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Abstract

In many solid tumors, the PIBK/AKT/mTOR pathway is activated and is

believed to play major roles in a range of cellular functions. Downstream of this

pathway, pho-4EBP1 and pho-S6K1 perform critical role in controlling biological

processes. In breast cancer, when patients start to exhibit resistance with hormonal

therapy or chemotherapy, mTOR inhibitor, for example Everolimus, is often

considered, which can deregulate the PI3K/AKT/mTOR pathway by allosteric binding

the catalytic site of mMTORC1. But in some mTOR-targeted therapy cases, Everolimus

does not exhibit the desired efficacy. This work assesses the use of

immunofluorescence analysis to predict the efficacy of the mTOR inhibitor

Everolimus using breast cancer cell lines- Hs578T, MCF7, BT474, MDA-MB-231-

and patient-derived cell culture (PDCC)-ABC-82T, and ABC-16TX1. These cells

provided predictive information on the sensitivity of Everolimus using cell viability

and MTT assays based on immunofluorescence intensities of pho-4EBP1 Thr37/46

and pho-S6K1 Ser424. Results show that the immunofluorescence analyses can be

used to indicate the efficacy of mTOR inhibitor Everolimus on cells tested.

Independently, pho-4EBP1 Thr37/46 and pho-S6K1 Ser424 immunofluorescence

expression can classify into different groups based on their intensities for cell lines and

PDCC. The combined immunofluorescence intensity of pho-4EBP1 Thr37/46 and
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pho-S6K1 Ser424 is representative of the efficacy of Everolimus. Results also suggest

that dynamitic change for pho-4EBP1 and pho-S6K1 occur when cells have resistance

characteristic of Everolimus. Further, mTOR resistance is not only consequence of

AKT/mTOR but also by LKB1 or MAPK/ERK pathway. Furthermore, LKB1 and pho-

GSK3p may also be potential markers to predict the efficacy of Everolimus therapy.

Keywords: mTOR, Everolimus, pho-4EBP1, pho-S6K1, mTOR resistance, MTT assay.
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Chapter 1
Introduction
1.1 Breast cancer and epithelial-mesenchymal transition

Breast cancer is the most common cancer for women, and metastasis is the
main cause of motility. This disease can be divided into three subtypes: hormone
receptors positive (luminal A, luminal B), HER2 enriched and triple negative.
According to the average statistics of U.S breast cancer cases for all ethnicity in 2015,
about 74% of breast cancer patients were hormone receptors positive, 14% were
HER?2 enriched and 12% were triple negative. Among these patients, triple-negative
breast cancers patients were regarded as more invasive and have poorer prognoses
[1].

Besides, the final situation of breast cancer also depends on many biological
features. The diagnosis and the therapy will be determined by these features. But in
some patients, they have a similar features, yet they have different final outcomes.
So how to make the true diagnosis and find the biomarkers for breast cancer patients
Is important. Some studies showed that the number of rare cancer cells, for instance,
circulating tumor cells (CTCs) could have a significant relationship with patient

survival in breast cancer [2-3]. One reference also indicated that micro-RNA could
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be a therapeutic tools for breast cancer [4].

Epithelial-mesenchymal transition (EMT) also plays an important role in

cancer metastasis. EMT is the process that epithelial phenotype cells start to acquire

mesenchymal phenotype characteristics thus potentially invasive and drug resistance.

EpCAM, pan cytokeratin, and E-CAD can represent epithelial markers. Vimentin,

twist, and N-CAD are mesenchymal markers [5]. Cancer cells also can be classified

into three parts by the expression of EMT: pure epithelial cells (E), intermediate

epithelial and mesenchymal cells (E/M), and pure mesenchymal cells (M).
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1.2 The PIBK/AKT/mTOR pathway
1.2.1 Growth factors actuate the PISBK/AKT/mTOR pathway

