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ABSTRACT

Breast cancer is one of the most common types of cancer, and while many types of
breast cancer can be treated with anti-estrogen therapy or Trastuzumab, such directed
treatment against triple negative breast cancers (TNBC) remains elusive and the
prognosis remain poor. Previous evidence would suggest that the inflammatory 1L-6-
STAT3 pathway may be a viable target for treatment in triple negative breast cancers,
as IL-6 is upregulated in TNBC, and STAT3 has been shown to promote
dedifferentiation into cancer stem cell and tumor cell proliferation and survival in
TNBC. This has led us to test the effects of anti-inflammatory inhibitors on the effects
of TNBC cell viability and proliferation. The inhibitors tested were the direct STAT3
inhibitor, Stattic, and the ATP competitive JAK1/2 inhibitor, Baricitinib. Stattic
inhibited tumor cell viability and proliferation, whereas Baricitinib did not. These
results suggest that STAT3 plays a major role in triple negative breast cancer, but it

may not be mediated through the canonical pathway.
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Chapter 1

INTRODUCTION

1.1 Breast Cancer

Breast cancer is the most common type of cancer among women, and is the 5t
most common cause of death among cancers.! Breast cancer is a heterogeneous
disease that can be classified into a number of different groups based on the presence
of estrogen receptor, progesterone receptor, and human epidermal growth factor
receptor 2 (HER2), which can be used as indicators of prognosis.” * Moreover, these
receptors are useful targets for therapeutic breast cancer treatment. Treatments for
breast cancers with these markers include tamoxifen and aromatase inhibitors, which
interfere with the estrogen pathway, and Trastuzumab, which blocks HER2.2

Triple negative breast cancers (TNBC) are characterized by a lack of estrogen
receptors, progesterone receptors, and HER2 and make up approximately 15-20% of
breast cancers.* > Due to the absence of these receptors, hormonal therapy is not a
treatment option for this type of cancer, and there is no standard treatment aside from
chemotherapy.® Moreover, TNBC have a high rate of recurrence and death; these
attributes make it a prime target for research to identify new treatments that could be
tailored specifically to TNBC.’

In an effort to identify potential targets for treatment of TNBC, bioinformatics
analysis of TNBC gene expression profiles obtained from the Trans Cancer Genome
Atlas (TCGA) database was performed by the Sims-Mourtada lab. Analysis revealed

overexpression of inflammatory cytokines, which can activate the NF-xB-STAT3



pathways. In particular, inflammatory cytokines IL-1 I1L-8, and I1L-6 ®**

were
significantly increased in TNBC compared to estrogen receptor-positive breast cancer
tumors or normal breast tissues. IL-1 and IL-8 are capable of activating the NF-xB
pathway, while IL-6 can activate the IL-6-STAT3 pathway, as well as NF-kB-®**
STAT3 expression was also significantly increased. These results were confirmed by
immunohistological analysis of normal and malignant breast tissue obtained through
surgical resection of TNBC. In particular, overexpression of 11-6 was observed in
TNBC compared to normal breast tissues. This is consistent with previous reports
sighting overexpression of these cytokines in TNBC.* #**> Based on this information,
these cytokines may play a role in triple negative breast cancer progression and

therefore be targets for specific treatment within this tumor subtype.

1.2 IL-6-STAT3 Pathway

Signal transducer and activator of transcription 3 (STAT3) is a member of a
family of transcription factors that are commonly activated via tyrosine
phosphorylation by Janus kinases, or JAKS, in response to cytokines, including 1L-6.1*
19 The STAT protein family is composed of STAT1, STAT2, STAT3, STAT4,
STAT5a, STATS5b,and STAT6.Y” STAT3 in particular has been implicated in TNBC
and is necessary for the transformation of tumor cells into cancer stem cells, and
promotes tumor cell proliferation and survival via the upregulation of such proteins as,
survivin, cyclin D1, and the transcription factors Oct-4, Snail, and Twist, which has
resulted in it being a target for inhibition in the study of breast cancer.**% The IL-6-
STAT3 pathway (Figure 1.1) begins with the release of the cytokine IL-6 from tumor
cells or nearby cells, which induces IL-6 production in the tumor cells.?® ?* 1L-6 binds

to IL-6 receptor (IL-6R) or soluble IL-6R (IL-6sR), which induces homodimerization



