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Figure 1.3: The Central Dogma of molecular biology

This figure, adapted from Crick, {970, illust :s the central dogma of molecular biology which describes
the residue by residue transfer of sequential sequence information whereby DNA can be copied to DNA
through a process known as DNA replication or it can be copied into mRNA during transcription. Proteins
can be then subsequently synthesized using the information in mRNA as a template during translation
(Crick, 1970).











































As illustrated in T: e 1.1, Mi al., 2009 outlii  various transcription factors in
accordance to their infl  1ce on the progression of the original six hallmarks of
cancer. Moreover, prodt  of oncogenes and tumour suppressor genes are often

poti  transcription factors _ lees ef al., 2009). A number of developmental stages, as
well as cell type differentiation under the control of oncogenic transcription
factors. Moreover, the lo  of anti-oncogene TFs encoded by t 1our suppressor genes
has been known to result in carcinogenesis (Villard, 2004; Mees et al., 2009). For
example, germ-line mutations in TFs with tumour suppressor { ction have been
shown to be responsible r various hereditary cancers, such as Li-Fraumeni
syndrome, Wilms’ tumc  and retinoblastoma (Villard, 2004). (Refer to Darnell,
2002; Mees et al., 2009 for more  in-depth review on transci tion factors and

cancer).
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1.5.1 mierl Gene, Transcripts, & Protein Isoform Structure

mierl is a complexly organized 63 kilobase pair (kb) ge  that is located on
chromosome 1 at position p31.2 ( erno et al., 2002). The intricacy of its structural
organization stems from the fact t| it contains 17 different exons which, following
exon skip g, differential pol: lenylation, and both facultative intron and alternate

prom: rusage, give rise to 12 different nRNA  1scripts that can ult  ately be

translated into 6 distinct | ni orms (refer to Figure 1.5 for a gene structure
schematic) (Paterno et al., 200: 1is vast assortment of protein isoform production
derives from the aforeme:  one iscriptional and post-transcriptional processes at

either the 5' or the 3' end of  er/and its transcripts.
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Figure 1.5: mier! Gene Structure

This figure is adapted from Paterno et al., 2002. Lxons are numbered and the common region between
all mier! protein isoforms is indicated by the red dotted bracket.
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Figure 1.6 : mierl Transcript & Protein Isoform Combinations

This figure is adapted from Paterno ez al., 2002. The *gene structure” section can be used as a reference
to the exon numbers. [t also illustrates the alternate AUG start sites (ML, MAE) tor both of mier!’s
promoters, whereby transcription initiation at the first promoter, MLP-P1. results in N2 and the amino
acids ML. Although not depicted in the above figure, N, which includes the alternate exon 3A results in
the amino acid sequence MFMFNWFTDCLWTLFLSNYQ. Transcription initiation at the second
promoter, MAEP-P2, results in N3 and the amino acids MAE. Furthermore. the alternate poly A sites
are marked by PASi, PASIi, and PASiii. Below the “gene structure™ diagram the alternate transcripts
and their possible respective 5' and 3' ends are depicted. N1, N2, N3 represent the alternatc N-termini
and biii ,bii, bi represent the structural outcome of the alternate poly A sites respectively. The a and f
specific 3' ends are also indicated.

31






altering UTRs in promoter . : ¢ transcripts can potentially function to regulate

gene expression.

Full-length 5' ends of mier! were furthermore amplified using the 5' Rapid
Amplification of cDNA | (RACE) PCR method, and following sequence analysis
and Basic Local Alignment Search Tool (BLAST) comparison, the TSS of this
promoter was found to reside 1491  upstream of the MAEP-P2 ATG translation start
site (Ding, 2004; Ding ef al., 2( ). The following figure illustrates the structure of

this promoter.




1B

Figure 1.7: MAEP-P2 promoter structure

This diagram depicts the MAEP-P2 promoter region and the exon of miier! (exon 1B} that results
following transeription at this specific promoter. Exon 1B, represented by the blue box, is 121 bp long
and encodes the UTR as well as the first threc amino acids of the protein (MAIZ). The transcription

15 149 bp upstream of the ATG translation start sitc.

start site, represented by +1, t
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Furthermore, in silicoa  ysis of this promoter region revealed several
potential TFBSs, including wltip  binding sites for the Specii ty Protein 1 (Sp1)
family (Ding et al., 2004). F*-re 1.9 illustrates the location of these putative TFBSs.
The identi :d! 1 binding sites were further investigated with regards to their role in
regulating mier! transcri on from MAEP-P2 by electrophoretic mobility shift assays
(EMSAS5) using a probe consistir  >f the MAEP-P2 minimal promoter sequence and
a Spl-spe: ic antibody : inst HeLa cell nuclear extracts. Results demonstrated that
Sp! binds to the minimal prom er (Ding  al., 2004). Furtheri »re, this interaction
induced transcriptionatt MAE P2 promoter, as revealed from results following
co-transfection of MAEP-P1 luci e reporter gene deletion constructs and with Spl

expression vectors (Ding ef al., 2004).
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Figure 1.9: MAEP-P2 promoter CpG Island sequence & putative transcription

factor binding sites

‘This schematic illustrates the nucleotide sequence of the MAEP-P2 promoter region. Spl sites are
denoted by the navy blue boxes. Other transcription factor binding sites were also found lollowing in
silico analysis and are labelled, and the nucleotides constituting the binding sites are italicized with
distinct colors. The T'SS is represented by +1 and the beginning of the Cp( island is specified by the
llowing activation at the MAEP-P2 promoter is denoted by

red up-pointing arrow. Exon 1B encodec

the capitalized nucleotides.
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Figure 1.10: MLP-P1 promoter structure

T'his diagram depicts the MLP-P1 promoter region and the two exons (represented by the bluc boxes) of
mierl that are incorporated into mier/ transcripts following transcriptional ac  ation at the MLP-P1
promoter. Exon [A or UTR(a) is 137bp long, while exon 2A. which encodes tor UTR(b) of MLP-PI
specific mMRNA transcripts, also encodes for the first two amino acids (methionine and leucine) of the
protein. Exon 2A is 101bp long. The putative transcription start site, or +1. is thought to be at the
commencement of exon 1A and is 1279 bp upstream of the ATG translation start site. it the size of the
intron is included. The intron, which is 1046bp long, resides between exon 1A and 2A. Without the
intron included in the count, the TSS is 232bp upstream of the ATG translation start site. Although not
depicted in this schematic, exon 3A lies 2.58kb downstream of the MLP-P1 transtation start site.
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Figure 1.11: MLP-P1 proximal promoter sequence
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This figure illustrates the M1LP-P1 promoter proximal region sequences. Uppercase letters represent the
specific exons that are denoted by the boxes. The ATG translational start site. the putative TSS. and the
1046bp intron are also demarcated.
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Figure 1.12: Structure of mier! protein isoforms including protein functional
domains

This schematic represents the structure of the mier ! isoforms with emphasis on the varying structural
and functional domains. The common region shared by both isoforms is rcpresented by the orange.
purple, blue. and black boxes and consists of 410 amino acids. The acidic activation domains. of which
there are three in humans, are represented by the orange box and consist of amino acids 29-37. 72-94.
and 150-160 of the 410 amino acid common internal region. The ELM2 domain. depicted by the purple
box. consists of amino acids 169- of the common region. while the SW13. ADA2 ~ CoR. and
TFHIB (SANT) domain, denoted by the blue box consists of amino acids 277-321. The a- specific C-
terminal end is made up of 23 amino acids and the LXXI.1. domain is situated between the 3™ and 7%
amino acids of the C-terminal end. The B-specific C-terminal end consists of 102 amino acids whereby
the nuclear localization signal (NLS) is located between the 64™ and 70" amino acids of this C-terminal
end.








































Objective 2- Search for putative  man TFBSs residing in the MLP-P1 promoter
region in order o identify wheth.  sr not this promoter contains any putative TFBS

that interact with transcription factors that are dysregulated in breast cancer.

Objective 3- Characte. ' MLP-  promoter activity in various cell lines and

determine if promoter activity is ER status dependent.

Objective 4- Compare the activity of the two mierl promoi  in various cell lines to

determine if the  is prefer. ‘ial usa

Objective S- Investigate whether or not i  inclusion of exon 3A in mierl transcripts

affects the subcellular loc  ation of MIER I a.










adde to a new cell culture plate containing enough media to result in a final volume

of 10ml.