In breast cancer, PI3BK/AKT/mTOR pathway is activated frequently and this
pathway controls many major functions. For example, cellular proliferation,
metastasis, growth, survival, and motility. When cells are stimulated by growth
factors or hormones, phosphatidylinositol 3-kinase (PI3K) will be activated first. It
will promote the phosphorylation of AKT, and the mechanistic target of rapamycin
complex 1 (mTORC1) sequentially. And mTORC1 will phosphorylate its
downstream substrate eukaryotic initiation 4E-binding protein 1 (4EBP1) and
ribosomal protein S6 kinase beta-1 (S6K1) [6,7]. Besides, p53, KRAS, PI3CA and
PTEN mutations also could have a relationship with the PI3K/AKT/mTOR pathway
[8,9]. In many references, mTOR pathway could play a critical role in cancer, and
phospho-4EBP1 and phospho-S6K1 also perform the critical role in controlling

biological processes.
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Figure 1 Schematic representation of the PI3K/AKT/mTOR pathway.

1.2.2 EIF4E-phosphorylated-4EBP1 protein and phosphorylated -
S6K1 protein

As mentioned in section 1.2.1, there are two downstream markers for
PIBK/AKT/mTOR pathway. One is phosphorylated-4EBP1 (Pho-4EBP1), the other

is phosphorylated ribosomal protein S6 kinase 1 (Pho-S6K1). In the normal situation,
4EBP1 will combine with elF4E and form 4EBP1-elF4E complex. When mTORC1

is phosphorylated, it will phosphorylate 4EBP1 at Thr37/46, Thr70 and Ser65 four
sites sequentially. But when 4EBP1 is phosphorylated at Thr37/46, the elFAE does

not release from 4EBP1 until it phosphorylate at Ser65. In other words, the

phosphorylation of 4EBP1 protein has two steps, the first step is the phosphorylation
4
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at Thr37/46, the 4EBP1-elFAE complex still be combined together this moment. The
second step is the phosphorylation at Thr70 and Ser65. Then elF4E will be released
from 4EBP1 and start the translation initiation. The second target is the
phosphorylated ribosomal protein S6 kinase 1 (Pho-S6K1). Similarly, S6K1 will be
phosphorylated at Thr389, Thr421, Ser371, and Ser424 when mTORCL1 is

phosphorylated, and it is also an important regulators of protein synthesis [10].

P37 P46

/ 4EBP1
P70
- e Cap-dependent
\ ‘ transiation
elF4E

Figure 2 The two-step phosphorylation of 4EBP1 protein.
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1.3 Motivation of this work
1.3.1 Targeted therapy and mTOR inhibitory drug sensitivity
in breast cancer
Breast cancer therapy is composed of six approaches: surgery, radiation,
hormonal therapy, chemotherapy, targeted therapy, and immunotherapy. For breast
cancer, mTOR-targeted therapy is considered when patients are resistant to
hormonal therapy or chemotherapy. In this event, Everolimus is one of mTOR
inhibitors and can deregulate the PIBK/AKT/mTOR pathway by allosteric binding
the catalytic site of mMTORCL. In some studies, anti-proliferative effect of
Everolimus is also determined in cancer cell lines [33]. For some patients, the
efficacy of this therapeutic agent is not achieved yet side effects happened quality
of life.

Many researchers have studied the efficacy of mTOR inhibitors. Some
showed that it could distinguish drug sensitivity from gene expression and
mutations [11,17,18,21]. Some studies pointed out that it could be classified by
epithelial-mesenchymal transition (EMT) [12] and the others works indicated that
the downstream of mTOR pathway could find some information by western blot
for cell lines [13,14,15,17,19,22]or immunohistochemistry method for tumors

[16,20,22]. But many of these studies are not conclusive. So how to check the
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efficacy of mTOR inhibitors is very important for doctors to see how this drug is

useful for patients.

1.3.2 Clinical analysis method for phosphorylated protein—
comparison between immunofluorescence, q-PCR,
immunohistochemistry and western blot

As mentioned in section 1.3.1, many researches have studied in mTOR
pathway and its inhibitors, for instance, Everolimus. These works use some analysis
methods like g-PCR, immunohistochemistry and western blot to try to show the
efficacy of mTOR inhibitors [19-24].

Immunohistochemistry is often used in patient’s tumors. It has to process the
surgery for patients to get the tumors, and this method is also the most used method
in clinical trials. Western blot and g-PCR is the process to observe the expression of
target protein and RNA. Many researchers use these methods to investigate the
situation of mTOR, but these methods cannot use in rare cells. For example, western
blot cannot be detected by antibodies if the amount of proteins is too low.