of two membrane bound gp130 proteins, bringing the kinases associated with each IL-
6R monomer, JAK1/2 together, and forming a functional receptor.’® The associated
JAK is then activated through autophosphorylation and phosphorylates STAT3 on
tyrosine705, which is translocated to the nucleus where it can bind to DNA elements
such as interferon-Gamma Activated Sequences(GAS) or Sis-Inducing Elements (SIE)
and regulate gene expression.” % This allows STAT3 to regulate many genes
involved in cancer such as, p53, IL-6, vimentin, TGF-f, and numerous other
proteins.? Activity of STAT3is regulated by nuclear phosphatases by
dephosphorylating and deactivating active STAT3 dimers.?” IL-6 can also act as a part
of a positive feedback loop in tumor cells.** Ordinarily, a negative feedback loop
limits the increase in STATS3 activity to prevent a runaway increase in activity, but
there can be mutations that inhibit such regulatory mechanisms in TNBC.?® For
example, suppressor of cytokine signaling 3 (SOCS3) expression is induced by active
STAT3 and acts as a part of a negative feedback loop in IL-6-STAT3 pathway by
inhibiting the tyrosine kinases, JAK1/2, possibly via induction of a conformation
change in the kinase or recruitment of ubiquitin ligases to the receptor to mark it for
degradation by the proteasome.?**! However lack of p53 and PTEN in triple negative
breast cancers appears to result in increased degradation of SOCS3 via the proteasome
resulting in inhibition of the negative feedback loop and induction of IL6/Stat3/NF-xB
positive feedback loop.?® This makes the IL6/Stat3/NF-kB positive feedback loop a
possible target for treatment, as inhibiting it could potentially reduce STAT3 and NF-

kB activity considerably, thereby inhibiting the expression of tumor supporting genes.



IL-6-STAT3 Pathway

Figure 1.1: IL-6 STAT3 Pathway- 1I-6 induces IL-6R dimerization, which allows the
JAKSs to autophosphorylate and activate STAT3, which dimerize and
regulate genes in the nucleus.

1.3 STATS3 Effects in Breast Cancer

The IL-6-STAT3 pathway is capable of mediating tumor progression in breast
cancer by triggering a variety of mechanisms. For example, the 11-6-STAT3 pathway
is a capable of mediating breast cancer cell dedifferentiation into cancer stem cells via
the induction of Oct-4 expression, which can induce dedifferentiation, much as
inflammatory factors can cause dedifferentiation via epithelial mesenchymal transition

(EMT) in normal wound healing.?" *** EMT is a process of dedifferentiation, which



results in a polarized epithelial cell to transition to a mesenchymal phenotype and is
characterized by a decrease in adherens junctions, tight junctions, desmosomes, and E-
cadherin, and an increase in matrix metalloproteinases and the mesenchymal cell
markers, vimentin, Snail, and N-cadherin, resulting in an increase of motility and
invasiveness.***® Ordinarily, EMT occurs in response to epithelial tissue damage and
nearby cells undergo EMT to migrate to the wound and replace the lost epithelial
cells; however EMT is also linked to cancer, as an upregulation of EMT proteins in
tumor cells is associated with dedifferentiation into cancer stem cells.** Cancer stem
cells are of particular interest as they are more resistant to treatment and could
therefore potentially survive chemotherapy treatment and develop into a more
malignant tumor by acting as tumor-initiating cells.®® Breast cancer stem cells can be
identified by a high concentration of CD44, the absence or low concentration of
CD24, the presence of ESA, or high expression of aldehyde dehydrogenase.*** It is
also important to note that cancer stem cells may be able to arise from ordinary tumor
cells after they have been exposed to stresses such as wounds from surgery, radiation,
or chemotherapy drugs which are often used in cancer treatments.** **** Furthermore
these cells are also resistant to such therapies due to the expression of ATP-binding
cassette transporters, multidrug resistance transporters, and an increased ability to
repair DNA.***° Moreover, STAT3 is also capable of inducing chemoresistance in
breast cancer cells, via promotion of autophagy, which can also reduce stresses such as
starvation, DNA damage, and oxidative stress in tumor cells.’*>? EMT of cells may
also increase the metastatic potential of cells by inhibiting anchorage-dependent

apoptosis and increasing tumor cell motility.>*** As a result of these properties it is



important that a strategy is developed to combat these cells as a part of cancer
treatment.

Another protein promoted by STAT3 in breast cancer is survivin. > Survivin
IS an anti-apoptotic protein that is not normally highly expressed in differentiated
tissue, but is frequently expressed in cancer cells.*® *® As a result of this these cells
have a greater resistance to apoptosis.

