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Figure 9. 14-3-3C overexpression leads to downregulation of 14-3-3¢ via
transcriptional inhibition.

a) Gene expression profiling on 10A.parental, 10A.vec and 10A.14-3-3( cells using cDNA
microarray. Heat map depicts top gene alterations in 10A.14-3-3( cells versus 10A.Vec
cells. b) RT-PCR analysis of 14-3-3c mRNA level in 10A.parental, 10A.Vec, and 10A.14-3-
3C cells (left panel). RT-PCR analysis of 14-3-3c mRNA level in 12A.parental, 12A.Vec
and 12A.14-3-3( cells was also performed (right panel). c) Western blot analysis of 14-3-3¢
and 14-3-3( protein level in MCF-10A sublines and MCF-12A sublines. -actin was used as
a loading control.









Figure 10. knockdown of 14-3-3¢ inhibits TGF-f’s cytostatic function.

a) After knockdown of 14-3-36 in MCF-10A cells, MCF-10A.scramble and MCEF-
10A.0sh128 cells treated with TGF-B (5ng/ml) or vehicle for 2 hours followed by Western
blot analysis of TGF-B’s cytostatic program in 10A.scramble and 10A.osh128 cells. b)
MCF-10A.scramble or MCF-10A.06sh128 cells were treated with TGF- (5ng/ml) or vehicle.
Cells were counted every 24 hours and plotted as percent inhibition relative to vehicle
control. ¢) BrdU incorporation assay on 10A.scramble and 10A.osh128 cells treated with
TGF-B (5ng/ml) or vehicle for 72 hours. The percentage of cell proliferation was calculated
after 72 hours treatment and normalized to the group without treatment.
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Figure 11. 14-3-3c downregulation contributes to PI3K-Akt activation and pS53
destabilization induced by 14-3-3( overexpression, thereby contributes to the inhibition
of TGF-p’s cytostatic program by 14-3-3C overexpression.

a) 14-3-3c expression was rescued in 10A.14-3-3C and 10A.ErbB2.14-3-3( cells and western
blot analysis of p-Akt, T-Akt, 14-3-3c, 14-3-3( in 10A.vec, 10A.14-3-3(, 10A.14-3-
3(.sigma cells (Left panel) and 10A.ErbB2.14-3-3C and 10A.ErbB2.14-3-3(.sigma cells
(right panel) was performed. B-actin was used as a loading control. b) BrdU incorporation
assay in 10A.vec, 10A.14-3-3(, 10A.14-3-3(.sigma cells treated with TGF-f (5ng/ml) or
vehicle for 72 hours.
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Figure 12. Rescue of 14-3-3¢ in 10A.14-3-3( cells recovers the cytostatic function of
TGF-B.

After rescue of 14-3-30 in MCF-10A.14-3-3( cells, the MCF-10A sublines were treated with
TGF-B (5ng/ml) or vehicle for 2 hours as indicated followed by Western blot analysis of
TGF-P’s cytostatic program in MCF-10A sublines.
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14-3-3C overexpression downregulates 14-3-3c in the early stage of breast cancer
development though sequestering YAP1 transcription factor in the cytosol