Immunofluorescence (IF) is an easy technique by using specific antibodies

which have been conjugated to fluorescent dyes. Besides, IF method is the

convenient, quick method and can be detected for rare cancer cells compared with
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immunohistochemistry, western blot, and g-PCR. The signals of IF can also be used
in liquid biopsy and have the same expression for western blot. This is why that
immunofluorescence is chosen to be the subject of the thesis.
1.4 The goal of this thesis
The purpose of this thesis is to build the immunofluorescence analysis and
show the mTOR inhibitor Everolimus efficacy for breast cancer cell lines by IF

expression.
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Chapter 2
Materials and methods
2.1 The experimental structure
The experimental design would be divided into two parts. First part was to
do cell viability rate assay and MTT assay for breast cancer cell lines and patient-
derived cell culture (PDCC). The second part was to show how the
immunofluorescence signals can predict the sensitivity of mTOR inhibitor,
Everolimus.
2.2 Cell culture, cell lines, and patient-derived cell culture (PDCC)
Breast cancer cell lines MCF7, MDA-MB-231, BT474, Hs578T and two
PDCC ABC-16TX1, ABC-82T were chosen to see whether the IF signals could
predict the mTOR inhibitor Everolimus sensitivity or not.

MCEF7 cell lines were cultured in 10% FBS DMEM/F12 medium. BT474
cell line were cultured in Hybricare medium, which EGF was added. MDA-MB-
231 cell line were cultured in 10% FBS DMEM HG medium. Hs578T cell line were
cultured in 10%FBS DMEM HG medium, which insulin was added. Patient-
derived cell culture (PDCC) ABC82T and ABC-16TX1 were unique cells, which
were derived from breast cancer patient metastatic biopsy samples, and these two

PDCC were cultured in IH medium. All cells were incubated in the culture dish
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(704001, NEST) in 37°C, 5% CO, incubator. Table 1 and Table 2 list the gene

mutation and the characteristics of these cell lines [11] and PDCC.

Table 1 Gene mutation for cell lines and PDCC

P33 muiation PI3CA mutation PTEN mutation KEAS mutation
BT474 yes KI11IN none nene
MCE7 none E545K none none
hmﬂ-:‘b‘lﬁ-:}] :r'l:.'-s none nonec Gl3D
ABC-16TX1 yes E342K unknown uknown
ABC-82T yes ES45K unknown unknown

Table 2 Characteristics for cell lines and PDCC

Cell lines and PDCC classification Epithelial /
Mesenchymal
BT474 Luminal B EpCAM+
Vimentin-
MCF7 Luminal A EpCAM+
Vimentin-
MDA-MB-231 Triple negative | EpCANM+
Vimentin-
ABC-82T Her2+ EpCAM+
Vimentint/-
ABC-16TX1 ER+ Her2- EpCAM+ Stem cell
Vimentin+/- (CD44++, CD24+/-)
10
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2.3 Reagents

In this thesis, some reagents and buffers were used. Cell fixation buffer and
Alexa Fluor 488 anti-human CD24 antibody were purchased from BiolLegend.
Cell permeabilization kit were purchased from MiltenyiBiotec. Mouse anti-human
CD45 conjugated with Alexa Fluor 488 and Hoechst33342 were purchased from
Invitrogen. Pho-4EBP1 Thr37/46 antibody, vimentin antibody conjugated with
Alexa Fluor 647 and pho-GSK3B Ser9 antibody were purchased from Cell
Signaling Technology. Mouse anti-human CD44 antibody were purchased from
BD Biosciences. Pho-S6K1 Ser424 antibody, pan cytokeratin C11 antibody, the
donkey anti-rabbit and anti-mouse 1gG H&L conjugated with Alexa Fluor 488 and
647 secondary antibody were purchased from Abcam. Pan cytokeratin AE1/AE3
antibody were purchased from Novus Biologicals. LKB1 antibody, goat anti-
rabbit and anti-mouse 1IgG(H+L) superclonal secondary antibody, HRP conjugated
were purchased from ThermoFisher. Everolimus were purchased from
Selleckchem. 10X TGS buffer and 10X TG buffer for western blot were purchased

from Omics Bio. MTT powder were purchased from Sigma-Aldrich.