Sterile technique was strictly employed for all handling and subculturing of
cells, which was performed ina l: inar flow-hood (E-614, BioKlone). Prior to any
cell culture work, the laminar flow hood was exposed to ultraviolet (UV) light for at
least 5 minutes and wiped down with 70% ethanol. All equipment, media, and
reagents being brought into the laminar flow hood were wiped down with 70%
ethanol. Only specifically ¢ gnz  laboratory coats were worn in cell culture and

fresh new gloves were alv /s employed.
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Table 2.2: Cell line optimal confluency & subcultivation ratios
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Table 2.5: Primers used for cloning & engineering of MAEP-P2 luciferase
reporter gene deletion constructs
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MLP-P1 (-1708) pGL3
MLP-P1 (-2077) pGL3

N
MLP-P1 (-91) pGL3

)

MLP-P1 (-185) pGL3

MLP-P1 (-742) pGL3

Figure 2.1: Schematic of mier! MLP-P1 promoter region with reference to the
sequences incorporated into the MLP-P1 luciferase reporter gene deletion
constructs

Schematic depicts the MLP-P 1 promoter region. as well as the two exons (represented by the blue
boxes) of mier! that are incorporated into mier/ transcripts following transcriptional activation at the
ML.P-P1 promoter. Exon tA or UTR (a) is 137bp long. while exon 2A. which encodes for the
untranslated region UTR(b) of MLP-P1 specitic mRNA transcripts. is 101bp long. This ¢xon also
encodes for the first two amino acids (methionine and leucine) of the protein. The putative transcription
start site, or t1, is situated at the commencement of exon 1A and is 1278 bp upstream of the ATG
translation start site. it the size of the intron (represented by the yellow box) is included. Without the
intron included in the count. the TSS is 232bp upstream of the ATG translation start site. The 3’ start
positions of the nucleotide sequences contained in each respective luciferase reporter gene deletion
construct are represented with the yellow arrows.
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MAEP-P2 (-68) pGL3

MAEF (-312) pGL3

MAEP-P2 (-1316) pGL3

Figure 2.3: Schematic of the mier{ MAEP-P2 promoter region with reference to
the sequences incorporated into the MAEP-P2 luciferase reporter gene deletion
constructs

Diagram depicts the MAEP-P2 promoter region, as well as the exon of mier/! (exon 18) that results
following transcription at this specific promoter. Exon 1B, represented by the blue box.is 121 bp long
and encodes the UTR as well as the first three amino acids of the protein (methionine. alanine, and
glutamic acid). The transcription start site. represented by + 1. begins 148 bp upstream of the ATG
translation start site. The 5' start positions of the nucleotide sequences contained in cach respective
luciferase reporter gene deletion construct are represented with the vellow arrows.
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3 end of reporter ge  inser
(+125/-25) GATGTGACCC GGCAG' CAAA LG

Figure 2.4: DNA sequence of the MAEP-P2 promoter proximal region

The above figure depicts the mier! nucleotide sequence (Entrez Gene 1D: 57708) of the MAEP-P2
promoter proximal region spanning 563bp upstream of the ATG translational start sitc and 416bp
upstream of the TSS. The first number on the lett side is the nucleotide count with respect to the TSS
of MAEP-P2. where as the second number is the count with respect to the ATG start site. Three out of
the four MAEP-P2 specific reporter construct 3' sequence start sites are indicated. (Refer to Appendix 3
for the location of the additional upstream luciferase reporter deletion construct MAEP-P2 (-1316)
pGl.3 location.) The T'SS/ beginning of exon Ib is indicated. along with the A'VG translational start site,
which is denoted in red. Upperease letters demarcate the nucleotides in exon The location whereby
all MAEP-P2 luciferase reporter gene deletion construct inscrtion sequences terminate at the 3' end is
also denoted. and resides 6 bp upstream of the MAEP-P2 ATG translation start site.
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2.4.1 in silico Promoter Analysis & Primer Design

Four kilobase pairs of sequence upstream of the ATG translation start site,
2722bp upstream of the putative TSS (-not including the 1046bp intron) of the MLP-
Pl promoter was subjected to in silico promoter analysis using the following

programs:

Following in silico analysis, and using previously collected preliminary results
as a reference (refer to Appendix 4 Hr preliminary results), 5' pr 1ers and a 3" primer
were designed to anneal to specific regions of the MLLP-P1 promoter DNA sequence
between the MLP-P1 (-185) pGL3 and the MLP-P1(+37) pGL3 sequences. Table 2.6
lists the exact sequences of the primers developed. To facilitate eventual directional
cloning into the pGL3 empty vector, these primers were further engineered with a Bgl
Il restriction enzyme recognition site on the 5' primer and a Hine | restriction enzyme
site on the 3' primer (refer to Table 2.8). Furthermore, the newly designed primers also
contained several 5' flanking nucleotides (either cytosine (C), guanosine (G), thymine
(T), or adenine (A)) to enable the successful cleavage of the cloned product by the

restriction enzymes as described by New England BioLabs (New England BioLabs
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2009-10 Catalog & Tec! cal Re ence) with respect to the k tic and enzymatic

properties inherent to each respective

triction enzyme (Table 2.6).
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Table 2.6: Primers designed for the construction of MLP-P1 91) pGL3 and
MLP-P1 (-44) pGL3 luciferase reporter gene deletion constructs

Underlined sequences denote the restriction enzyme recognition sites (AGATCT  Bgl 1
restriction enzyme site; AAGCTT  Hindlll restriction enzyme site). The italicized letters
represent the additional nucleotides incorporated to enable successful cleavage by the
restriction enzymes.
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Table 2.7: Platinum” Tag DNA Polymerase High Fidelity master mix reagents

Master Mixes were calculated using 4.5 in the hypothetical 4 sample master mix so as to account for
pipetting error. Platinum High Fidelity Tag DNA Polymerase was added last to the master mixes.
following mixture of the other reagents.
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Table 2.9: Tag DNA Polymerase master mix reagents for colony screening

Master Mixes were calculated using 4.5 in the hypothetical 4 colony master mix so as 1o account for
pipetting error. Tag DNA Polymerase was added last to the master mixes, following mixture of the

other reagents. Then. the pipet tip that came into contact with the bacterial colony to be screened was
submerged in a tube containing 25p! of the PCR master mix.



















Table 2.11: Cell line seeding densities for 6-well plates
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¢ hsamplewast 1tran +a 96-well plate (Corning) 1 the absorbance at
415nm was read for each sample  ing a spectrophotometer. Raw beta gal data was
then corrected  andnc  ili  laccording to the value of the blank readings and

time of assay duration by dividing the value of the 415nm sample reading minus the

415nm blank reading by the B incubation time period.
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the Cool Snap system ve on 1.1 _ uper Scientific). Slides w : stored at 4°C in the

dark in order to avoid bl hing and degradation of the staining.
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Table 2.13: Cell line seeding densities for 8 well-chamber slides
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MCF7 cells express ERc  1d have longb  used as a standard model for breast
cancer (Kern et al., 2004; Lever n & Jordan, 1997). For our p »oses, they served as
a suitable model to begin the MLP-P1 promoter activity analysis. Forty-eight hours
following transfection, cells were  ‘vested and cell lysates were collected. Relative
luciferase units (RLUs) were then measured using the luciferase assay protocol as
described in section 2.7.2. RLUs :ach sample were normalized to B-gal assays
values, which measuredt sfe on efficiency, as well as to the protein level readings
obtained following experiment bio-rad. Bio-rad assays took into
consideration the amount of pr. nir ch  nple which reflects the number of cells

collected.
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MLP-Pa(-1708) pGL3
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Figure 3.1: Schematic ¢ : reporter gene deletion ¢ structs used for the
characterization of the ind maximum promoter activity regions of

MLP-P1 in MCF7 breast cancer cells

: [LP-P1 putative
ation const
MLP-P1

This schematic depicts the
prom¢ regionir sclo 1
that was used in section 3.1 1
proximal promoter region m2.2.3.1.
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Figure 3.2: Characterization of the MLP-P1 promoter region of mierl in MCF7
cells