I have already found 14-3-3c (SFN) was significantly downregulated in 10A.14-3-3C
cells compared to 10A.vec cells (Fig. 9a), and confirmed ¢cDNA microarray data at both
mRNA and protein level by performing RT-PCR and western blot (Fig. 9b, ¢). To test if this
is a cell specific phenotype or retrovirus effect, I established another 14-3-3( overexpressing
HMEC cell line in MCF-12A cells by transduction with a lentiviral vector containing 14-3-
3C gene with an N-terminal HA-tag. Consistent with my previous findings in MCF-10A
cells, I found a downregulation of 14-3-3¢ expression following 14-3-3( overexpression
(Fig. 9b, ¢). Additionally, I found that 14-3-3c is upregulated at both the mRNA and protein
level in 14-3-3C-/- Mouse embryonic fibroblast (MEF) cells compare to 14-3-3(+/+ and 14-
3-3(+/- MEF cells (Fig. 13). Moreover, 14-3-3c is downregulated by 14-3-3(
overexpression in the mammary gland tissues at lactation day 20 of WAP-HA-14-3-3(
mouse compared to wild type mice (Data not shown). To investigate if this regulation is
prevalent in breast cancer, I also determined 14-3-3C and 14-3-3c protein level in a panel of
cell lines including non-transformed HMEC cells and malignant breast cancer cells, and
found out that 14-3-3( is generally highly expressed in breast cancer cells compared to non-
transformed HMEC cells; however, the expression of 14-3-3c is lost in breast cancer cells
compared to non-transformed HMEC cells (Fig. 14). These data suggest that downregulation
of 14-3-3c by 14-3-3( overexpression is a prevalent phenomenon that exists in breast cancer
cells, and this regulation may contribute to the dynamic balance of 14-3-3 family members

in breast cancer development and dimorphic function of these two well-known members.
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Figure 13. 14-3-3¢ is upregulated in 14-3-3( knockout mice.

a) Western blot analysis of 14-3-3¢ protein level in MEF cells from wild type, 14-3-3(+/-,
14-3-3(-/- mice. b) RT-PCR analysis of 14-3-3c protein level in MEF cells from wild type,
14-3-3(+/-, 14-3-3(-/- mice.
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Figure 14. 14-3-3( and 14-3-3c are inversely correlated in a panel of non-transformed
HMEC cells and breast cancer cells.

Western blot analysis of 14-3-3c and 14-3-3( protein level in a panel of non-transformed
HMEC cells and breast cancer cells.
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Since I found that downregulation of 14-3-3c by 14-3-3C overexpression is at the
mRNA level, I investigated the mechanism by which 14-3-3( regulates the mRNA of 14-3-
36. The transcription and expression of 14-3-3¢ can be regulated in multiple ways. For
example, P53 can induce 14-3-3c in response to ionizing radiation and DNA damage (16).
p53 is dephosphorylated and activated following cellular DNA damage, and it then binds to
the promoter region of 14-3-3c, and lead to increased transcription of 14-3-3¢ and G2/M
arrest (16, 55). In basal/progenitor cell, 14-3-3c expression may be repressed by ANp63, a
dominant negative isoform which can suppress both p53 and TAp63 transactivation (21, 23).
To test if downregulation of 14-3-3c in 10A.14-3-3C cell is due to increased proteasomal
degradation of transcitption factor-p53, I rescued p53 in 10A.14-3-3( cells by treating
10A.14-3-3C cells with MG132, but I did not find 14-3-3c was recovered in 10.14-3-3( cell
along the time course (Fig. 15). Although p53 and ANp63 have been reported to be the
major regulator of 14-3-3c expression in cell lines, no association between 14-3-3c
expression and p53 mutations or increased level of ANp63 was seen in human tissue,
suggesting that the constitutive expression of 14-3-36 may be dependent on factors other
than p53(32), and p53 probably transactives 14-3-3c expression only in response to DNA
damage stimuli. In addition, 14-3-3c also can be regulated by estrogen-induced zinc finger
protein (EFP). Through interacting with EFP, 14-3-3c gets ubiquitinylated and quickly
degraded by EFP in breast epithelial cells (24). Recently, Gene silencing of 14-3-3c, mainly
modulated by CpG methylation in the promoter region, has been reported in several types of
solid tumor, including prostate, lung, breast, skin cancer, and also in hematologic
malignancies (25-28, 31). To test this, I determined the promoter methylation level of 14-3-