11
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2.4 Cell viability rate assay
MCF7, MDA-MB-231, BT474 cell lines, and ABC-82T, ABC-16TX1
two PDCCs were used. First, seeded cells in the 3.5 cm culture dish were grown
to about 50-60% confluence. Second, 200 nM Everolimus were added into the
dish. After about 24 hours, cells were harvested and the number of live cells were
counted to determine cell viability rate. The MTT assay was also used to confirm
the cell sensitivity. The cell viability rate is defined as :

cell number of drug treatment after 24 hours — cell number of control after about 24 hours x 100%
0

cell number of control after about 24hours

2.5 MTT and IC50 assays

About 5000-10000 cells were seeded in 100ul medium into the 96-well
and incubated in 37°C, 5% CO, incubator overnight before the drug treatment.
Second, the same volume of the culture medium which contained different
Everolimus concentration were replaced and were incubated for about 48 hours.

After Everolimus treatment for about 48 hours, the culture medium
were replaced by 12mM MTT about 100ul and were placed for 3 hours in 37°C,
5% CO, incubator. Finally, the same amount DMSO were replaced for 20 minutes
at 37°C and the absorbance of DMSO at 570 nm were determined, which stood

for the number of live cells by the plate reader (MQX 200, BioTek). the 1C50
12
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values were also determined for every cell lines. The accuracy of the plate reader

would be done before the MTT assay.

0.8

0.7 4
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Figure 3 The calibration Curve of plate reader from MTT assay.
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2.6 Immunofluorescence staining
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For immunofluorescence staining, cells were harvested first, the fixation

buffer 200 1. | were added,incubated for 20 minutes at 4°C and washed with running

buffer. Second, cells were permeabilized by adding the inside perm buffer, incubated

for 20 minutes at 4°C and washed with running buffer (some antibody did not use

this process).

13
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After cells were fixed and/or permeabilized, the primary antibodies were
added, incubated for 25 minutes at 4°C and washed with running buffer. When
primary antibodies were bonded at cells, the secondary antibodies conjugated to
Alexa Fluor 488 or 647 channels were added, incubated for 25 minutes at 4°C and
washed with running buffer. Immunofluorescence results were taken by the

microscope.

2.7 Western blots

First, 10> cells were boiled with sample buffer for about 15 minutes and
the cell samples which contained proteins were loaded into the wells of the Mini-
PROTEAN Precast Gels which were purchased from Bio-Rad. Second, the gels
were run with 200 volts for about 30 minutes. When the gels were run completely,
proteins were transferred to PDVF membranes which were purchased from Merck
Millpore with 100 volts for 30 minutes.

After running gels and blotting, the PDVF membranes were stained with
Ponceau S solution for about 5 minutes to show the total proteins expression to
check the equal amount protein and were washed with PBS-T three times. After
this, the PDVF membranes were blocked with milk at room temperature for about

2 hours. After blocking, the primary antibody (1:1000) were added into the milk,
14
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incubated at 4 °C overnight and were washed with PBS-T three times. The
secondary antibody which HRP conjugated (1:5000) were added into the milk,
incubated at room temperature for about 1 hours and washed with PBS-T six times.

Proteins were detected using UVP BioSpectrum 500 Imaging System.

2.8 Statistical analysis

The immunofluorescence pictures of the thesis were taken from Leica
DMI 6000 B microscope and analyzed by MetaMorph software. In MetaMorph
software, there were the counts nuclei function, which can count the cells IF
intensity automatically. After taking the photos and counting the IF intensity, it
was compiled statistics the by SigmaPlot 12.5 software and expressed as

mean + s.e.m.

15
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Chapter 3
Results and discussion

3.1 Immunofluorescence marker for Everolimus resistance in cell
lines and PDCC
3.1.1 Gene mutation and drug sensitivity

The goal of this work is to determine Everolimus sensitivity for these cell
lines and PDCC by immunofluorescence (IF) markers. It is important to
understand the relation between IF signals and the Everolimus sensitivity.
Doctors also can use them for patients to make the judgment on usage of
Everolimus.