MCE7 cells were seeded at a density of 3 x 10" cells/well of a 6-well plate and grown in DMEM for
approximately 18 hours. Cells were then transfected with Tpg of MLP-PI luciferase reporter gene
deletion construet and 0.25pg of pRSVB-gal. Cell lysates were collected 48 hours following
transtection and relative luciferase units were measured. BioRad and B-gal assays were preformed so
as (o collect necessary data in order to normalize the RLUs to the transtection cfficiency as the amount
of protein per sample as described in sections 2.7 .Each luciferase reporter gene construct was
transfected into triplicate wells and the above data constitute a n=>5. Statistically significant difTerences
between specitie constructs compared to the pGL3 empty  vector are denoted by an asterisk whereby
p<0.001 for the MLP-P1(-1077) pGL3. MLP-P1(-742) pGL3, and MLP-P1(-185) pGL3 luciferase
reporter gene deletion constructs. p<0.05 for the MLP-P1 (-1708) pGl.3 and MLP-P1(-91) pGL3
reporter constructs.
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Figure 3.3: Characterization of the MLP-P1 proximal promoter region of mier!
in HEK 293 cells

HIEK 293 cells were sceded at a density of 5 x 10° cells/well of a 6-well plate and grown in DMEM for
approximately 18 hours. Cells were then transfected with 0.5 pg of MLP-P1 promoter sequence
luciferase reporter gene deletion construct, 0.25ug of pRSV3-gal. and 0.5ug ERa pCDNA3. Cell
lysates were collected 52 hours following transfection and relative light units were measured. BioRad
and P-gal assays were preformed so as to collect necessary data in order to normalize the RLUS to
sample specific transfection efficiency and protein level as described in section 2.7. Each luciterase
reporter gene construct was performed in triplicate and n=7. Statistically significant diftcrences
between all constructs compared to the pGL3 empty vector are denoted by an asterisk whereby p<
0.001for MLP-P1(-185) pGL3 and MLP-P1 (-91) pGL3 and p<0.05 for MLP-P1 (-44) pGL3 and MLP-
P1(+37) pGL3. Furthermore, all differences in luciferasc activity between cach respective construct
were statistically significant with the exception of MLP-P1(-44) pGL.3 vs. MLP-P1 (+37) pGL3. P
values for these differences are as follows: a) MLP-P1 (-185) pGL3 vs. all other constructs resulted in
p<0.001 b) MLP-PI(-91) pGL3 vs ML.P-P1 (-44) pGL3 and MLP-P1{+37) pGL3 resulted in p<0.01.
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Figure 3.4: MLP-P1 promoter activity across multiple breast cancer cell lines

varying in ER status

MDA MB 231 cells, 1155787 cells. T47D cells and MCE7 cells were seeded at a density of 3 x 10°
cells/well and in a 6-well plate and grown in cell type specific supplemented DMEM for approximately
18 h. Respective wells were then transtected with 0.5pg of MLP-P1 luciferase reporter gene deletion
construct, 0.5pg pCDNA3 empty vector, and 0.25ug of pRSV-gal. Cell lysates were collected 48
hours following transfection, and retative luciferase units were measured. BioRad and B-gal assays
were preformed so as to collect necessary data in order to normalize the RLUs to transfection efficiency
as well as protein levels as described in section 2.7. LZach luciferase reporter gene construct was
transfected into triplicate wells and the above data constitute: n= 4 (MB MDA 231 cells), n=3 (147D
cells). n=3 (Hs578T cells). and n=5 (MCF7 cells). Figure 3.4A represents rele
plotied with respect to the MLP-P1 luciferase reporter gene deletion construct data on the X axis for
Hs5787 cells whereas Figure 3.4B depicts such results for the MDA MB 231 cells (please refer o
Figure 3.5 which contains a different y axis scale in order to further distinguish actual RLU values for
this particular cell line), Figure 3.4C represents the T47D cell line, and Figure 3.4D represents data

from the MCF7 cell experiments.

¢ luciferase units
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Figure 3.5: MLP-P1 promoter activity in MDA MB 231 cells

MDA MB 231 cells were seeded at a density of 3 x 10° cells/well and in a 6-well plate and grown in
cell type specific supplemented DMEM for approximately 18 hours. Respective wells were then
transfected with 0.5pug of MLP-P1 luciferase reporter gene deletion construct — Spg pCDNA3 empty
vector, and 0.25ug of pRSVB-gal. Cell lysates were collected 48 hours following transtection. and
relative luciferase units were measured. BioRad and B-gal assays were preformed so as to collect
necessary data in order to normalize the RLUS to transfection efficiency as well as protein fevels as
described in section 2.7. Each luciferase reporter gene construct was transfected into triplicate wells and
the above data constitute: n= 4 (MB MDA 231 cells), This figure represents the exact same data
illustrated in Figure 3.4 B, however the values on Y axis arc lower so that the MDA MB 231 relative
luciferase units arc more casily observable. Due to the fow R1.U values obtained in this specific cell
line. when compared to scale with the other breast cancer cell lines, it is difficult to sce the MLP-Pt
promoter activity pattern. As in Figure 3.4, the RLUs are plotted with respect to thc MLP-P1 luciferase
reporter gene deletion construct data on the X axis.
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much lower than those gent :ed by HEK 293 cells (with a ratio of 8.84:1 for the

MLP-P1 (-185) pGL3 RLU values of HEK 293 cells: MDA MB 231) (Fig 3.6).

The principal dift es| ween the breast cancer cell 1e-specific activities
did notalv 'scorrelates ifi ly' h ER status. Even though the ER+ cell line
RLUs were quite proportional, the R- Hs578T cells produced very dis ¢t RLU

levels from the _..- MDA MB 231 cells (p<0.001).
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Figure 3.6: Comparison of the MLP-P1 promoter activity across multiple breast
cancer cell lines varying in ER status and the non-cancerous EK 293 cell line

MDA MB 231 cells, 1155787 cells. T47D cells and MCF7 cclls were sceded at a density of 3 x 10°
cells/well and HEK 293 cells were secded at a density of 5 x 10° cells/ well in a 6-well platc and grown
in cell type specific supplemented DMEM for approximately 18 hours. Respective wells were then
transfected with 0.5ug of MLP-P1 luciferase reporter gene deletion construct, cither 0.5pg ERa
pCDNA3 (for HEK 293 cells) or pPCDNA3 empty vector (for all breast cancer cell lines). and 0.25ug of’
pRSVp-gal. Cell lysates were collected 52 hours (for HEK 293 celis) or 48 hours (for all breast cancer
cell lines)'® following transfection. and relative luciferase units were measured. BioRad and B-gal
assays were preformed so as to collect necessary data in order to normalize the RLUS to transfection
efTiciency and protein levels as described in section 2.7. Each luciferase reporter genc construct was
transfccted into triplicate wells and the above data constitute: n=3 (293 cells), n= 4 (MB MDA 231
cells). n=3 (T47D cells). n=3 (Hs578T cells). and n=5 (MCF7 cells).

¥ MB MDA 231, Hs578T, T47D and MCF7 cell experimental data used for this particular comparison of MLP-P1
promoter activity was not obtained from negative control groups investigating the effect of estrogen on MLP-P1
promoter activity and thercforc cells were left to grow 48 hours following initial transfection of the reporter gene
deletion constructs and expression vectors.
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(-249/-1528) gtggcegacca gotggggagt  ggtgeaccac cocttttttt gaoogectet  gaaqgtooctqg
(-189/-1468)

(-129/-1408)

Figure 3.7: The sequence of the 94bp stretch of nucleotides residing between the
5" starting positions of the MLP-P1 promoter region inserts . ned into MLP-P1
(-185) pGL3 and MLP-P1 (-91) pGL3

This tigure depicts the mier ! nucleotide sequence (Entrez Gene [D: 57708) of the MLLP-P1 promoter
proximal region that resides between 249 to 129 bp upstream of the putative TSS of MLP-P1. The
location of the 5' starting position of the MLP-P1 promoter region insert cloned into both MLP-PT (-
185) pGL3 and MLP-P1 (-91) pGL3. As cvident by this figure. the difference between these two
constructs is that MLP-P1 (-185) pGL.3 contains 94 cxtra upstream nucleotides than does MLP-P1(-91)
pGL.3, the exact sequence of which is italized and printed navy blue. It is this 94bp scquence that results
in the difference of activity stemming from these two respective MLP-P1 luciferase reporter gene
constructs. With reference to the nucleotide count on the left side, the first number is the nucleotide
count with respect to the putative TSS of MLP-P1 where as the second number is the count with respect
to the ATG translation start site.
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Table 3.1: Putative human transcription factor binding sites in the MLP-P1

promoter proximal region residing between -185 and -91bp from the MLP-P1

putative TSS
1 ranycripuon raement pLranscriptuon LENe KEgukatIvn-
Search System Factor Binding Ali Baba 2.1
Site"’

c-myb SRY
AD Yn A Hcen

L1V
Ar-1 AP-1
E2F + p107
CAC-Binding Protein
c-Myc
GCF

CUNDII L

NRF-2
TEF-1
FREAC-4

— e~

» Human TFBSs found by at least two different search engine/algorithm programs that
were located in the same position of the MLP-P| promoter region encompassing the

same nucleotides are bolded, italicized, and outlined by a red box.