STAT3 is also capable of upregulating breast cancer cell motility via
upregulation of vimentin and fascin expression.>”>® VVimentin belongs to the family
intermediate filament proteins and is expressed in embryotic cells but not frequently
expressed in differentiated cells.”” STAT3 has been reported to upregulate vimentin by
binding to the gene’s antisilencer element and binding to ZBP-89, which inhibits the
expression of vimentin. Fascin influences cell adhesion and motility by bundling actin
together.® STAT3 and NF-«kB have been shown to be necessary for IL-6 to induce

expression of fascin which is required for breast cancer migration.
1.4 1L-6-STAT3 Pathway Inhibitors

1.4.1 Stattic

Stattic is a small molecule inhibitor that irreversibly inhibits STAT3
phosphorylation and dimerization by binding to the SH2 domain of STAT3 or near it
regardless of its phosphorylation state, thus preventing the STAT3 from docking onto
gp130 proteins and preventing phosphorylation by JAK1/2 and from binding together
via their phosphotyrosines (Figure 1.2).° Stattic’s inhibition of STAT3 dimerization
may also explain its inhibition of STAT3 nuclear translocation, as dimerization

appears to promote accessibility to the nuclear localization signal (NLS).®° Stattic



accomplishes this inhibition via the covalent bonding of up to nine molecules of
Stattic to residues in STAT3, 4-5 of which appear to be cysteines.®* Stattic was shown
to inhibit STAT3 by over 80% at 37°C in vitro, as well as STAT1 and STAT5b by
approximately 40% at 30°C.*° Stattic has an I1Csp value of 5.1 pM as determined in
vitro using protein extract with 370 nM of STAT3.%® Stattic is selectively toxic to
tumor cells that have constitutively activated STAT3 including breast tumor cells, and
has also been shown to be capable of abolishing the presence of cancer stem cells in

HER2" breast cancer and inhibiting cell viability in breast cancer.>® %%

Stattic Inhibition

Figure 1.2: Stattic Inhibition Mechanism- Stattic irreversibly inhibits STAT3
directly by binding to its SH2 domain, thereby inhibiting its
phosphorylation and dimerization.>®



1.4.2 Baricitinib
Baricitinib is an ATP competitive kinase inhibitor that inhibits STAT3

phosphorylation by inhibiting JAK1 and JAK?2 activity (Figure 1.3).%* As a result of
this, it is capable of inhibiting the actions of several cytokines including GM-CSF,
IFN-y, IL-23, IL-12, and IL-6.% Baricitinib is currently undergoing phase 3 trials for
FDA approval of rheumatoid arthritis treatment. It has ICs, values of 5.9 nM and 5.7
nM for JAK1 and JAK2 respectively, as determined by homogenous time-resolved
fluorescence assays at ATP concentrations similar to those in cells.* Additionally,

Baricitinib was also found to have an 1Cso of 53 nM for Tyk2.

Baricitinib inhibition

B ® | [Baricant |

Figure 1.3:Baricitinib Inhibition Mechanism- Baricitinib inhibits STAT3
phosphorylation by inhibiting JAK1/2.%



1.5 Objective and Hypothesis

The objective of this study was to determine the effects of the inhibitors to the
IL-6-STAT3 pathway, on the growth and proliferation of TNBC. Moreover, we also
aimed to elucidate the specific mechanism whereby the tumor cells promote their
survival. We hypothesized that Baricitinib would inhibit STAT3 activation via JAK1/2
inhibition thereby reducing concentration of phosphorylated STAT3 and reducing
tumor cell viability and cell proliferation in TNBC.

The inhibitors chosen for this study were Stattic and Baricitinib. Baricitinib
was chosen to study the effects of STAT3 on tumor cell viability and proliferation in
TNBC via inhibition of JAK1/2 phosphorylation and activation of STAT3. Stattic
directly binds to STAT3’s SH2 domain, inhibiting its phosphorylation and activation.
Stattic’s and Baricitinib’s results were compared to determine the differences in
effects of inhibiting different points of the IL-6-STAT3 pathway.

To accomplish our goals, we analyzed the inhibitors’ effectiveness at inhibiting
STATS3 activation by quantifying the relative concentrations of phosphorylated
STAT3 and STAT3 via Western blotting, as well as quantifying the inhibitors’ effect
on triple negative breast cancer cell viability and cell proliferation via MTT assays and
clonogenic assays respectively. Should Baricitinib be successful, it may be able to one
day help cancer patients stay in remission by inhibiting the growth and survival of the

tumor cells.