Although the expression of mTOR pathway is affected by regulation of
p53, KRAS, PI3CA and PTEN gene mutation, these mutations do not provide
reliable marker characteristics to predict Everolimus sensitivity. Hence, this
work aims to use immunofluorescence method towards this end. And from Table
2 and figure 4, ABC-16TX1 cells show the stem cell expression, which CD44
expression is high and CD24 expression is low by immunofluorescence, stands

for the high ability of drug resistance.

16
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CD44 high CD24 low Hoechst

Figure 4 ABC-16TX1 PDCC exhibits stem cell characteristics (CD44 is high and
CD24 is low), which will likely lead to the ability of drug resistance.

3.1.2 Cell viability and 1C50 value of cell lines and PDCC

For cell viability asssay, the number of cells will be counted before and
after adding Everolimus 200nM for 24 hours. Figure 5 represents cell viability
rate for BT474, MCF7, MDA-MB-231 cell lines, and ABC-82T, ABC-16TX1
PDCC. The cell viability rate of BT474 and MCF7 are negative on sensitive to
Everolimus, while the cell viability rate of MDA-MB-231, ABC-82T and ABC-
16TX1 are positive on resistant to Everolimus.

Figure 6 represents results for the MTT assay and 1C50 values for breast
cancer cell lines and PDCC. Figure 6(a) shows cell viability for Hs578T, BT474,
MCEFT7 cell lines under different Everolimus concentration. Results show that the
inhibition rate are over 50% when these cells are less than 100 nM, which can
be regarded as Everolimus-sensitive cells. Figure 6(b) shows cell viability for

ABC-16TX1 cells under different Everolimus concentration. Results show that
17
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cell viability is still about 80% under high Everolimus concentration. It cannot
find 1C50 values which means high resistance of Everolimus. Figure 6(c) shows
IC50 values for breast cancer cell lines and PDCC, which means the resistant

characteristics for these cells. Every experiment is tested in triplicate.

60 - Resistant cells
Sensitive cells
=

40 4 45.9%
2
=% T
g2 21.5%
83 T
K% - 9.9%
32 o

=~ +20.6% -14.5%
20 4 =
'40 ] L]

BT474 MCF7 MDA-MB ABC-82T ABC-16TX1
-231

Figure 5 Cell proliferation under the 200 nM Everolimus after about 24hours. Some
cells are Everolimus-sensitive cells, the others are Everolimus-resistant cells.
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Figure 6 Cell viability for cell lines and PDCC by MTT assay (a) Hs578T, BT474 and
MCF7 (b) ABC-16TX1 (c) IC50 values of Everolimus.

3.1.3 Immunofluorescence expression of mMTOR markers and
Everolimus sensitivity
Figure 7 shows the baseline IF intensity for the cell lines and PDCC prior to
adding of Everolimus. Figure 7(a) and 7(b) means the images of pho-S6K1
Ser424 and pho-4EBP1 Thr37/46 respectively. For ABC-16TX1 cells, both pho-
4EBP1 and pho-S6K1 have high IF intensity.
Figure 7(c) and 7(d) show the normalized IF intensity (by the intensity of

BT474) for pho-4EBP1 Thr37/46 and pho-S6K1 Ser424 respectively. Data
20
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suggest variation in IF intensity among these cells for both protein markers. In

light of the results in figure 5 and 6, where sensitivity and resistance of each cell

type is known, IF intensities for each of the protein marker do not correlate with

known response to Everolimus. Results also display functional heterogeneity as

mentioned in the reference [17] for some cells, like ABC-82T and MDA-MB-231,

i.e., when IF signals of pho-4EBP1 are high, IF signals of pho-S6K1 are low, or

when IF signals of pho-4EBP1 are low, IF signals of pho-S6K1 are high.

Results from figure 7(c) and 7(d) can be divided into three group of cells.