¥ This particular search engine was employed using 85% & 80% homology search parameters.
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Table 3.2: Putative human transcription factor binding sites in the MLP-P1
proximal promoter region outside residing between -91bp to -44bp from the
MLP-P1 putative TSS

Liamcripuon Liciem ] I'ZIIISCl'IplIUII rdciuor wuene Kegumuon- CUNDLILR

Search System Binding Site Ali Baba 2.1

C/EBPa CRER
c-Ets-1 VIAA

AT =4 WA C/EBPa .

AP-2aB cemeeen - ... -Kappa

Maz enns Yo SIS

LF-Al Thingl-E47

77T ling Protein

/L2

c-Ets-2

TCF-2 o

PEA3

GCF

» Human TFBSs found by at least two different search engine/algorithm programs that
were located in the same position of the MLP-P1 promoter region encompassing the
same nucleotides are bolded, italicized, and outlined by a red box.
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The exact se et
annotated with red boxes
refere  :to theirre | :cti
These particular human

sequence analysis progran

of -

: depit

ati

’S W

TFBSs listed in Tables 3.1 & 3.2 that were

1in F* ire 3.8, which plots the TFBSs with

within the MLP-P1 promoter proximal region.

detected by at least two different in silico
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(-249/-1528)

gtggcgacca

MLP-P1(-185) pGI =

(-189/-1468)

(-129/-1408)

(-69/-1348)

(-9/-1288)

(+112/-1168)

(+1181/-95)

(+1241/-38)

tacc Zaag

ral-1 .1

cgg
cgaggag
Ci
il —
GTCTCCCGGC
TGGCGGCGGC
Fvnn 2A

STGT

CCAACTGGTT

gctggggagt

ctcecteegtt

tggagccctyg

TGCAGGCGGA

AGCAGCGGCA

GGTCGCTCGA

GAGGTTCAAT

ggtgcaccac cccttttttt
agcggcetcgg gccgaggetce
MLP-P1{-91) pGi

gctcaacaag cggcco

iL3

jttg

MLP-P1

SCTC

c-REL

TGGATGGGGC TTCTTCAGGC GGTGGCGGCA  GCAGCGAAGG
GCGGCT. v v e e e 1046bp Intron..........c....
TTCTCCCAGT GCCTGGCTGA GTTTCGGACG  TGGTTAAGAA
GCAGACAAGA CGGATGT TG

Figure 3.8: Putative human transcription factor binding sites in the mier] MLP-
P1 promoter proximal region

This tigure illustrates the location and sequences of the following putative human TFBSs: Spl. CREB,
USF. C/EBPB. and C-REL. These putative TFBS were found and described in at least two of the
employed transcription factor in silico analysis programs as described in section 2.4.1 and 2.10. The
locations of the 5 starting positions of the insertion sequence of each MLP-P1 promoter proximal
luciferase reporter gene deletion construct are also indicated. The first number on the left side is the

nucleotide count with respect to the putative TSS of MLP-P1 where as the second number is the count
with respect 1o the MLP-PI ATG translation start site.
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Annotations:
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Figure 3.9: Graphical depiction of sequence homology of
mierl’s MLLP-P1 promoter region across six different species
compared to the human sequence

Human mier! MLP-P1 promoter sequences consisting of the established
minimal and maximal promoter regions were compared to the following
species: rhesus (chimpanzee), dog. horse, mousc, and chicken. This comparison,
using the vista browser tool, aligned pre-computed and established genome
sequences in order to calculate the percent conservation between these
respective species as compared to the human sequence. The percent
conservation is depicted on the y axis of the graphs in this figurc. which wasg
obtained following the vista browser tool analysis. Further annotations
appearing in this figure are explained in the legend located to the lett.
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luciferase activity :as |, whereby the MAEP-P2 (-68) pGL3 reporter gene
deletion consti :tisthe illest |uence significantly up-regulated above the pGL3
empty vector control (p<0.001). Furthermore, Figure 3.11 demonstrates that MAEP-
P2 (-312) pGL3 contaii . the MAEP-P2 nucleotide quence that produced maximal
promoter activity in MC  cells. Refer to Appendix 5 for results following these exact
same experiments in HEK 293 cells, which further recapitulate this established

promoter activity pattern.
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MAEP-P2 (-312) pGL3

MAEP-P2 (-1316) pGL3

Figure 3.10: Schematic of luciferase reporter gene deletion constructs used for
the initial characterization of MAEP-P2 promoter activity in MCF7 cells

This schematic depicts the MAEP-P2 promoter region and the 57 starting position of the MAEP-P2
putative promoter region inserts cloned into cach individual MAEP-P2 luciferase reporter gene deletion
construct that was uscd in this current section (scction 3.4.1). Additional notation depicted in this
schematice describes the MAEP-P2 proximal promoter region which is further described in section
2.2.3.2.
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Figure 3.11: Characterization of the MAEP-P2 promoter region of mierl in
MCF7 breast cancer cells

MCI7 cells were seeded at a density of 3 x 10° cells/well of a 6-well plate and grown in DMEM for
approximately 18 hours. Cells were then transfected with tpg of MLP-P1 lucilcrase reporter gene
deletion construct and 0.25pg of pRSV-gal. Cell lysates were collected 48 hours following
transfection and relative luciferase units were measured. BioRad and $3-gal assays were preformed so
as 1o collect necessary data in order to normalize the RL.Us to protein levels and transfection etficiency
section 2.8. Each luciferase reporter gene construct was transfected into triplicate wells and the above
data constitute an n=5. Astericks denote statistically significant differences between the RL.Us
stemming from the luciferasc reporter gene deletion constructs and the pGL3 empty vector negative
control (p<0.001 for each comparison).
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ER- Hs578T cells produ  very . inct RLUs levels from the ER- MDA MB 231

cells. The ER+ cell line RLU levi ; however, were comparable.
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Figure 3.12: Analysis of the MAEP-P2 promoter activity across multiple breast
cancer cell lines varying in ER Status and the HEK 293 non-cancerous cell line

MB MDA 231 cells, 1185781 cells. T47D cells and MCE7 cells were sceded at a density of 3 x 10°
cells/well and HEK 293 cells were seeded at a density of 5 x 107 cells/ well in a 6-well plate and grown
in cell type specific supplemented DMEM for approximately 18 hours. Respective wells were then
transfected with 0.5pg of MAEP-P2 luciferase reporter gene deletion construct. cither 0.5pg ERa
pCDNAS3 (for HEK 293 cells) or pCDNA3 empty vector (for all breast cancer cell lines). and 0.25pg of
pRSVB-gal. Cell lysates were collected 52 hours (for HEK 293 cells) or 48 hours (for all breast cancer
cell lines) following transtection. and relative luciferase units were measured. BioRad and B-gal assays
were preformed so as to colleet necessary data in order to normalize the RLLUS to protein levels as well
as transfection efficiency levels as described in section 2.8. Each luciferase reporter gene construct was
transfected into triplicate wells and the above data constitute: n=3 (293 cells). n= 4 (MB MDA 231
celis), n=3 (T47D cells). n=3 (1Hs578T cells), and n=5 (MCF7 cells). Astericks denote statistically
significant difference between the MAEP-P2 (-312) pGL.3 luciferase reporter gene deletion construct
and the pGL3 empty vector for each respective cell line (p<0.001).
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activated over | AEP-P2 ¢ Id betwe. theres :tive cell lines, and is succinctly
illustrated by Figure 3.13 dF e 3.14. Figure 3.14 specifically depicts the
respective fold increases  ween these two constructs that :nerate maximum
promoter activity at both  er/ promoters. Interestingly, the d ee to which MLP-P1

was stimulated over MAEP-P2v  h est in ER+ cell lines.
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Figure 3.13: Comparison of MLP-P1 vs. MAEP-P2 promoter activity across
multiple breast cancer cell lines varying in ER status and the non-cancerous
HEK 293 cell line

