


Figure 5. Western Blot of PRL and IGF-II in Nontransformed Breast Epithelial Cells. A.
Levels of PRL and IGF-II in AG11132 and MCFI10A cells. PRL and IGF-II were
significantly increased in MCF10A cells relative to AG11132 cells (p = 0.003 for PRL, p
= 0.002 for IGF-II). IDV- integrated density values. B. Representative Western blots of
PRL and IGF-IT in AG11132 and MCF10A cells.
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Messenger RNA Levels
As shown in Figure 6, FABPS mRNA was 2-fold higher in MCF10A cells relative
to AG11132 cells. Conversely, PRL and IGF-II mRNA were higher in AG11132 cells

relative to MCF10A cells (2-fold and 43-fold, respectively).
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Figure 6. Messenger RNA Levels of FABPS, IGF-II, and PRL in Nontransformed Breast
Epithelial Cells. FABP5 mRNA was 2-fold higher in MCF10A cells relative to
AG11132 cells. PRL and IGF-II mRNA were higher in AG11132 cells relative to
MCFI10A cells (2-fold and 43-fold, respectively). FABP3 mRNA was not detected in
MCFI10A, thus a comparison could not have been made.
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PRL-Treated Cells

Protein Response

Figure 7 shows the protein response of AG11132 cells to PRL treatment. FABP3
(18 kDa form) at 200 ng/ml was significantly increased relative to control (p=0.037).
FABPS was significantly decreased at 200 ng/ml relative to level at 10 ng/ml (p=0.028).
No significant change was noted in IGF-II protein. Figure 8 shows the protein response
of MCF10A cells to PRL treatment. FABP3 (18 kDa form) was significantly decreased
at 200 ng/ml relative to levels at 0, 10, 50, and 100 ng/ml (p=0.002, 0.004, <0.001, 0.001,
respectively). FABPS at 200 ng/ml was significantly decreased relative to level at 50

ng/ml (p=0.044). No significant change was noted in IGF-II protein.
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Figure 7. Western Blot of IGF-II, FABP3, and FABPS5 in PRL-Treated AG11132 Cells.
A. Levels of IGF-II, FABP3, and FABP5 protein at various PRL treatment
concentrations. FABP3 (18 kDa form) was significantly increased at 200 ng/ml
(p=0.037) relative to control. FABPS was significantly decreased at 200 ng/ml relative to
level at 10 ng/ml (p=0.028). IDV- integrated density values. B. Representative Western
blots of IGF-1I, FABP3, and FABP5 in PRL-treated AG11132 cells.
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Figure 8. Western Blot of IGF-II, FABP3, and FABPS5 in PRL-Treated MCF10A Cells.
A. Levels of IGF-II, FABP3, and FABP5 protein at various PRL treatment
concentrations. FABP3 (18 kDa form) was significantly decreased at 200 ng/ml relative
to levels at 0, 10, 50, and 100 ng/ml (p = 0.002, 0.004, <0.001, 0.001, respectively).
FABPS was significantly decreased at 200 ng/ml relative to level at 50 ng/ml (p=0.044).
IDV- integrated density values. B. Representative Western blots of IGF-II, FABP3, and
FABPS in PRL-treated MCF10A cells.
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Messenger RNA Response

Figure 9 shows that for AG11132 cells, levels of IGF-II mRNA were significantly
increased at 10 ng/ml and 50 ng/ml (fold change 34 and 2, respectively). IGF-II mRNA
levels decreased with further increase in PRL treatment concentration. No significant
changes were seen in FABP3 or FABP5 mRNA levels. The mRNA response of
MCFI10A cells is shown in Figure 10. IGF-II levels were significantly increased at 100
and 200 ng/ml (fold change 2 and 2, respectively). No significant changes were seen in

FABP3 or FABP5 mRNA levels.
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Figure 9. Messenger RNA Levels of IGF-II, FABP3, and FABP5 in PRL-Treated
AGI11132 Cells. A. Levels of IGF-II mRNA at various PRL treatment concentrations.
IGF-II mRNA levels were significantly higher at 10 ng/ml (34-fold) and 50 ng/ml (2-
fold) of PRL treatment, relative to control. B. Levels of FABP3 and FABP5 mRNA at
various PRL treatment concentrations. No significant differences were seen in FABP
mRNA levels with treatment. Note difference in scale between graphs of IGF-II and
FABP mRNA levels.

42



fold change

IGF-1I

10 ng/ml

50 ng/ml 100 ng/ml
PRL treatment concentration

11

200 ng/ml

FABP3, FABPS

10ng/ml  50ng/ml  100ng/ml 200 ng/ml
PRL treatment concentration

mFABP3
FABPS

43




Figure 10. Messenger RNA Levels of IGF-1I, FABP3, and FABPS in PRL-Treated
MCFI10A Cells. A. Levels of IGF-II mRNA at various PRL treatment concentrations.
IGF-II levels were significantly increased at 100 (2-fold) and 200 ng/ml (2-fold) of PRL
treatment. B. Levels of FABP3 and FABP5 mRNA at various PRL treatment
concentrations. No significant differences were seen in FABP mRNA levels with
treatment.
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Discussion

The higher levels of both FABP3 and FABPS protein in untreated MCF10A cells,
relative to untreated AG11132 cells, may suggest a more differentiated cell status.
Bovine studies have shown that both FABP3 and FABP5 mRNA increase upon
pregnancy and lactation (which corresponds with breast differentiation); however,
FABP3 increases to a greater extent than FABPS, and stays elevated for a longer period
of time [Bionaz and Loor, 2008]. FABP5 mRNA was also higher in MCF10A cells than
AG11132 cells. However, FABP3 mRNA was undetectable in MCF10A cells, and
detected at low levels in AG11132 cells. This may indicate that FABPS has a greater role
in normal cell functioning which includes intracellular fatty acid transport, while FABP3
may have a more differentiation-specific role (i.e., FABP3 mRNA levels only increase
when the cells receive a differentiation stimulus). FABP5-mediated upregulation of
VEGF may lead to appropriate proliferation in normal cells.