3o in 10A.14-3-3( cells by performing bisulfite genomic sequencing (Fig. 16a). There was
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no difference in the methylation level in 10A.14-3-3( cells compared to 10A.Vec cells.
Additionally, 14-3-3c protein could not be recovered after treating 10A.14-3-3C cells with
DNA methylation inhibitor 5-Aza-2’-deoxycytidine (Fig. 16b). Collectively, these data
suggest that 14-3-3c mRNA level downregulation by 14-3-3( is neither due to decrease of

p53 nor due to promoter methylation.
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Figure 15. 14-3-30 downregulation is independent of p53 regulation in 10A cells.
10A.vec and 10A.14-3-3C cells were treated with 10uM MG132 or DMSO as previously
described, and cell lysates were collected at 4, 8, or 16 hours followed by western blot
analysis of p53, p21, 14-3-3c and 14-3-3( protein level. B-actin was used as a loading
control.
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Figure 16. 14-3-3¢ downregulation is not due to promoter methylation.

a) Bisulfite Genomic Sequencing analysis of 14-3-3c promoter CpG islands in 10A.Vec and
10A.14-3-3C cells. The CpG island is depicted on the top left panel, and each vertical bar
denotes a single CpG. The transcription start site is indicated as an arrow. Two pairs of
primers are indicated as red bars which are located both upstream and downstream of the
transcription start site. Ten single clones are represented for each sample. Black and white
circles represent methylated and unmethylated CpG, respectively. Each circle represents one
CpG site. b) 10A.vec and 10A.14-3-3C cells were treated with 5-Aza-2’-deoxycytidine at
concentrations of 0, 2.5, or 5uM, and cell lysates were collected three days later and
followed by western blot analysis of 14-3-3c and 14-3-3( protein level.
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In addition, I found that 14-3-36 mRNA decrease in MCF-10A.14-3-3( cells is not due
to mRNA stability decrease as shown by 14-3-3c mRNA decay assay (Fig. 17). To
investigate the transcription repression mechanism mediated by 14-3-3(, I created a series of
5’ deletion mutation constructs of the 14-3-3c promoter (Fig. 18a) to find the specific
promoter region responsible for its transcriptional repression by 14-3-3C. Interestingly, I
found a specific promoter region of 181bp (from -922bp to -741bp) to be the transcription
factor binding region responsible for transcription activation of 14-3-3c (not including p53
binding sites, Fig. 18b). After analysis of this specific promoter region by online software

(Targetscan and TESS, http://www.cbil.upenn.edu/), 1 found that there are several

transcription factor binding sites within this region (Fig. 18a). Therefore, I mutated these
binding sites individually and found that one of these sites (M2) is responsible for
transcription activation of 14-3-3c, which is a binding site for the transcription co-activator
YAPI (Fig. 18c). To test if YAPI is the transcription activator for 14-3-3c, I knocked down
YAP1 in 10A cells, and found that 14-3-3c is downregulated at both the mRNA and protein
level(Fig. 19a, b). In summary, I have found that YAPI is a novel transcription activator for

14-3-3c in HMEC cells.
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Figure 17. 14-3-3c downregulation is not due to reduced RNA stability in 10A.14-3-3(
cells.

10A.vec and 10A.14-3-3( cells were treated with the transcription inhibitor Antinomycin D
at concentration of 5 pg/ml, and total mRNA was collected at 0, 1, 2, and 4 hours. RNA
decay curve shows the remaining 14-3-3c mRNA level. The value at time 0 was taken as
100%.
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Figure 18. YAP-1 is the transcription factor for 14-3-3¢ in 10A cells.

a) The top panel shows a schematic representation of the luciferase reporter gene driven by
sequential deletion of the 14-3-3c promoter. The bottom panel shows a schematic
representation of the luciferase reporter gene driven by specific transcription factor binding
site mutations in the 14-3-3¢ promoter (922bp). b) Relative luciferase activity of pGL3-
1221, pGL3-922, and pGL3-741 in MCF-10A.Vec and MCF-10A.14-3-3C cells. c) Relative
luciferase activity of different site mutations of pGL3.14-3-36.922 in MCF-10A.Vec cells.
pRL.TK plasmid was co-transfected and used as a transfection efficiency control. Relative
luciferase activity was determined 48 hr porst-transfection. Error bars indicate SEM.
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Chapter 4: Discussion