MB MDA 231 cells, Hs578T cells. T47D cells and MCF7 cells were seeded at a density of 3 x 107
cells/well and HEK 293 cells were seeded at a density of 5 x 10° cells/ well in a 6-well plate and grown
in cell type specific supplemented DMEM for approximately 18 hours. Respective wells were then
transfected with either 0.5pg of MAEP-P2 luciferase reporter gene deletion ¢ struct or MEP-P
luciferase reporter gene deletion constructs. and either 0.5pg ERa pCDNA3Z (for HEK 293 cells) or
pCDNA3 empty vector (for all breast cancer cell lines). and 0.25pug of pRSV-gal. Cell lysates were
collected 52 hours (for HEK 293 cells) or 48 hours (for all breast cancer cell lines) following
transfection, and relative luciferase units were measured. BioRad and #-gal assays werce preformed so
as 1o collect necessary data in order o normalize the RLUs to transfection efficiency and protein levels
as described in section 2.7. Each luciferase reporter gene construct was transfected into triplicate wells
and the above data constitute: n=3 (293 ce ). n=4 (MB MDA 231 cells). n=3 (147D cells). n—3
(Hs578T cells), and n=5 (MCF7 cells).
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Figure 3.14: MLP-P1 (-185) pGL3 vs MAEP-P2 (-312) pGL3 luciferase activity
comparison across various breast cancer cell lines and HEK 293 cells

MB MDA 231 cells. Hs578T cells, T47D celis and MCF7 cells were seeded at a density of 3 x 10°
cells/well and HEK 293 cells were sceded at a density of 5 x 10° cells/ well in a 6-well plate and grown
in cell type specific supplemented DMEM for approximately 18 hours. Respective wells were then
transtected with cither 0.5pg of MAEP-P2 luciferase reporter  ne deletion construct or MLP-P
luciferase reporter gene deletion constructs, and either 0.5ug 1:xa pCDNA3J (for HEK 293 cells) or
pCDNA3J empty vector (for all breast can cell lines). and 0.25ug of pRSVB-gal. Cell lysates were
collected 52 hours (for HIEK 293 cells) or 48 hours (for all breast cancer cell lines) following
transfection, and relative luciferase units were measured. BioRad and B-gal assays were preformed so
as to colleet necessary data in order to normalize the RLUs to transfection efficiency and protein levels
as described in section 2.7. Each luciferase reporter gene construct was transfected into triplicate wells
and the above data constitute: n=3 (293 cclis), n=4 (MI3 MDA 231 cclls). n=3 (T47D cells). n—3
(Hs578T cells), and n=5 (MCF7 cells). This figure graphs the ratio of the normalized relative luciferase
units stemming from the maximum promoter activity producit  mierlpromoter luciferase reporter gene
deletion construct for cach cell linc. The ratio is as follows: Mur-P1 (-185) pGL3: MAEP-P2 (-312)
pGl.3 and is specified by the y axis. The ccll line is specificd on the x axis. IER- cell lines arc
represented by the blue columns while the ER+ cell lines arc represented by the red columns.
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Figure 3.15: Subcellular localization data of mierl isoforms derived from
transcripts either containing or lacking the 74bp insert encoded by exon 3A in
MCF7 breast carcinoma cells

MCF7 cells were seeded at a density of 15,000 cells/ well in an 8-well chamber slide and grown in
MCF7 specitic supplemented DMEM for approximately 18 hours. Chamber slide wels were then
transfected with 0.26pg of either pCS3+MTmierla. pCS3+MT mierla exon 3A | the MY C-tagged
control vector (pCS3+MT), or were left untransfected. Forty cight hours following transfection, cells
were {ixed with 4% paraformaldehyde and ICC was performed with an antibody specific for the MYC
tag. Stained cells were counted and categorized as either having nuclear, cytoplasmic. or whole cell
staining. The y axis represents the proportion of cells in cach category whereby the x axis denotes the
specific transfected mier! isoforms and the tagged control whereby the isoform produced trom
transfection with pCS3+MTmier/a is termed MIERT alpha and the isoform produced from produced
from pCS3+MT mierla exon 3A transtection is termed MIER1 3A alpha. “Control™ represents the
MY C tagged-control pCS3+MT. n=4 for both MIERT alpha and N.._ 1 3A alpha while n=2 for the
control tag. Astrixes represent si_ icant differences between each category: MIER1 alpha: nuclcar
staining vs cytoplasmic (p<0.001), and nuclear vs whole cell staining {(p<0.001): MIERI 3A alpha:
nuclear staining vs cytoplasmic (p<0.001). nuclear staining vs whole cell staining (p<0.001): tag
control: nuclear vs whole cell staining (p<0.001), and cytoplasmic vs whole cell staining (p<0.001).
Comparison between MIERT constructs: 1. MIER1 alpha nuclear staining vs MIER ! 3A alpha nuclear
stainin= p<0.001; 2. MIER | alpha cytopla ic staining vs MIER 1 3A alpha cytoplasmic staining=
p<0.001: 3. MIER alpha whole cell staining vs MIER | 3A alpha whole cell staining= p>0.05.
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Figure 3.17: Effect of Leptomycin B treatment on mierl isoform subcellular
localization in MCF7 cells

MCF7 cells were seeded at a density of 15.000 cells/ well. in an 8-well chamber slide and grown in cell
line specitic supplemented DMEM for approximately 18 hours. Chamber slide wells were then
transfected with 0.26pg of cither pCS3+M Tmierla, pCS3+MT mieria exon 3A _the MY C-tagged
control vector (pCS3+MT), or were left untranstected. Forty hours following transfection 10ng/ml of
LMB was added to each well (equal volume of 0.1% cthanol. which is the vehicle for the I.MB. was
added to non- treatment wells). Eight hours following LMB treatment (forty cight hours following
transfection), cells were fixed with 4% paratormaldehyde and [CC was performed with an antibody
specitic for the MY C tag. Stained cells were counted and categorized as cither having nuclear,
cvtoplasmic, or whole cell staining. The y axis represents the proportion of ecells in cach category
whereby the x axis denotes the specific transtected mier! isoforms and the tagged control whereby the
isoform produced from transfection with pCS3+MTniier /o is termed MIERT alpha and the isolorm
produced from produced from pCS3+MT mieria exon 3A transfection is termed MIER T 3A alpha (n=7
for all conditions except MIER T 3A alpha —-1.MB whereby n=6).
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Figure 3.18: Effect of ]
localization in HEK 29
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Appendix 1 — mier! MLP-P1 Promoter Region showing Location of §' Starting
Points for Insertion Sequences that were cloned into MLP-P1 Luciferase
Reporter Gene Constructs

(=1844%/-3128) . .. ...

(-1809/~-3084)ctacagtatt

(-1749/-3028) ttttcatcat

(-1689/-29n8) tatagcttag

(-1629/-2908)tctacgtttg

(-1569/-2848) tatttctcag

(-1508/-2788)agataccagc

(-1449/-2728)gtggtttcte

(-1389/-2668) cactgcttea

(~=1329/-2608)attgctggct

(-12649/-2548) ccatattcaa

(-1209/-2484) aaagattagce

(-1149/-2428) ttttggggga

(-1089/-2368) caagtccaca

(-1024/-2308) t.gttggaagc

(-964/-2049)

ctctactaca

(-906G/-22188)

cgtctgggcea

(-849/-2128)

gtgctagaac

(-789/-2068) tttattttat

(-729/-2008) gcacgatctce
(-664/-1948) cctcccaagt
(-609/-1888) ttagtacaga

cagtacagta

tatgcaaaca

gtgtacagtc

tgtaagtaca

aaggtatcac

aaaggatctg

agaacccaaa

ttcaaaaaga

ttcatagaag

gagagaatgc

tgaggtggag

acttagtggg

atgtttacat

acatget

ccatttagtg

tactatacaa

ctagaagatd

catcgatgca

ggaaaggtga

taaagctttt

atgaaactgt

ctgttttgat

aaggttctcet

gagattggag

cagcattacyg

LP-P1(-1077) pGL3

c gty

aggaattagt

gagcacagea

cagratgaaa

gatggttcta

cttattttte

ggcttractgc

agctgggatt

cggggtttcea

cttttetaca

tttaaagtaa

atgttcggcec

gcat caaget

aaccaggtot

agacagagtao

aacctrcecogoec

acaggcatgt

ccatgttgge

acacaaatact tagcattgtg

ILP-P1{-1708) pGL3

~aggttggta gcoctagaage

tacttacaca aacctagatg

ttgtagccta ggtgtatagt
tttgcaaaat gctgaaattq
tgactgtatt tagttatggt
aaccatgaac caagacdaaga
caaagatcga

gaagcgataa

ggatcagceca ttgtatttgg

ggagtggtag gatggacaaa
cccaagaact  ctcaacaagt
aggggaagag aaaacaaatt
ggcagcgcta aggaaccatt
gtcttgttca artgctgcat

gatggtattg acgagacgac

tggtggetca  cagaagotga

tgagagactg caggcecttaa

tttctcacac agcadagitdca

MLP-P1{-742) pGL3

tcgeoteoctgtt  goto <

ttccgggtte  aagggattcot
gcraccacgt

coeqggetaact

cagcctggac  gotaacttcet

ttacaattqgoe

aacaaatygca

tatagcctac

ageccataca

gotaacaagg

agtgaggaac

actaggaaga

accogaccga

ttgcatggcet

agegtgagta

tceoegetgaag

acttagggaa

taaagtaaga

dadcaacagaa

aataaaatac

ggctettgaa

caaactagaa

gcaatagaga

gagtgcaacg

cectgectoag

ttttgtattt

gacctcaggt
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(-549/-1R8"8)