Chapter 2

METHODS

2.1 Cell Lines and Inhibitors

The TNBC HCC1143, HCC1937, and MDA-MB-231 human breast cancer
cells were obtained from ATCC (Manassas, VA) and maintained in RPMI-1640
supplemented with 10% fetal bovine serum (FBS) and 1% antibiotic/antimycotic (100
units/ml penicillin, 100 pg/ml streptomycin, 0.25 ug /ml Fungizone) (Life
Technologies). The TNBC SUM159 cells were obtained from Asterand (Detroit, Ml)
and maintained in Hams F12 supplemented with 10% FBS, 1% antibiotic/antimycotic,
0.1 mg/ml hydrocortisone (Life Technologies), and insulin (Life Technologies).The
triple negative non-invasive breast epithelial cell MCF12A line was obtained from
ATCC and was maintained in DMEM/F12 base with 10 pg epidermal growth factor
(EGF) (Thermo Fisher Scientific), cholera toxin (0.1 mg/mL) (Calbiochem), insulin
(Thermo Fisher Scientific), human recombinant, zinc (4 mg/mL) (Thermo Fisher
Scientific), hydrocortisone (Img/mL) (Thermo Fisher Scientific), and 25% horse
serum (Thermo Fisher Scientific). The triple negative non-invasive epithelial breast
cell 184B5 line was obtained from ATCC and maintained in media prepared from the
Clonetics™ MEGM™ BulletKit™ (CC-3150) (Lonza) without the GA-1000 and with
an addition of cholera toxin (1ng/ml) (Calbiochem). All cells were grown at 37°C in
an atmosphere of 5% CO,. Stattic and Baricitinib were obtained from Tocris

Bioscience and Cayman Chemical respectively and reconstituted in DMSO.
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2.2 Protein Extraction and Quantification

Cell extracts were harvested using 100 pL of RIPA (Thermo Fisher Scientific)
buffer with protease inhibitor (Calbiochem) and phosphatase inhibitor (Thermo Fisher
Scientific) after being washed with 1x PBS. The extracts were then scraped and
transported into microfuge tubes and chilled on ice for 30 minutes. The extracts were
centrifuged for 5 minutes at 5,000 RPM and the DNA was removed and discarded.
Protein concentrations were quantified using BCA assays. Cell extracts were diluted in
RIPA buffer in a 1:10 dilution, and 10 uL of each sample were placed in two wells in
a microplate. A standard curve was generated using a range of bovine serum albumin
(BSA) concentrations. 200 uL of working reagent from the BCA protein assay Kit
(Thermo Fisher Scientific) were added to each well and the plate was covered in
tinfoil and briefly mixed. The plate was incubated at 37°C for 30 minutes and the

absorbances were read at 550 nm using a microplate reader (Tecan).

2.3 Western Blot

The breast cancer cell lines were screened for phosphorylated STAT3 proteins
to ensure STAT3 activation. Western blots were used to confirm that phosphorylated
STATS3 proteins were indeed present. The 10% separating gels were created using 5
mL of bis-acrylamide, 5 mL of 1.5 M tris, 200 puL of APS, 200 uL of SDS, 8 uL of
temed, and 9.6 mL of deionized water. The 4% stacking gels were created using 1.25
mL of bis-acrylamide, 1.25 mL of 1.0 M tris, 100 uL of APS, 100 uL of SDS, 10 uL
of temed, and 7.3 mL of deionized water. The samples were prepared by mixing them
with Laemmli buffer in a 1:1 ratio and boiling them at 95°C for 10 minutes. Gels ran
at 80 volts for 2 hours in 1x tris-glycine-SDS running buffer. The proteins were then

