing to breast cancer cell preodifen, migration, invasion and colony
formation. The signaling pathway analysis revealed EMT transcriptional factor slug
may be involved in promoting tumorigenesis. For fingt time, our work discovered
GASP-1 over-expression in breast cancer patientscrildng its potential clinical

application, its role in breast cancer tumorigenesis, angslpe signaling mediator.

We want to validate the positive correlation betwe8ASP-1 expression level and
cancer. Therefore, | tested serum samples by ELI®4 #ssue specimens by
immunohistochemistry. The results suggested thdah BBASP-1 serum level and
intracellular expression is high in breast cancdrgnts and other cancer patients. This
result suggested a new diagnostic methods, whichhtmigg more efficient and
economical advantageous than current methods. Xaaymogram and clinical breast
exam are the current method to detect new breastecaHowever, these methods
cannot detect tumor until the tumor size is langeugh to be seen or touched. Only 20%

of the diagnosed breast cancer could be discousgtate cancer cells began to invade.
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On the contrary, GASP-1 epitope could be detectezhdyg as benign tumor and ductal
carcinomain situ, both of those are stages when cancer cells didbegih to invade.

These results indicated its potential to becomeearly cancer marker in clinical

diagnostic processes. It is also a convenient detgnmethod. People may just take
bloodtestannually, followed by ELISA analysis, andtviar the result of GASP-1 level.

It is much better than having an X-ray mammograrargwear. Taking blood and do
ELISA will be an economical way for patients, SinE&ISA need less expensive
equipments as mammogram. In the future, more thancaneer marker can be used
together with GASP-1 to make diagnoses more acgldterent cancer markers may
even give the information to distinguish canceres/pgFurthermore, IHC staining showed
a high specificity to cancer cells. If the specimbéase to be taken for further testing,
GASP-1 staining could be another accurate indicatmwing the presence of breast

cancer cells.

For serum samples, | don’t have detailed inforrmatibstages. Therefore, | do not know
the correlation between breast cancer stages ar8PGAserum level. IHC shows no
change of GASP-1 level. However, intracellular ledeés not necessarily mean serum
level. Factors such as half life, enzyme digestionret®n, and carrier protein would

contribute to the serum level. Does GASP-1 serural legrrelate with stages? Further
study is needed by using much more detailed chenaet serum samples, especially

with stage information.

From the IHC staining and serum ELISA, GASP-1 isifpedy correlate with a number
ofcancer types. Therefore, | hypothesized that GASP-a tumorigenic promoter in

breast cancer. Tissue culture studies showed th&RaA promoted cell migration and
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invasion, and contributed to cell proliferation asadony formation, indicating GASP-1
iIs a tumorigenic promoter. These GASP-1 mediatedtioms might facilitate breast
cancer tumorigenesis and progression. GASP-1 is-exfmessed at early stages of
breast cancer (for example, stage 0, also callecadoatcinoman situ). In this stage,
breast cancer cells formed a primary tumor at thetad epithelium, but cancer cells are
restricted with in the primary tumor. They do notade to the surrounding tissue. If the
primary tumor is cut away by surgery and no cawcedls are left, the cancer is cured. At
this stage, GASP-1 maintains cancer cell proliferato sustain tumor growth. At later
stages, GASP-1 also increased the migration arasion of breast cancer cells so that
the cancer cells candisseminate from primary tuamglinvade to the surrounding tissue,

getting into the lymph nodes and blood, migrate to other patte body.