The first group contains Everolimus sensitive cells Hs578T, BT474 and MCF7,

which both pho-S6K1 and pho-4EBP1 have low IF intensities. The second group

is middle or resistant Everolimus sensitivity cells MDA-MB-231 and ABC-82T,

which pho-S6K1 have low intensities and pho-4EBP1 have high intensities or

pho-S6K1 have high intensities, and pho-4EBP1 have low intensities. The third

group is ABC-16TX1 cells, in which both the pho-S6K1 and pho-4EBP1 are high,

thus demonstrate high Everolimus resistance. Three these groups are listed in

Table 3.
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Figure 7 IF expression for BT474, MCF7, ABC-82T, and ABC-16TX1 cells without
Everolimus and the normalized IF intensity. (a) pho-S6K1 Ser424 (b) pho-4EBP1
Thr37/46 (c) Pho-S6K1 Ser424 (d) Pho-4EBP1 Thr37/46.

23

doi:10.6342/NTU201701484



Table 3 The group of cells by pho-S6K1 and pho-4EBP1

Cell lines and PDCC

Respone to Everolimus

Pho-S6K1 low, pho-4EBP1 low Hs578T, BT474, Sensitive
MCF7
Pho-S6K1 high, pho-4EBP1 low or MDA-MB-231 Resistant
Pho-S6K1 low, pho-4EBP1 high ABC-82T
Pho-S6K1 high, pho-4EBP1 high ABC-16TX1 Strongly resistant

Figures 8(a) and figure 8(b) display the combined IF intensities of pho-

S6K1 and pho-4EBP1 by adding results of figure 7(c) and 7(d). Unlike figure

7(c) and 7(d) for individual marker, combined intensities suggest a clear trend.

Hs578T has the lowest relative intensity of all, followed by BT474 and MCF7

with higher intensity. These three cell lines are sensitive to Everolimus therapy

(Figure 5 and 6). MDA-MB-231, ABC-82T and ABC-16TX1 all have high

relative intensity and they are resistant to Everolimus. Figure 8(c) represents the

relationship between combined IF intensity and IC50 value (Figure 6). Results

indicate that combined IF intensity is proportional to IC50 value in term of

response to Everolimus. The high expression of pho-4EBP1 and pho-S6K1 in

some cells may reflect mutation of mTOR. Two references [25,26] also provided
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evidence that the expression of mTOR downstream marker will increase when

the mTOR genes are mutated. Further studies suggested that high expression of

pho-4EBP1 Thr37/46 due to resistant to rapamycin [32,33]. Moreover, pho-

S6K1 Ser424 is also related to the MAPK/ERK pathway, which is another

pathway in cell proliferation. In a gastric cell line study, expressions of pho-

S6K1 Ser424 and pho-AKT Ser473 in rapamycin-resistant cells were higher than

that in rapamycin-sensitive cells [31].
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Figure 8 Combined IF expression of pho-4EBP1 Thr37/46 and pho-S6K1 Ser424 for
cell lines. (a) Everolimus-resistant cells will have high IF intensity. (b) the average
expression of combined IF intensity of pho-4EBP1 Thr37/46 and pho-S6K1 Ser424. (c)
Comparison between 1C50 values, and combined signals.

26

doi:10.6342/NTU201701484



Figure 9 shows ROC curves by for individual and combined protein
markers of IF intensity. The area of ROC for pho-4EBP1 only is 0.69 and the
area of ROC for pho-S6K1 only is 0.64.The area of ROC curve for combined
protein markers is 0.85. This method has a better efficiency than pho-4EBP1 and
pho-S6K1 individually to predict the Everolimus sensitivity. From results, we
could make the conclusion that we can choose the better one to use. Every

experiment is tested in triplicate.

ROC Curves

0.8 4

06 -

Sensitivity

044

— Pho-S6K1, A =064
— Pho<4EBP1 A =069
Two markers added, A = 0.85

024+

0.0 47
1 T T 1 T T
00 02 04 06 08 10

1- Specificity

Figure 9 The ROC curve for pho-S6K1, pho-4EBP1 and the two combined markers.
The combined IF intensity has a better efficiency than pho-4EBP1 and pho-S6K1
individually.
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3.2 Pho-4EBP1 and pho-S6K1 do not have high specificity for
AKT/mTOR
Although the IF approach can distinguish Everolimus sensitivity by
combining pho-4EBP1 Thr37/46 and pho-S6K1 Ser424, some studies suggest
that if the cells were resistant for Everolimus, the expression of pho-4EBP1
would low and the expression of PI3K would be high [16]. This result,
particularly the former part, is opposite from our experimental results (Figure
7(d)).