transferred at 100 volts for 1 hour to nitrocellulose membranes. After the transfer the,
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nitrocellulose membrane was put in Ponceau S and placed on a shaker for 5 minutes to
confirm the protein transfer. Membranes were destained with water. The membrane
was then blocked in 5% nonfat dry milk in tribuffered saline and Tween 20 (TBS-T) at
4°C overnight. The blocking solution was removed and the primary antibody solutions
were added and incubated at 4°C overnight. The primary antibodies utilized were
rabbit anti-STAT3 (ab76315, Cell Signaling Technology, Danvers, Massachusetts),
rabbit anti-phosphorylated STAT3 (ab76315, Abcam, Cambridge, Massachusetts), or
mouse anti-beta actin (sc-81178, Santa Cruz Biotechnology, Dallas, Texas). The anti-
phosphorylated STAT3 and anti-beta actin antibody solutions were made by creating a
1:10,000 dilution using 3% BSA in TBS-T, and the anti-STAT3 antibody solutions
were made by creating a 1:2,000 dilution using 3% BSA in TBS-T. Beta actin was
used as a loading control. The membrane was then washed with TBS-T and placed on
the shaker for 10 minutes 3 times. The secondary antibody was then added and the
membrane was placed on the shaker for 1 hour at room temperature. The secondary
antibodies utilized were donkey anti-mouse (715-035-150, Jackson ImmunoResearch
Laboratory, West Grove, Pennsylvania) and donkey anti-rabbit (711-035-152, Jackson
ImmunoResearch Laboratory, West Grove, Pennsylvania). The anti-mouse antibody
and anti-rabbit antibody solutions were made by creating a 1:10,000 dilution using 3%
BSA in TBS-T. The membrane was washed with TBS-T and placed on the shaker for
10 minutes per wash 3 times. The proteins were then detected using an ECL kit
(Thermo Fisher Scientific). The relative protein concentrations were quantified using

densitometric analysis.
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2.4 Cell Viability Assays

Cells were also treated with yellow tetrazolium MTT (Biotum), which was
converted by the cells” mitochondria into an ionic purple dye, to quantify cell
metabolic activity. Cells were first plated and incubated for 24 hours. 10 uL of MTT
were added to the cells, which incubated at 37°C for 3 hours. 100 uL of DMSO was
added to the cells to lyse them, and absorbances of the samples were measured using a
Tecan microplate reader at 570 nm. The averages of the results for each concentration
in a cell line were compared to the average of the untreated samples for that cell line
and statistical significance was calculated via one way ANOVA and Dunnett’s
multiple comparisons test using GraphPad Prism V1 (GraphPad Software, Inc.).

Statistical significance was considered to be when p <0.05.

2.5 Clonogenic Assays

SUM159 cells were seeded in six-well plates with a density of 100 cells/well
for the untreated and Baricitinib-treated wells and 400 cells/well for the Stattic-treated
wells. Cells were treated with inhibitors and were incubated for seven days. After the
incubation period, the cells were fixed with 10% formalin for 15 minutes, washed with
1x PBS, and stained with 0.5% crystal violet for five minutes. The colonies were then
counted and the colony forming efficiencies were calculated by dividing the number

of colonies by the number of cells plated.
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Chapter 3

RESULTS

3.1 Basal STAT3 Activation in Breast Cancer Cell Lines

The basal levels of phosphorylated STAT3 and STAT3 were measured via
Western blots relative to B-actin concentrations to determine which cell line had the
greatest level of phosphorylated STAT3, which would be used in the experiments
testing the effects of the inhibitors on STAT3 phosphorylation (Figure 3.1). The
HCC1143, HCC1937, MDA-MB-231 and SUM159 lines are TNBC lines, whereas
184B5 and MCF12A are non-invasive breast epithelial cell lines. All cell lines
screened were found to have phosphorylated STAT3. The SUM159 cells showed the
greatest levels of phosphorylated STAT3. This is supported by the IL-6 secretion in
HCC1143, HCC1937, MDA-MB-231, and SUM159 cells reported by Hartman et al
(2013).

14
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3.2 Effects of Stattic and Baricitinib on STAT3 Activation

Western blots were also used to quantify relative STAT3 and phosphorylated
STAT3 with varying concentrations for each inhibitor. The Western blots for Stattic
show that Stattic inhibits STAT3 phosphorylation in the SUM159 cell line in a dose-

dependent manner, as the ratio of phosphorylated STAT3 to STAT3 decreases as the

15




concentration of Stattic increases (Figure 3.2). The Western blots for Baricitinib
appear to show that it reduces STAT3 phosphorylation in the SUM159 cell line in a
dose-dependent manner, as the ratio of phosphorylated STAT3 to STAT3 decreases as
the concentration of Baricitinib increases (Figure 3.3). Baricitinib also showed a
greater degree of STAT3 phosphorylation inhibition than Stattic at lower
concentrations, which may be due to its inhibiting STAT3 phosphorylation the more
directly than Stattic, as Baricitinib inhibits JAK1/2, which can be directly responsible
for STAT3 phosphorylation on tyrosine 705. The Western blots were also used to help
characterize the effects of Stattic (Figure 3.4) and Baricitinib (Figure 3.5) on
phosphorylation over time. The time courses show that Stattic and Baricitinib have
begun to inhibit STAT3 phosphorylation by 4 hours after treatment, appear to reach
maximum levels of inhibition at about 24 hours after treatment, and appear to be

losing effect by 48 hours after treatment.
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ratios (B) when treated with Baricitinib. STAT3 tyrosine 705
phosphorylation was reduced when treated with Baricitinib.