In this study, I have found that overexpression of 14-3-3( inhibits the cytostatic
program of TGF-f through destabilizing p53 in non-transformed human mammary epithelial
cells. Mechanistically, I found that 14-3-3C overexpression leads to 14-3-3¢ downregulation,
thereby activating the PI3K/Akt signaling pathway, which degrades p53 and further inhibits
TGF-B induced p21 expression and cell cytostatic function. In addition, I also found that
overexpression of 14-3-3( promotes TGF-B-induced breast cancer bone metastatic
colonization through stabilizing Gli2, which is an important co-transcriptional factor for p-
smad?2 to activate PTHrP expression and bone osteolytic effect. Taken together, we reveal a
novel mechanism by which 14-3-3C dictates the tumor suppressor or metastasis promoter
activities of the TGF-f signaling pathway through switching p-smad2’s binding partner from
p53 to Gli2 (Fig. 35). Our results not only provide a better understanding of the important
role of 14-3-3( in early stage breast cancer development, but also deeply impact our
knowledge of signaling mechanisms underlying the complex roles of TGF-B in cancer,
which provides us with a more accurate strategy to determine when and how anti-TGF-f3
targeted therapy might be effective.
TGF-p’s functional switch

In normal epithelial cells, TGF-B induces cytostatic genes, including p15(37) and p21
(38) (39, 40). 1t also inhibits another category of genes that promote cell growth, including
c-myc(41) (42, 43). Our study shows that p21 is the major downstream effector of TGF-f’s
cytostatic program in MCF-10A cells. However, we cannot exclude other downstream genes
that may also contribute to this program. As indicated in our figure 5, p21 knockdown in

MCF-10A cells did not make them fully resistant to TGF-B’s cytostatic effect. Additionally,
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I also found that 14-3-3( overexpression inhibits TGF-§ induced p15 expression, but MCF-
10A cells have only trace levels of pl5 protein which could not contribute to TGF-’s
cytostatic program dramatically.

It has been well characterized that TGF-f inhibits cell proliferation in normal epithelial
cells, but promotes cancer cell metastasis. However, the molecular mechanism by which
TGF-B switches its role remained elusive. There were several studies that attempted to
address this question, for example, TMEPAI knockdown attenuated TGF-f induced growth
and motility in breast cancer cells (80), another report demonstrated that epigenetic
downregulation of DAB2 blocked TGF-B-mediated inhibition of cell proliferation and
migration in human squamous cells carcinoma (81). However, these studies do not exactly
provide evidence to show how TGF-f lost its tumor suppressor function in normal epithelial
cells, as the majority of the data were obtained from cancer cell lines such as MDA231 cells,
in which TGF-B already executes a tumor promoter function. Additionally, these studies
focused primarily on cell proliferation and tumor growth, which is only one of TGF-f’s
functions, but did not address the metastasis-promoting ability of TGF-f. In our study, we
found direct evidence that overexpression of 14-3-3C inhibits TGF-B’s cell cytostatic
program in non-transformed human mammary epithelial cells, while overexpression of 14-3-
3 promotes TGF-B induced breast cancer bone metastatic colonization. In addition, we
reveal a novel mechanism by which 14-3-3( dictates the tumor suppressor or metastases
promoter activities of the TGF-f signaling pathway through switching p-smad2’s binding
partner from p53 to Gli2.