(-489/-1768)

(-429/-1708)

(-369/-1648)

(-308/-1588)

(=244/-1508)

(-1849/-1468)

(—129/-1408)

(~64/-1348)

(-9/-1288)

{(452/-1228)

(+112/-1168)

(+1181/-9%)

(+1241/-38)

gqatccacoecc actcoggecte

coragtagag attcottttaa
agcttcaagg tctacagact
ggtatctatt aatagaaggg
gucggaactt  acaacccgaa
gtggcgacca gctggggagt

ILP-P1(-185) pGL3
iag ctcecctecegtt

tggagccetg

atqggegacgqg

cgaggaggag ggcggaggoy

Purative TSS/ Exon 1A

ggacgace TGGAAGAAGG

GTCTCCCGGE  TGCAGGCGGA

TGGCGGCGGC  AGCAGCGGCA
o= 2A
GTCT GGTCGCTCGA

CCAACTGGTT GAGGTTCAAT

coaaagtygcece

agactgoyggt

gaaccragtt

ctoecoteoygg

gltctgetge

gagtgcaccac

ageggcet cgg

gggattacag gtgtgaguea
aggtcgataa aggagacatt
agggtagggce ccctttcocaa
gtcccagggg gatggactac

ttgtgactgc ctgoecggaga

cocttttttt  ggoecgeotet

gecgaggetce  cggaatgttt

MLP-P1 (-91) pGL

gcteaacaag

cggee grtggcetgge

ILP-P1(-44) pGL3

gagq 3

AGGCLGGLGG

TGGATGGGGC

GCGLET . .. ..

TTCTCCCAGT

GCAGACAAGA

cagagggttg gtggaqgetgg

MLP-P1(+37) pG

CCCGGGCETC AL cc

TTCTTCAGGC

GGTGGCGGEA

GCCTGGCTGA  GTTTCGGACG

CGGATG" G

cegegeceag

gtggoctagg

atccagaaat

ggtttttage

gactggeatg

gaagtuecctg

geogyggegto

qgeacgaqge

aggaaqgaotec

CAGGCTCTGA

GCAGCGAAGG

TGGTTARGAA

» Nucleotide counts include the number ot base pairs from the putative TSS (first
number) and the ATG translation start site (second number). The 1046bp intron is
also included in the count. The 5' starting position of each MLP-P! luciferase reporter

ed. The capital letters indicate UTR sequences

gene deletion construct is indi

originating from either exon 1A or 2A as marked. The TSS is also denoted.

227



Appendix 2- mier] MLP-P1 Region Intron Sequence

(+138/-1178)

(+198/-1118)

(+258/-1058)

(+318/-998)

(+378/-938)

(+438/-878)

(+498/-818)

(+558/-758)

(+618/-698)

(+678/-638)

(+738/-578)

(+798/-518)

(+858/-458)

(+918/-398)

(+978/-338)

(+1038/-278)

(+1098/-218)

(+1158/-158)

(+1218/-98)

(+1279/-38)

tctctceceect

ctctecttece

ggctgccegcea

tcctecectet

ccgegetggg

cccagteggg

ttcecctcecact

gcagcgecct

atagggtatt

gatgccegeco

agcctatctg

cttcagtttt

acttatgtaa

ttgactgaac

attcctttat

ttgtcatggg

atggtgagct

CagATGGTGT

CCAACTGGTT

tctattcceag

cctcececceac

gaacgcgcect

ggccatcgac

aatccgetge

gtggggctaa

tgtgtcccat

gggccaactt

actgtaagga

gctctttact

tggtcecctge

ccctatttaa

ttacaagatt

cttcttcact

cattagttac

atccttgtcec

tgtatcatcg

GGTCGCTCGA

GAGGTTCAAT

tttgggatga

ggcagtgtac

ggcttgctct

tgcctccecag

ggagtgagtt

gctgaccacce

ccccgggagg

gcecctttteg

aacgaggtcc

cttgttcttt

atgctgtgta

agcttcctece

gacttggcta

tatgggtgga

aaattgcatg

tgattccega

tttctgtecte

TTCTCCCAGT

GCAGACAAGA

ggggctcectg

cgcceggaag

ccgcecggcetg

cgecgecttt

cgcctegece

ctgctgtgge

ctctecgettg

gatggagtca

tcctagecgeg

cagcttgtag

accttgagcg

aacgctagaa

ttgaggccgce

atgaggcgac

acttaaggct

ccatcttttt

cttgctactg

GCCTGGCTGA

CGGATG”

agtgcagcecct

aggtgtcctce

acccttaact

ccaaaggcoge

ttgeccttege

cgttcgette

tccgecectett

cactgcagcce

gggagggagg

tgggaggatc

tggctaggtc

agtcactatc

ttctgcattt

ttcaccaaga

ctatttattg

cattaaatgt

aaaaatgcga

aggctctett

GTTTCGGACG

ré

ccacaageca

agtccccettt

teeggggagg

atgcgceaget

ggtggtggcyg

ggtccctgat

tctectgtat

tttatggtga

agagactcga

ccttgggaca

cetggectgg

cctectetggg

ctgcagaaga

tgacccggag

ggtcgetttt

ttttctaaaa

aacagggtgg

teectttgatoe

TGGTTAAGARA
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» Capital letters denote Exon The ATG translation start site of I .P-P1 is indicated
by the red box. N jide counts inclu  the number of base pairs from the putative
TSS (first number the ATG translation start site (second number).

229



Appendix 3- mier] MAEP-P2 Promoter Region & Location . Primers used to
Engineer Luciferase Reporter Gene Constructs

AAEP-P2 (-1316) pGL3
(-13l6/-1465)cC jtct gtggactctt ttectgteraa  attaccaggt aatgtecttt  cacttageag

(-1256/-1405)ctacttcata tatctgtaaa tgragtttat tcatgcacag attattattg gacataacag
(~1196/-1345) tttcaaatta acattgaatc tttggaaata ggaaaatgct tgatagagte tagaatttta
(-1136/-1285)agggaatata aataatttaa tagccteocoe tatattgeat tataagttaa gtattaactt
(-1076/-1225) taagaaaaat tgtatatgta cacatttatg caatgtagta ttggttcaca ttatttggaa
(-1016/-116%)ggaatgaata attctcgtat ttaaatggtt gattttggta gecacttttyg aaactgcatt
(-956/-110%) aagaggaacc cttgaagatt aggaaaadada tcccagtctt ttgaaataaa gactttcaaa
(-896/-1045) ctggtttagt aaaatatgtt agtgactgtt ttaatgtcac ctttgtgtta tleagtatgt
(-836/-985) gccttagtat aatggaagtg aadcatgtta gttactttga aatcattggt terggecate
(-776/-925) atcagcattg gcatcacggce caatiggcag ctgtaggcca atacattaaa ataadacttca
(-716/-8%5) agttacaggc atttcaggca ttrgcaaataa gtaggttctce cctcecatget  actaaataga
(-656/-80%) tgatatccat aaaacagtca attttcagta ttttaaattt tgtctagttg tgceaaaattce
(-596/-745) agtacataac tgtgttgcta «ccggcatgac agaagtgtgt gagaaaacgce aaatgacatg
(-536/-685) aggatggcgg actgcctatc atadccccett ccattaattt ttgctotgac  ctotetagag
(-476/-625) atttggggat atagaatttt acatttcctg tcgggaatct actgatggag aqaatatttgt
(-416/-565) caaggcataa ccgctttcaa aguacagttc ttgccgceogt  tgcatcacag  caacatcegt
MAEP-P2 (-312) pGL3
{(-356/-50%) ttttcagcaa atgcatttca aaaacgacct acatgtaaac tacqtat ttttoctoetg
(-296/-44%) ctgtgtcaat gctggatgtg acteocetttgg cactgttcect  tgacctatet  gatecgtaga
(-236/-385) caaccccoccte cgcoctggagt  ggeggatocag  ctggagccag  cgaagcegqgoce  cgogoggttg