18



130
A
- 100
£
E %0
5 &0
B
o
3
H Lo
£
*

o

Untreated Stattic Untreated Stattic Unitreated Stattic
4k 4k 24k 24h 48R
B
pSTATS

B -actin o — — = —

STATS  o— O e, W—

YRR
TRE

B-octin e o S— —
Untreated Stattic Untreated Stattic Untreated Stattic

4h 4h 24h 24h 48h 48h

Figure 3.4: Stattic Time Course- Stattic (concentration) has begun to take effect on
the SUM159 cells by 4 hours, reaches its highest recorded level of
effectiveness by 24 hours, and has begun to lose effect by 48 hours.
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Figure 3.5: Baricitinib Time Course- Baricitinib (concentration) has begun to take
effect on the SUM159 cells by 4 hours, reaches its highest recorded level
of effectiveness by 24 hours, and has begun to lose effect by 48 hours.

3.3 Effect of STAT3 Inhibition on Cell Viability in TNBC Lines

MTT assays were also used to quantify the inhibitors’ impact on cell viability
in the HCC1143, HCC1937, and SUM159 cell lines, as a decrease in cell viability
would indicate a decrease in growth, or possibly cell death. Cells were stained with
tetrazolium yellow MTT, which only acts as a dye after it has been modified by the
mitochondrion, to quantify the inhibitors’ effects on cell viability via inhibition of
mitochondrial activity. Cell viability decreased as the Stattic concentration increased
starting at a concentration of 1 uM. Stattic significantly (p<.0001) reduced cell

viability in all cell lines (Figure 3.5). In contrast, Baricitinib did not exhibit a
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significant reduction in cell viability when it was used to treat the cell lines (Figure

3.6).
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Figure 3.5: Stattic Effect on Tumor Cell Viability- Cellular viability of HCC1143
(A), HCC1937 (B), and SUM159 (C) cell lines when treated with
increasing concentrations of Stattic as compared to control. Cell viability
was reduced when treated with Stattic.
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Figure 3.6: Baricitinib Effect on Tumor Cell Viability- Cellular viability of
HCC1143 (A), HCC1937 (B), and SUM159 (C) cell lines when treated
with increasing concentrations of Barcitinib as compared to control. Cell
viability was not reduced when treated with Baricitinib.

3.4 Effects of Stattic and Baricitinib on Cell Proliferation

Clonogenic assays were used to quantify changes in cell proliferation when
treated with the inhibitors. When treated with Stattic, the average colony forming
efficiency of the SUM159 cells, showed a significant decrease to 4% when compared
to untreated samples’ average of 47%, which indicates a reduction in cell proliferation,
possibly due to death (Figure 3.7, Figure 3.8). When treated with Baricitinib, the

average colony forming efficiency did not change significantly when compared to
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untreated wells, only changing from 57% to 61%, which indicates that Baricitinib did

not affect cell proliferation (Figure 3.9, Figure 3.10).

Untreated

1iuM
Stattic

Figure 3.7: Stattic Clonogenic Images- The colonies formed when SUM159 cells
were left untreated and treated with Stattic are shown here.
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Figure 3.8: Stattic Effect on Tumor Cell Proliferation- The average colony forming
efficiencies of the Stattic clonogenic experiments are in logarithmic
scale. Stattic appears to significantly reduce the average colony forming
efficiency of SUM159 cells when compared to untreated wells (P<.001).
Error bars represent standard deviations.
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Figure 3.9: Baricitinib Clonogenic Images- The colonies formed when SUM159
cells were left untreated and treated with Baricitinib are shown here.
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Figure 3.10: Baricitinib Effect on Tumor Cell Proliferation- The average colony
forming efficiencies of the Baricitinib clonogenic experiments are in
logarithmic scale. No significant difference in average colony forming
efficiencies of SUM159 cells was observed between wells treated with
Baricitinib and those left untreated. Error bars represent standard
deviations.
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Chapter 4