Since TGF-B plays an important role in cancer development and a variety of other

diseases, a lot of effort has been placed to develop cancer therapeutics to target TGF-f
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signaling in both the tumor and its microenvironment. Currently, several kinds of TGF-f
signaling antagonists have been developed and applied to clinical practice, the most
advanced drug are large molecules, including monoclonal antibodies and antisense
oligonucleotides. In addition, there are also several orally bioavailable small molecule
kinase inhibitors developed to target this signaling pathway(82). However, as tumors evolve,
TGF-B switches its role from being a tumor suppressor to a tumor promoter, and the
complex nature and dual roles of TGF-f in cancer has impeded the development of effective
therapies that target only the tumor-promoting activities of TGF-B. Understanding the
molecular mechanism by which TGF-§ switches its role will benefit the development of
promising agents and strategies. Previously, we have found that 14-3-3( overexpression
occurs in the early stage breast cancer development (ADH)(3) and is overexpressed in more
that 40% of breast cancer patients which highly correlates with disease recurrence(18). In
this study, we found that 14-3-3( overexpression in early stage breast cancer development
serves as a novel molecular switch that turning TGF- from tumor suppressor to tumor
promoter. This may suggest that the expression level of 14-3-3( could serve as a novel
molecular biomarker that can aid in the selection of appropriate patients who will benefit
from TGF-f antagonists(7), and it may help determining when and how anti-TGF-f targeted
therapy might be feasible(6).
p53’s convergence with the TGF-p signaling pathway

Although the signal transduction cascade of TGF-f is quite simple compared to other
receptor-mediated signal cascades, involving only a few types of smad proteins, the cellular
responses to TGF-B are complicated and highly dependent on the cell context. This

versatility could be explained by the physical interactions between smads and a remarkable
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diversity of DNA sequence-binding transcription factors. To date, those binding partners in
mammalian cells include bHLH family, Forkhead family, Zinc finger protein family, and
p53 (83). For example, in neuroepithelial and glioblastoma cells, TGF-} induces smad3/4 to
form a complex with Foxo3a (38). Spl also has been reported to bind with smads to
transactivate pl5 and p21 gene expression in hepatic cells (39, 40). However, our data
combined with other reports (35, 50, 52, 84) show this complex does not exist in human
mammary epithelial cells, indicating the TGF-f signaling program is highly cell context-
dependent. In our study, we found that p53 collaborates with smad2/3/4 to transactivate p21
gene expression in response to TGF-B in MCF-10A cells. Interestingly, it is reported that
TGF-B induces p21 through a p53-independent mechanism in the HaCaT cell line, which
contains two mutant alleles of p53 which are unable to activate transcription of p21 (85).
Taken together, all of these data suggest that TGF-B’s signaling program is highly cell
context-dependent.

In our study, we found overexpression of 14-3-3( inhibits the cytostatic program of
TGF-B through destabilization of p53 in MCF-10A cells. In late stage of breast cancer
development, p53 is usually found to be lost or mutated, especially mutant p53 is found in
almost 50% of breast cancers (86). 14-3-3C overexpression has been found in more than
40% of advanced breast cancers (18) and starts at the early stage of breast cancer
development-Atypical Ductal Hyperplasia , which is also the transition phase of TGF-$’s
function (3, 6). This may suggest that 14-3-3( overexpression could be one of the
mechanisms leads to downregulation of p53, thereby contributes to inhibition of TGF-B’s
cytostatic function in the early transition phase of breast cancer development. In addition,

p53 mutation also could contribute to TGF-f’s function switch. As shown in previous study,
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there is a R280K mutation in p53 in MDA231 cells, and this mutant p53 still can form a
complex with smads, but empowers TGF- induced metastasis (35).
14-3-3¢ and 14-3-3¢0

In our study, we found a novel mechanism by which 14-3-3{ overexpression
downregulates 14-3-3c through transcriptional repression. It is interesting that these two
proteins belong to the same family, yet the functions of these two members have been well
characterized to be opposite. This biological specificity of 14-3-36 could be explained by the
structure difference between 14-3-3¢ and the rest of 14-3-3 family members (87, 88). The
structure suggests a second ligand binding site (involving residues Met-202, Asp-204, and
His-206) involved in 14-3-3c unique ligand discrimination (87). In addition, most of 14-3-3
family members except 14-3-36 form homodimers or mixed heterodimers among different
isoforms, and they shared the similar ligand binding and function. In contrast, 14-3-3c only
forms homodimers. The structural study also reveals a stabilizing ring-ring and salt bridge
interactions involving Lys-9 and Glu-83 unique to the 14-3-3c, and rationalizes that 14-3-3c
preferentially form homodimer and has destabilized electrostatic interactions with the other
members to form heterodimers (87).