Down-regulation of GASP-1 makes breast cancer ¢eltsl to be maintained in tissue
culture condition for long period of time, indicagithe self-renew ability is impaired.
Because of this phenomenon, | decided to study EMmstriptional markers. EMT
markers have the ability to regulate cell prolifema, migration, invasion, and colony
formation in breast cancer and other cancer typesorling to my results, these effects
are also mediated by GASP-1, indicating there mastdme link between GASP-1 and
EMT markers.Furthermore, many cancer-related signglatigways target EMT markers,
such as c-Src, p53, ERK, etc. As a consequencdgetitdsee EMT markers expression by
RT-PCR and western blot. GASP-1 positively regulasegil, and maintains slug
expression, but did not change the CD44+ cell pdiomaTherefore, GASP-1 mediated
tumorigenesis might involve snail, slug, and sigrafiathways other than breast cancer

stem cell formation, and do not need to increasEMIT markers. Similar discoveries in
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the literature supported this conclusion. For examipypoxia, resulted from low oxygen
tissue culture conditions only increased snail eelll migration, but do not increased
vimentin and N-cadherin protein lev&l Furthermore, slug itself positively regulate
breast cancer cell tumorigenesis. For example, d®agulation of slug decreases cell
migration, invasion, and lung metastasis (in vivoMB231 cells®. In MCF-7 breast

cancer cells, p53 abolished EMT and cell invasivenkesough down-regulation of Slug
2’ On the other hand, GASP-1 also regulatecBlRctivity, src phosphorylation, and
GPR30, indicating GASP-1 influenced more than omaotigenic signaling, making

GASP-1 a good potential therapeutic target in the future.

The down-regulation of GASP-1 was accomplished fandfecting plasmid. One
limitation on the plasmid based down-regulation rirdluence the percentage of down-
regulating cells. Integration site on the plasmidhas certain. Plasmid can break at any
site to integrate into the host genome. If the byeaikt happens in the shRNA sequence,
the integrated host cells will not show RNA inteirig, but still have GFP and antibiotic
resistance. If the down-regulation decreased tHeviaddility, for example GASP-1, then
the GFP+/antibiotic resistant cells without dowgtration will overgrow and finally,
the whole population will lose the down-regulaticimaracteristics. Using lentivirus may
avoid this problem. Lentivirus will integrate thrdugredictable site on its genome,

excluding the possibility of losing shRNA.

In conclusion, GASP-1 is a tumorigenic promoter.dhtcibuted to breast cancer cell
proliferation in early stages, and promote breasteacell invasion into the surrounding
tissue, and finally metastasized to distant orgaNsI Eanscription factor snail and slug

may be involved, and may through signaling pathwatyger than cancer stem cell
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formation. A possible link between GASP-1 and EMTrkees is G-protein receptors,
since GASP-1 has been reported to regulate GPCRessipn level in a post-
translational mannét On the other hand, | cannot exclude the possilihiat GASP-1
might directly bind and influence the signalinglpafty components such as Akt, NB;

p53, MAPK, etc.

There are several future directions. First, | ditl shm mice work because MDA-MB-231
cells cannot be maintained in the tissue culturediton for long period of time after
GASP-1 is down-regulated. Therefore, another stratégyice study will be applying
Tet on/off promoter to drive the expression of ShRNA. Is sy, | can inject mice with
the stable cell clones and then feed mice with ibinout tetracycline to down-regulate
GASP-1. Lentivirus will be a good vector system.T$exond direction is to apply
competitive ELISA on clinical diagnoses. One issudis process will be: are proteins
in the serum may possibly bind to GASP-1 peptidei®d bBinding may interferewith the
detection. To solve this issue, an immunoprecipitatiould be performed on the peptide,
followed by mass spectrometric analysis to iderttiy potential binding protein. Further
identification of the binding protein will be accphished by western blot. Among these
proteins, the one that interferes with the ELISAedgon will be identified, so that these
interfering proteins will be used to prepare staddairve in each experiment, or be used
to prepare positive controls representing diffeigages of cancer. The third direction is
to discover other breast cancer markers by 2D-HRuBtiple markers will increase the
accuracy of diagnose, and may even distinguishesatypes with ease. ELISA is one

method, other methods may also be considered sschntbody chips. The final
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direction is to identify downstream targets of GASRo find out potential therapeutic

targets for breast cancer.
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