DISCUSSION

4.1 Interpretation of Results

Stattic and Baricitinib both inhibited STAT3 phosphorylation; however only
Stattic appeared to affect tumor cell proliferation or viability. The decrease in colony
forming efficiency in response to Stattic seems to indicate that active STAT3 is
required for SUM159 proliferation. Baricitinib’s lack of an effect on colony forming
efficiency would seem to indicate that phosphorylation of STAT3 via JAK1/2 is not
necessary for SUM159 proliferation in vitro. Moreover, according to the MTT assays,
Baricitinib also did not inhibit tumor cell viability, which seems to indicate that
JAK1/2 is also unnecessary for the tumor cells to remain viable in vitro, whereas
tumor cells treated with Stattic did show cell viability inhibition. Indeed, these results
are supported by Chang et al.’s (2013) in vitro inhibition of JAKs in mouse mammary
carcinoma cells, as it did not affect tumor cell growth. This data may indicate that
these cells are using a non-canonical STAT3 pathway to survive, as the canonical
pathway phosphorylates STAT3 via JAK and inhibition of JAK1/2 via Baricitinib
does not reduce the colony forming efficiency as one would expect if the canonical
pathway played a role in tumor cell growth or survival, whereas the inhibition of
colony formation via Stattic appears to confirm that STAT3 plays a role in tumor cell
survival. This may indicate that STAT3 promotes tumor cell survival via a non-

canonical pathway.
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4.2 Non-Canonical STAT3 Pathways

Multiple non-canonical STAT3 pathways exist that could be involved in tumor
progression in breast cancer. For example, STAT3 can be modified in multiple ways
including non-canonical phosphorylation, monoubiquitination, and acetylation, which
can cause STAT3 to promote the expression of various genes and could potentially
influence tumor progression.®””® There are also other kinases that can activate STAT3
in breast cancer which could potentially impact the results of inhibiting JAKs as done
in these experiments. EGFR, which can activate STAT3 via tyrosine 705
phosphorylation, has been found to be in approximately 64% of TNBC lines by
Siziopikou et al. (2006), which offers another possible alternative method of canonical
STAT3 activation.” Serine 727 must also be phosphorylated in order to induce
maximal gene expression, which may also play a role.””> Moreover, a decrease in
survivability via inhibition of the IL-6-STAT3 pathway may be due to the
downregulation of anti-apoptotic proteins and growth factors that STAT3 promotes
such as cyclin D1 and survivin.?® *° Furthermore, it is possible that Stattic causes a
decrease in survivability due to sterically blocking modifications to STAT3, or its
binding to other proteins, thereby inhibiting the promotion of anti-apoptotic proteins
and growth factors. For example, STAT3 lysine 685 acetylation appears to promote
methylation of tumor suppressor genes, as well as therapeutic targets, such as ERa via
DNMT1, which may indicate a role in the development of triple negative breast
cancers.” Importantly, STAT3 activation has also been shown to upregulate the
production of STAT3 in cancer, which may help mediate further canonical STAT3

activation, as well as non-canonical STAT3 activity.”
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4.3 STAT3-NF-kB Crosstalk

One non-canonical STAT3 pathway is in the NF-xB pathway which can result
in unphosphorylated STAT3 binding to p65 and upregulating genes with NF-«xB
activation sites and downregulating genes with overlapping NF-xB and STAT3
activation sites.® Furthermore, like the IL-6-STAT3 pathway, the NF-kB pathway may
be capable of being activated as part of a wound response to surgery, radiotherapy, or
chemotherapy in vivo via the production of IL-1f, thereby allowing the NF-«xB
pathway to potentially remain as a viable target, even if the IL-1 is not necessarily
constitutively secreted in vitro.*

IL-1a or IL-1Bcan induce the release of NF-kB which allows it to translocate
to the nucleus where it can regulate the expression of genes.” Alternatively, the p65
subunit of NF-kB may bind to unphosphorylated STAT3 which forms a complex
capable of upregulating NF-kB-activated genes and downregulating genes with
overlapping STAT3-activated and NF-kB-activated sites by competitively binding to
STAT3-binding DNA elements and binding STAT3 that could otherwise be activated
(Figure 4.1), as well as regulating genes with novel binding elements, such as serum
amyloid A.% "® Activation of NIK in the NF-kB pathway appears to be capable of
promoting canonical STAT3 phosphorylation in the basal-like subtype of triple
negative breast cancers.”” Likewise, IKKp appears to promote STAT3
phosphorylation on tyrosine 705 by recruiting proteins via lysine 63-linked
ubiquitination scaffolding.”® Moreover, cancer mutations in IKKp’s lysine 171 residue
can promote constitutive kinase activity, increased polyubiquitination, and increased

activation of STAT3.”% 7
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4.4 Effects of NF-xkB Pathway Activation