Figure 10 indicates other neighbor pathways and targets which might
affect pho-4EBP1 and pho-S6K1 [27,28]. We suggest that mTOR pathway
downstream targets pho-4EBP1 and pho-S6K1 might not have high specificity
for AKT/mTOR. In other words, pho-4EBP1 and pho-S6K1 might be controlled
not only by AKT/mTOR.

To test our hypothesis, another AKT downstream marker, pho-GSK3p
Ser9 antibody, which stands for the activation of pho-AKT, and LKB1 antibody
were chosen to observe whether pho-4EBP1 would be impacted only by
AKT/mTOR or not.

Figure 11(a) represents the IF relative intensity (FITC) for pho-GSK3.

Figure 11(b) and figure 11(c) show western blot for pho-GSK3p. ABC-16TX1,
28
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ABC-82T, and BT474 cells have strong band corresponding to pho-GSK3 at

46 kDa. In contrast, MDA-MB-231 and MCF7 cells have weak band for pho-

GSK3p. From results, the expression of pho-AKT cannot represent the resistance

of Everolimus. One reference [27] also indicated that the higher expression of

pho-GSKa3 in lung cancer cell lines, the higher the resistance of Everolimus. The

results of this work confirm this phenomenon and show that the mTOR

resistance might be impacted not only by the AKT/mTOR but also by LKBL1 or

another pathway like for instance, the MAPK/ERK pathway.

Figure 12(a) also shows the LKB1 IF signals (APC) for MCF7 and ABC-

16TX1 cells, where figure 12(b) quantifies intensities for all cell types studied.

Figure 12(c) represents the western blot for LKB1. Everolimus sensitive cells

MCEF7 is higher than Everolimus resistant cells ABC-16TX1 [29,30], means that

LKBL1 can affect Everolimus efficacy.
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Figure 10 Pho-4EBP1 and pho-S6K1 might be impacted not only by
AKT/mTOR but also by another target or pathway.
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Figure 11 The expression of pho-GSK3p (a) IF relative intensity (b) western blot with
ponceau s solution, which shows the total protein (c) western blot with beta-actin. It
indicates that the expression of pho-AKT cannot represent the resistance of
Everolimus.
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Figure 12 LKB1 expression for cell lines and PDCC (a) The IF image for MCF7 and
ABC-16TX1 cells (b) quantifies intensities for IF signals. (c) The western bolt
expression of LKBL1 for cell lines. It shows that Everolimus-sensitive cells has the
higher LKB1 IF intensity than Everolimus-resistant cells.

3.3 Combined IF expression of pho-4EBP1 and pho-S6K1 before and
after adding Everolimus

When staining some cell lines, for instance, MCF7, it will have the
fundamental IF signals of pho-4EBP1 Thr37/46 and pho-S6K1 Ser424. It is
important to check these signals are the right signals we want. To prove this
result, we add Everolimus 500 nM after about 24hours and stain with pho-4EBP1
and pho-S6K1 antibody.

Figure 13 shows the combined expression of pho-4EBP1 and pho-S6K1
for Everolimus-sensitive cells (MCF7, BT474) and Everolimus-resistant cells
(MDA-MB-231, ABC-16TX1) for both control group and with Everolimus
500nM after 24 hours. Figure 13(a) represents the signals of MCF7 are decreased
after adding Everolimus. Figure 13(b) represents the signals of BT474 cell line
in Everolimus 500nM group are higher than control group. Figure 13(c) shows

that the signals of Everolimus-resistant cells are the same and it is obvious that
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MDA-MB-231 cell line and ABC-16TX1 cells are Everolimus-resistant cells.
BT474 cell line also has the higher resistance than MCF7 cell line. These results
also maybe be related to the expression of pho-GSK3p and negative feedback of
pho-AKT. If cells have some characteristics of resistance in Everolimus-
sensitive cells, the dynamitic change for pho-4EBP1 and pho-S6K1 will happen.
For Everolimus-resistant cells, the expression of pho-4EBP1 and pho-S6K1 will

almost unchanged. These results also show that signals are right in our research.
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Figure 13 Combined expression of pho-4EBP1 and pho-S6K1 for both control group and
Everolimus 500nM group for 24 hours (a) MCF7 cell line (b) BT474 cell line (c) MDA-
MB-231 cell line and ABC-16TX1 PDCC.