(-176/-325) «cccacctect  cccacaccca  cctlgactee  geeccoctoeg  ctottoccgqg  ggagggctgg
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(-116/-265)

(~-56/-205)

(+5/-145)

(+65/-85)

(+125/-29)

ccgceggyggeco

ccagcccagce

CTCCTGCGCG

GTCCCGTTGC

GATGTGACCC

gogagegege

cggggcgecg

TTCCCGCCGA

TGAGTCTCAC

GGCAGTACGG

MAEP-P2 (-68) pGl

ccctgeteccg  geogogtgctc  gcetg

cgagggggceg  gagtggggtg  tggtgggoge
IAEP-P2 (+28) pGL3

G( GCG  GCGGGAGCGG  CAGAGACGGC

ATCCGGGTTC TGGCCGTGAC CCAGCTGCGG

CAAA G

tccctecagt

gotoc G

AGCGGCCGGA

CCGCCGCGGA

» Capital letters denote Exon 1B and the ATG transiation start site of MAEP-P2 is

indicated by the red box. Nucleotide counts include number of base pairs from the
TSS (first number) and the ATG translation start site (second number). The TSS is

also denoted.
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MLP-PL(-742) pGLA -

MLP-PLI-185) pGLa —

MLP-PL{137} pGL3

PGLI entpty voctor

[SANILY; 2005 J.0:105 6.L105 8.0+05 1.016 1.0106

Narmalized RLUs

Figure Al: Preliminary results of the characterization of mier/ MLP-P1
promoter proximal region in HEK 293 cells

1K 293 Cells were seeded at a density of 5 x 10° cells/well in a 6-well plate and grown in
supplemented DMIEM for approximately 18 hours. Cells were then transtected with 0.5 pg of MLP-P |
promoter sequence luciferasc reporter gene deletion construct and 0.25pg of pRSV[3-gal. Cell lysates
were collected 48 hours following transfection and relative luciferase units were measured. B-gal
assays were preformed so as to normalize the luciterase data to the transfection efficiency of cach
well. Each luciferase reporter gene construct was performed in triplicate and n=2.
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The promoter sec  1ce encompassed in the MLP-P1 (-185) pGL3 construct
displayed maximum promoter activity (Fig A1), which was significantly higher than
the upstream sequence con nii construct MLP-P1 (-742) pGL3 (p<0.001). As
there was a also significant inc 1se between MLP-P1 (-185) pGL3 and the MLP-PI
(+37) pGL3 negative prc  ter ac ity control construct, the n  eotide sequences
present between the §' starting point of the MLP-P1 (-185) pGL3 and the MLP-P1
(+37) pGL3 constructs were chos  for further analysis and construction of additional

deletion constructs of the MLP omoter (section 2.4).
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Appendix 5- MAEP-P2 Activity in HEK 293 Cells Recapitulates Previously
Established Results Characterizing MAEP-P2 Promoter Activity in Alternate
Cell Lines

MACP-P2{-312} »GL3 4

MALCP-P2 (-G8 pGL3

MACP-P2 (128% pGL3

Gl 3 emyaty wodtar

0.C00 J.0105 2.0105 Lo06 2.0106

Normalized RLUs

Figure A2: Characterization of the MAEP-P2 proximal promoter region of mierl
in HEK 293 cells

HEK 293 Cells werce sceded at a density of 5 x 10° cells/well of a 6-well plate and grown in DMEM for
approximately 18 h. Cells were then trans ted with 0.5 pg of MAEP-P2 promoter sequence luciferase
reporter gence deletion construct. 0.25ug of pRSV f-gal, and 0.5pg ERa pCDNA3. Cell lysates were
collected 52 hours following transtection and relative light units were measured. BioRad and f3-gal
assays were preformed so as to collect necessary data in order to normalize the RLUS to transfection
cetticiency and protein levels as deseribed in section 2.7, Each luciferase reporter gene construct was
pertormed in triplicatc and N=7. Refer to Ding er af.. 2004 or section [.5.2.1 to compare to alrcady
cstablished MAEP-P2 promoter activity patterns in HELA cells.
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Appendix 6: Comparison of the MAEP-P2 Promoter Activity Across Multiple
Breast Cancer Cell Lines Varying in ER Status and the HEK 293 Non-Cancerous
Cell Line including the MAEP-P2 (+28) pGL3 Construct Results
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Appendix 7: Human MLP-P1 Promoter Sequence Aligned to Various Species

> Note that the location on chromosome 1 whereby the maximal promoter activity
region of MLP-P1 (between -185 to -91bp from the MLP-P1 putative TSS) in humans
ischrl: 67,163,045-67,163,139. The location on chromosome | for the minimal
promoter activity region of MLP-P1 (between -91 to -44bp from the MLP-P1 putative
TSS) in humans is chr 1: 67,163,139- 67, 163, 186.

> For the purposes of this appendix, the location of the MLP-P1 maximal promoter
activity region will be highlighted in yellow, whereby the minimal promoter activity
region of MLP-P1 will be highlighted in turquoise. Furthermore, human MLP-P]
promoter sequence is the top alignment in each case and the other species is the

bottom alignment

Appendix 7a: Human vs. Rhesus

» This alignment encompasses positions 67,162,985-67,163,404 on human chromosome
1 and 69,702,644-69,703,062 on rhesus chromosome 1.

067162985

069702644

067163045

069702703

067163105

069702763

067163165

069702823

067163225

069702883

067163285

069702943

067163345

069703003

CGACCAGCTGGGGAGTGGTGCACCACCCCTTTTTTTGGCCGCCTCTGAAGTCCCTGTACC

PELEELIEE R rr e eyttt rrrererrrrrrerrrreierin
CGACCAGCTGGGGAGTGGTCCACCACCCC-TTTTCTGGCCGCCTCTGAAGTCCCTGTACC

TCCAAGCCCCTGCGTTGGCGGTTCGGGCCGAGGATCCGGAATGTTTGCCGGGCGTCATGG

AGGGCAGAGGGTTGGTGGAGCTGGAGGAAGCTCCGGAC

TR R R R N N AR |
GAGGAGGGCGGAGGCGGAGGGGAGGGCAGAGGG TTGGTGGAGCAGGAGGARAGCTCCGGAC

GACGACTGGAAGAAGGAGGCGGGCGGCCCGGGCCTCAGGCCCCTCCCAGGCTCTGAGTCT

POLEEEE TR EEE e e b e b b e e ety e et
GACGACTAGAAGAAGGAGGCGGGCGGCCCGGGCCTCAGGCCCCTCCCAGGCTCTGAGTCT

CCCGGCTGCAGGCGGATGGATGGGGCTTCT TCAGGCGGTGGCGGCAGCAGCGARGGTGGC
PEEETEEEEEr i et e e e e e e e b e b e b e e e e

GGCGGCAGCAGCGGCAGCGGCTGTAAGTGCAGCCTCCACAAGCCATCTCTCCCCTTCTAT
FITERETER e e e e b e e et e e i et vt
GGCGGCAGCAGCGGCAGCGGCTGTAAGTGCAGCCTCCACRAGCCATCTTTCCCCTTCTGT

067163044
069702702
067163104
069702762
067163164
069702822
067163224
069702882
067163284
069702942
067163344
069703002
Ub7163404

069703062
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Appendix 7b: Human vs. Mouse

» This alignment encompasses positions 67,162,985-67,163,343 on human chromosome
[ and 102,786,767-102,787,107 on mouse chromosome 4.