Among the 14-3-3 family, 14-3-3 o is well recognized as a tumor suppressor gene, and
is lost in multiple types of cancer (89). Based on our previous findings, 14-3-3(
overepressed in more than 40% of advanced breast cancer (18)and 14-3-3( overexpression
defines high risk for breast cancer recurrence and promotes cancer cells survival. Moreover,
14-3-3( plays an opposite role with 14-3-3c in many signaling pathway, including PI3K-Akt
pathway, p53 stabilization, glycolysis and metabolism, polarity and invasion. However, the

mechanism by which the balance between 14-3-3C and 14-3-3c was broken in mammalian
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cell is still unclear. Here, we report that a novel mechanism that 14-3-3( overexpression
transcriptional repress 14-3-3c gene expression through sequestering YAP1 transcription
factor outside of the nucleus. It would suggest a critical role of YAPI in maintaining the
homeostasis of 14-3-3 family in mammalian cell. When the cells harvest gene amplification
of 14-3-3{(18), it will disrupt the balance and lead to downregulation of 14-3-3c, and tissue
malfunction and human disease.
The complicate role of YAP1 in Cancer

The Hippo pathway plays an important role in controlling organ size, tissue
regeneration, stem cell renew and tumorigenesis (90). The recent findings show that Hippo
pathway can be regulated by cell polarity, cell adhesion and cell junction proteins, and
activation of Hippo pathway leads to phosphorylation and inhibition of transcription co-
activators, such as YAP, TAZ, and Yki(91). In mammalian cell, YAP phosphorylated by
Lats1/2 at Ser127 site and binds to 14-3-3 leads to subsequent cytoplasmic sequestration and
inactivation (91). However, there is an argument of YAP’s role in cancer development.
Initially, YAP was defined as a tumor suppressor supported by the evidence of working
together with p73, PML to induce apoptosis in response to DNA damage (92-95). The new
concept of YAP1 as an oncogene emerge recently as supported by amplification in human
HCC(96) and transformation ability of YAP in MCF-10A cells(97). The different role of
YAP in cancer development might be cell context-specific and binding partners dependent.
As a transcriptional co-activator, YAP1 functions when it is bound to different transcription
factors. YAP functions as oncogene when it binds to TEAD family transcription factors in
regulation of CTGF gene expression which promotes cell proliferation (98). In contrast, it

functions as a tumor suppressor when YAP binding to p73 or p53BP2, which is then
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inhibited by Akt phosphorylation (56). In our study, I found that 14-3-3( overexpression
downregulates 14-3-3c through sequestering YAP1 in the cytosol, which suggests that
YAPI transactivates 14-3-36 when located in the nucleus. However, the transcription factor
which YAP binds to and collaborates with to activate 14-3-3c gene expression is still
unknown. In our study, I found that YAP protein level was not altered by 14-3-3C
overexpression, but subcellular localization was changed. On the other hand, majority of
data suggest YAP1 serves as an oncogene in nucleus, but this does not exclude the
possibility that YAP1 also function as an oncogene in the cytosol, which is primarily
retained by 14-3-3 binding. In the study that shown the transformation ability of YAP in
MCF-10A cells, the exactly localization of YAP that executes the oncogene function is not

clearly stated (97).
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Chapter 5: Future studies