34 Epithelial-mesenchymal transition state and Everolimus
sensitivity

The efficacy of Everolimus is believed to be affected by the cellular program

EMT [12]. We used an EMT marker (vimentin) to interrogate this understanding.

Figure 14 represents results for four cell types. The expression of vimentin is

negative for BT474 and MCF7, which are sensitive to Everolimus. The

expression is positive for the other cells such as MDA-MB-231 and ABC-16TX1

which are resistant to Everolimus. This results explain the positive relation

between EMT state and the efficacy of Everolimus. However, this vimentin

results still do not list the sensitivity of Everolimus in order.
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Hoechst

Vimentin

BT474 MCF7 MDA-MB-231 ABC-16TX1

Figure 14 The IF expression of vimentin for cell lines. Red ones represent Vimentin
signals and blue ones represent the nucleus signals. The positive relation between
EMT state and the efficacy of Everolimus.

3.5 The arrangement of IF marker in rare cancer cells detection

In order to use the pho-4EBP1 and pho-S6K1 IF marker into the
application of rare cancer cells detection, we arrange the channels for these
markers. In this section, MCF7 cell line will be the model of rare cancer cells.
The CD45 antibody will be placed in the location of the FITC channel, which
distinguishes the white blood cells and rare cancer cells, meaning that the signals
of white blood cells will be positive. The pan cytokeratin C11+AE1/AE3
antibody will be placed in the location of the PE channel, where it detects rare
cancer cells. Pho-4EBP1-Thr37/46 add pho-S6K1 Ser424 antibody will be

placed in the location of the APC channel. The stained Hoechst will also be used
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to stand for the signal of the cell nucleus. Figure 15 shows the situation for MCF7
cell line in the blood and compares that for the white blood cells in healthy
people. For white blood cells in healthy people, CD45 expression is positive, pan
cytokeratin C11+AE1/AE3 expression is negative and the expression of pho-
4EBP1 and pho-S6K1 combined markers is positive. For MCF7 cell line, CD45
expression is negative, pan cytokeratin C11+AE1/AE3 expression is positive

and the expression of pho-4EBP1 and pho-S6K1 combined markers is positive.
(a) _
g

(‘ | .( . . .
(',( .

WBC-PH WBC-Hoechst WBC-CD45 WBC-CK CII+AEI/AE3  WBC-P4EBP1+PS6KI

MCE7-PH MCF7-Hoechst MCF7-CD45 MCF7-CK C11+AEI/AE3  MCF7-P4EBP1+PS6K

Figure 15 The arrangement of IF expression. (a) White blood cells in healthy people (b)
MCF7 cell line. The expression of CD45 will be arranged in FITC channel, the
expression of pan cytokeratin C11+AE1/AE3 will be arranged in PE channel and the
expression of pho-4EBP1+pho-S6K1 will be arranged in APC channel.
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Chapter 4

Conclusions

This study shows that immunofluorescence analysis can be used to
indicate the efficacy of mTOR inhibitor Everolimus on breast cancer cells
(Hs578T, MCF7, BT474, MDA-MB-231) and patient-derived cell culture
(ABC-82T, and ABC-16TX1). Immunofluorescence intensities of pho-4EBP1
Thr37/46 and pho-S6K1 Ser424 indicated that unlike each individual marker
which does not correlate with efficacy in Everolimus, the combined IF intensity
of these two proteins is representative of Everolimus efficacy. It also indicates
that mTOR resistance might be affected not only by AKT/mTOR but also by
LKB1 or MAPK/ERK pathway. In addition, the expression of LKB1 and pho-
GSK3p might also be potential markers for efficacy of the therapeutic agent. In
many treatment cases, mTOR therapy is combined with hormonal drug e.g.
Tamoxifen. Hence it is important to understand the effect of Tamoxifen in the

present IF analysis.
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