067162985

102786767

067163044

102786826

067163104

102786873

067163164

102786932

067163224

102786991

067163284

102787048

CGAC~CAGCTGGGGAGTGGTGCACCACCCCTTTTTTTGGCCGCCTCTGAAGTCCCTGTAC

(R | et e [N et
TGACTTTTTAGACCAGGGCTCGGCGCCCCC-TTCCCCAGCAGGTTCGGCGATGCCCGGAC

[ [ ' LI R R O S S A B B SR B B B B

TCCCA-~—=——mm— ACTGCCCGCTCAGCAGCTCACGAATGTTTGF(GCGCGCCATG

[ R T T S T R R S T S S T R S N S A A S R B R R S S R S A S A SRR A P

GCGACCGCGGAGC— CTGGCTCAAGAAGCGGCCGCGCGGTTGGCTGGL(GCTLQAGCTCGA

{GGGCAGAGGGTTGGTGGAGCTGGAGGAAGCTCCGGA
. BN R RN R RN AN R N
GGAGGAGGGCGGAGGCGGAGGGGAGGGTAGAGGGTTGGTGGAGCTGGAGGARGCTCGGG

CGACGACTGGAAGAAGGAGGCGGGCGGCCCGGGCCTCAGGCCCCTCCCAGGCTCTGAGTC

(RN Frbrer ey errrrt vere  re e rrr e e e
---CGACGATTCGGAGGAGGCGGGCGGCCCAGGCCCTAGGCCCCTCCCAGGCTGCGAGTC

TCCCGGCTGCAGGCGGATGGATGGGGCTTCTTCAGGCGGCTGGCGGCAGCAGCGAAGGTGG

FEPTEELEEEr et r et v e v b b rr ey el
TCCCGGCTGCAGGCGGATGGATGGGGCGTC TCCAGGCGGCGGCGGCAGCAGCGGAGGLGE

Appendix 7c: Human vs. Rat

» This alignment encompasses positions 67,162.985-67,163,343 on human

chromosome | and 124,048,195-124,048,525 on rat chromos ¢ 5.

067162985

124048195

007163045

124048253

067103105

124048299

067163165

124048358

067163225

124048416

067163285

124048467

CGACCAGCTGGGGAGTGGTGCACCACCCCTTTTTTTGGCCGCCTCTGAAGTCCCTGTACC

L ! i teer 1l P e el
CGACTCTTAGATTAGGGCTTGGGAGCCCC-TTCCCCAGC ~GGTTCTGCGGTGCCCGGACT

[ [ I A R R R R S A O B B R R SRR R RS N

-CCA--=—————"———- ACTGCCLCCTCAGCAGCTLACGRATGTTTUCCGGGFGTCATGG

e L T T T T S T T T T T T T S T T T T B S O S S T S S S O Y S B Y B BB R [

CGACCGCAGAGC-CTGGCTCAAGAAGCGGCCGCGCGGTTGGCTGGCCGCTCGAGGTTGAG

AGGGCAGAGGGTTGGTGGAGCTGGAGGAAGCTCCGGAC

o e cn oo PEEEE RREERRET TR RN PR R Rt
GAGGAGGGCGGAGGCGGAGGGGAGGGTAGAGGGTTGGTGGAGCTGGAGGAAGCTCGGG -~

GACGACTGGAAGAAGGAGGCGGGCGGCCCGGGCCTCAGGCCCCTCCCAGGCTCTGAGTCT

(RN et FEEEES e e i
--CGACGATTCGGAGGAGGCGGGCGGCCC~~~=~~~ AGGCCCCTCCCAGGCTGCGAGTCT

CCCGGCTGCAGGCGGATGGATGGGGCTTCT TCAGCGCGGTGGCGGCAGCAGCGAAGGTGG

R N e N e N AR AR AR N
CCCGGCTGCAGGCGGATGGATGGGGCGTCTCCAGGCGGCGGLGGCAGUAGCGGAGGLGE

067163043
102786825
0671631013
102786872
067163163
102786931
067163223
102786990
067163283
102787047
067163343

102787107

067163044
124048252
067163104
124048298
067163164
124048357
067163224
124048415
067163284
124048466
067163343

124048525
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Appendix 7d: Human vs. Dog

» This alignment encompasses positions 67,162,985-67,163,343 on human chromosome
| and 46,592,462-46,592,106 on dog chromosome 5.

067162985

CGACCAGCTGGGGAGTGGTGCACCACCCCTTTTTTTGGCCGCCTCTGAAGTCCCTGTACC 067163044

[ N N N NN FErer [ R |

046592462 CGACAGGCGGCGGRGTGCTCGGCCGCCCC-TTCCCTAGCTGCTTCCGGAGTCCCTGGACE 046592404

067163045 067163104

046592403 CCAACGGCCC-GCGTCAGCGGCTCCGGCCGAGGCTCGGGRAATGTTTGCCGGGCGTCATGG 046592345

067163105 067163164
G B U e e v

046592344  AGACGGAGGAGCCCCGGCTCAACAAGCGGCCGCGCEGGTTGGCTGGCGGCTGGAGACCGA- 146592286

067163165 NGGGCAGAGGGTTGGTGGAGCTGGAGGAN " TCCGGRC 067163224
e R R R N AR [RERRRE

046592285 GAGGAGGGCGGAGGCGAAGGGGAGGGCAGAGGGTTGGTGGAGCAAGAGGAALUTCCGGAL 046592226

067163225 GACGACTGGAAGARGGAGGCGGGCGGCCCGGGCCTCAGGCCCCTCCCAGGCTCTGAGTCT 067163284
PECTEEE TEE et e ee b b e bt et i

046592225 GACGACTAGAARAAGGAGGCGGGCGGCCCGGGCCCCAGGCCCCTCCCAGGTTCTGAGTCT 046592166

067163285 CCC-GGCTGCAGGCGGATGGATGGGGCTTCTTCAGGCGGTGGCGGCAGCAGCGARGGTGG  UnT163343
POV LT e e e e b e b b b b e e i e e

046592165  CCCCGGUTGCAGGCGGATGGATGGLGCTTCTTCAGLUGGTGGUGGCAGCAGTGAAGGTGG 046592106

Appendix 7e: Human vs. Horse

» This alignment encompasses positions 67,162,985-67,163,344 on human chromosome
| and 67,186,710- 67,186,354 on horse chromosome 5.

067162985

067186710

067163045

067186651

067163105

067186592

067163165

067186533

067163225

0671864773

067163285

0671864173

CGACCAGCTGGGGAGTGGTGCACCACCCCTTTTTTTGGCCGCCTCTGAAGTCCCTGTACC

NNNNNNNNNNNNNNNNNNNNNNNNNNNNN-NNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNN-NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNNNNNNNNNNNNNN-
AGGGCAGAGGGTTGGTGGAGCTGGAGGANGCTCCGGAC

NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN

GACGACTGGAAGAAGGAGGCGGGCGGLCCGGGCCTCAGGCCCCTCCCAGGCTCTGAGTCT
PEErrErre el
NNNNNNNNNNNNNNNNNNKNNNNNNNNNNNNNNNNNNNNNNNNNCCCAGGCTCCGAGTCT

CCCGGCTGCAGGCGGATGGATGGGGCTTCTTCAGGCGGTGGC GGCAGCAGCGAAGGTGGC

PErrrerrrrrrerrrerrerrrerrt e berrb b rr e errr rhe
CCCGGLTGCAGGCGGATGGATCGGGUTTCTCCAGGUAGCGGLCGGECAGCAGCLGGAGLCGGC

067163044
07186652
067163104
067186593
067163164
067186534
067163224
0v7186174
067163284
067186414
067163344

0o7186354
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Appendix 7f: Human vs. Chicken

» This alignment encompasses positions 67,163,045-67,163,344 on human chromosome
[ and 29,378,250-29,378,370 on chicken chromosome 8.

067163045

029378250

0671631095

029378259

067163165

029378270

067163225

029378294

067163285

029378337

GGGCAGAGGGTTGGTGGAGCTGGAGGARGCTCCGGAC

R d Pt [
—————————————————————————————— GGGCTGTAATACCAAACGGGAACC-—--——

GACGACTGGAAGAAGGAGGCGGGCGGCCCGGGCCTCAGGCCCCTCCCAGGCTCTGAGTCT
el e ekt [ [REENN
———————————— GAGGAGCAGCTGAGACCCGTCCTGAGATTTCCCGAA-—~~-~CGAGTCT

CCCGGCTGCAGGCGGATGGATGGGGCTTCTTCAGGCGGTGGCGGCAGCAGCGAAGGTGGC

(RN A I T O O O B A I I O
CC--GCTGC-==~-—===—=—==~=== TCCTCCGGGGGEGETCGCGGCCGCGCA- - - -~ -

067163104

029378258

067163164

029378269

06716322

029378293

067163284

029378336

067103344

029378370
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