NF-«B is also capable promoting metastasis in triple negative breast cancer in
several ways. NF-kB can induce EMT via the promotion of TrkB synthesis, which
transduces survival signals to the cell and initiates EMT by triggering the transcription
of factors Twist and Snail, as well as inhibiting anchorage-dependent apoptosis.>* &
Moreover, the tumor-suppressing kinase, RKIP which typically inhibits IKK, as a part
of a negative feedback loop in the NF-«kB pathway appears to be inhibited by NF-«xB-
induced Snail in SUM159 cells.?" 8 Upregulation of RKIP in breast cancer tends to
result in decreased migration and metastasis, as well as increased sensitivity and
apoptosis in response to chemotherapy. NF-kB activation also appears to be able to
promote invasive growth in TNBC via the induction of TMODZ, which promotes the
secretion of MMP13 via B-catenin activation.®® Secretion of MMP13 promotes tumor
cell migration and proliferation and extracellular matrix degradation. Activation of the
NF-xB pathway via IL-1 may also be capable of inducing secretion of both IL-6 and

IL-8, thereby contributing to the activation of both the NF-xB pathway and the IL-6-

STAT3 pathway and the metastatic processes that result from them.®*
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STAT3-NF-kB Crosstalk

NF-xB

Figure 4.1: STAT3-NF-kB Crosstalk Mechanism- After being released from IkB,
NF-«B subunit p65 can bind to unphosphorylated STAT3, which allows
them to regulate gene expression.

Other research seems to indicate that interactions between the STAT3 and NF-
kB pathways can play a role in tumor progression in other cancers.®® For example,
unphosphorylated STAT3 may also be able to induce persistent activation of NF-xB
by recruiting the histone acetyltransferase complex, p300/CBP, which can acetylate
p65, thereby promoting NF-kB retention in the nucleus and inhibiting IkBa binding to
NF-xB.% #" Furthermore, when mice were injected with triple negative breast cancer
cells in Hartman et al.’s (2013) study, both 116 and IL-8 were necessary for the
development of tumors. Based on this information and the failure of Baricitinib to
decrease cell viability and growth, it is plausible to hypothesize that the crosstalk
between the STAT3 and NF-«xB pathways play a major role in triple negative breast

cancer tumor cell growth and viability.
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4.5 Conclusions

According to the results of the experiments, it would appear that STAT3 plays
a role in tumor cell viability and growth, but its effects may be mediated by a non-
canonical pathway, rather than the IL-6-STAT3 pathway. Since the TCGA reported
high levels of IL-1 and IL-8, which can activate the NF-kB pathway, and Baricitinib
failed to decrease TNBC cell viability, it is plausible that interactions between the
STAT3 and NF-«xB pathways play a major role in TNBC tumor cell growth and
viability; however more tests are need to determine the role of NF-kB and to confirm

the promotion of tumor cell growth and viability via crosstalk between the pathways.®

9

4.6 Future Research

Future research could include further testing to determine if the crosstalk
between STAT3 and NF-«B promotes TNBC tumor cell survival, possibly by
inducing a STAT3 knockdown in TNBC cells or by treating them with the NF-xB
inhibitor, IMD-0354, which has been found to reduce viability and increase apoptosis
in non-stem breast cancer cells.? Despite the possibility of alternative signaling
promoting tumor cell survival, the IL-6-STAT3 pathway may still be a worthy target
for inhibition in breast cancer, as it could possibly promote tumor cell
dedifferentiation into cancer stem cells, tumor cell invasiveness, and chemoresistance,
for example.?!*®*® As a result of this, more tests should be conducted on the effects of
Baricitinib on other attributes of TNBC including cell motility assays and flow
cytometry to analyze cancer stem cell markers, as inhibiting the IL-6-STAT3 pathway
via JAK1/2 inhibition may inhibit tumor progression. Moreover, it is possible for the

IL-6-STAT3 pathway to become active as a result of the wound healing and
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inflammation after surgery, radiotherapy, or chemotherapy.®* 8 “* 44 Therefore,
Baricitinib should be tested in vivo to determine if it is capable of inhibiting therapy-
induced tumor progression. The effects of Baricitinib should also be studied further in
Vvivo, as studies have shown that JAK inhibition in vivo can impact breast cancer

tumor growth.*?
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