In our study, we found that p53 binds to smad2/3/4 together in response to TGF-} in
MCF-10A cells. However, it has been reported that TGF-f induces p21 through a p53-
independent mechanism in HaCaT cell line which contains two mutant alleles of p53, which
are unable to activate transcription of p21(85). These data would suggest that the cellular
responses to TGF-f are complicate and highly cell context dependent. To determine if p53 is
critical for TGF-P induced p21 gene expression in human mammary epithelial cells, I will
knockdown p53 in MCF-10A cells to see if it impairs TGF-f induced p21 gene expression.
In addition, it is also necessary to determine if mutant p53 binds to smads in MDA231 cells
and identify the downstream signaling cascade in late stage of breast cancer development.
These data will further indicate the critical role of p53 in TGF-B’s cytostatic program and
support our hypothesis that 14-3-3C overexpression switches off TGF-’s cytostatic program
through 14-3-3c downregulation and destabilization of p53.

TGF-B can induce Gli2 and Glil expression through transcriptional activation in breast
cancer cell lines (68, 69), and it promotes Gli2-induced expression of PTHrP and contributes
to breast cancer bone metastasis (70). These data suggest that the TGF-B/smads/GLi2
signaling axis is very import for cancer progression and metastasis (72). However, the
mechanism by which Gli2 contributes to TGF-f induced PTHrP expression and the
convergence effect between Gli2 and Smads remains elusive. It is the first time shown that
Gli2 binds to smad2 in response to TGF-f in breast cancer cells as indicated in our data. To
further determine the important role of Gli2 as a co-transcription factor to smads and
contribution to TGF-B’s metastatic program, it is necessary to knockdown Gli2 in MDA231

cells to test if it can impair TGF-f induced PTHrP gene expression. In addition, to determine
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if this smad2/Gli2 complex is critical for PTHrP gene transcription in response to TGF-f
and whether the complex could be disrupted by 14-3-3( knockdown in MDA231 cells, I will
perform a ChIP assay on the promoter region of PTHrP using specific antibodies
recognizing Gli2 or smad2 under TGF-f3 stimulation.

In 231.14-3-3(KD cells, I found that Gli2 protein level was dramatically decreased
compared to 231.scramble cells after TGF- treatment for 2 hours but there are no difference
on mRNA level between 231.scramble cells and 231.14-3-3(KD cells. These data suggest
that 14-3-3C may regulate Gli2 protein stability in response to TGF-B. As previous study
shown that Gli2 is targeted for ubiquitination and degradation by B-TrCP Ubiquitin
Ligase(99). First, I will test if Gli2 has increased ubiquitination in MDA231.14-3-3CKD
cells compared to MDA231 control cells. Next, I will investigate the mechanism by which
14-3-3C overexpression prevents Gli2 to be targeted for ubiquitination and degradation by -
TrCP Ubiquitin Ligase.

14-3-3C has been knockdown in MDA231 cells to test if lost of 14-3-3( can impair
TGF-B induced breast cancer cells bone metastasis. To further confirm that 14-3-3(
overexpression promotes TGF-f induced breast cancer cells bone metastasis, I will also
overexpress 14-3-3C in McNeuA cells which is derived from MMTV-Neu mice and has
equal amount of 14-3-3( expression as MCF-10A cells, and challenge these GFP-Luciferase
labeled McNeuA control cells and McNeuA.14-3-3C cells to in vivo bone metastatic
colonization through intra-tibial injection test if 14-3-3C overexpression can promote TGF-3
mediated McNeuA cells bone metastasis. In addition, I will also treat the mice injected with
McNeuA.14-3-3C cells with TGF-BR inhibitor (LY2109761, Eli Lilly) to test if the increased

bone metastasis is due to upregulated TGF-f signaling mediated by 14-3-3C overexpression.
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This data would be expected to strengthen our hypothesis that 14-3-3( overexpression

switches on TGF-f induced breast cancer cells bone metastasis program.
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