Untreated MCF10A cells also had higher levels of PRL and IGF-II protein than
untreated AG11132 cells. Levels of PRL and IGF-II mRNA were significantly higher in
AG11132 cells, particularly IGF-II levels, which were over 40-fold higher. This finding
is consistent with previous results from our laboratory, which demonstrated higher IGF-1I
mRNA levels in AA normal breast tissue relative to CA normal tissue, with the
difference most pronounced in women below 45 years of age [Kalla Singh et al., 2010].
The higher IGF-1I levels in AG11132 normal cells and in AA normal breast tissue may
indicate a greater potential for carcinogenic transformation. IGF-II is expressed at high
levels in cancer tissues due to a loss of parental imprinting, and is a major mediator of

proliferation in breast cancer [Sachdev and Yee, 2006].
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AG11132 cells responded to PRL treatment with increased FABP3 protein (18
kDa form) and decreased FABPS5 protein at 200 ng/ml treatment, both changes associated
with protection against carcinogenesis [Schonfeld and Wojtczak, 2008; Ishii, 2007;
Rohan et al., 2010]. The increase in FABP3 was likely due to the lower levels of FABP3
in untreated AG11132 cells, which may represent a lower baseline level of protection
against carcinogenesis in these cells. The dominant PRLR form in the AG11132 cell line
was the 70 kDa form, representing delta S1 and/or S2, and the long form of the PRLR
was not expressed (data not shown). With regard to mRNA levels, IGF-IIl mRNA
increased several-fold with 10 ng/ml PRL, increased modestly with 50 ng/ml PRL, and
then was further decreased at higher PRL concentrations. This may have been due to
negative feedback, as IGF-IIl mRNA was several-fold higher in untreated AG11132 cells
relative to MCF10A cells. This may also indicate that PRL’s effects were mediated
through IGF-II at lower treatment concentrations, but not at higher concentrations.
Though IGF-II has been reported to mediate PRL’s differentiation effects through
upregulation of cyclin D1, there is some evidence that IGF-II may not be required for
these effects in all cases [Brisken et al., 2002; Hovey et al., 2003]. For example, Carver
and Schuler demonstrated that in the MCF-7 breast cancer cell line, PRL was able to
induce cyclin D1 expression prior to upregulation of IGF-II transcript levels, suggesting
that though PRL caused IGF-II increase, this was not required for signaling [Carver and
Schuler, 2008].

Since MCF10A cells had higher FABP3, PRL, and IGF-II protein levels prior to
PRL treatment, relative to AG11132 cells, it followed that FABP3 protein levels were

maintained with PRL treatment, and then decreased at the highest PRL concentration.
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The dominant PRLR form in this cell line was the 70 kDa form; however, MCF10A cells
also expressed the 85-90 kDa long form of PRLR, though not as strongly (data not
shown). Thus the decrease in FABP3 protein may represent negative feedback due to
PRLR overstimulation at high PRL concentrations. FABPS protein levels significantly
decreased with 200 ng/ml PRL treatment, likely reflecting decreased carcinogenic
potential of the cells. With regard to mRNA levels, significant increases were seen in
IGF-IT mRNA at 100 ng/ml and 200 ng/ml, pointing to IGF-II signaling in maintenance
of FABP3 levels. These increases were modest relative to increases seen in the AG11132
cell line; this may have been due to higher initial levels of IGF-II protein in MCF10A
cells.

In summary, the AG11132 cell line displayed several differences compared to the
MCF10A cell line, which may help us understand the increased mortality in AA breast
cancer patients. The differing growth conditions of the cell lines is a potential drawback
of this study; however, serum-free media was placed on both cell lines for 6 hours prior
to and also during the treatment, to enable comparison of results. AG11132 cells
displayed decreased FABP3 protein at baseline, in comparison to MCF10A cells, likely
indicative of lower protection against carcinogenesis. FABP3 protein increased in
AG11132 cells with increasing PRL treatment concentration, but decreased in MCF10A
cells, likely due to higher initial FABP3 protein levels and expression of the PRLR long
form in the latter. Interestingly, the significant FABP3 changes in both cell lines are seen
in the 18 kDa form, which is most likely tyrosine-phosphorylated. FABP3 from rat heart
has been shown to be phosphorylated on Tyr19 in response to insulin stimulation, and

according to PhosphoSite Plus, an NIH-supported site which predicts post-translational
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protein modifications, human FABP3 is tyrosine-phosphorylated on Tyr-20 [Nielsen and
Spener, 1993; Cell Signaling, 2012]. The role of phosphorylation in FABP3 function is
as yet unknown, but has been proposed to be related to signal transduction and/or
regulation [Huynh et al., 1996; Nielsen and Spener, 1993]. Decreased FABPS protein
was observed with treatment in both cell lines, which is protective against future
carcinogenesis. PRL treatment of AG11132 cells at 10 ng/ml was associated with a
several-fold increase in IGF-II mRNA; however, levels decreased with subsequent
increases in PRL concentration, indicating that PRL signaling in AG11132 cells may not
involve IGF-II at higher treatment concentrations. PRL treatment of MCF10A cells did
result in increased IGF-II mRNA at highest PRL concentrations, suggesting that PRL is
mediating its differentiation changes through IGF-II in this cell line.

Understanding possible molecular mechanisms underlying the breast cancer
health disparity is crucial to its resolution, along with addressing socioeconomic and
access-to-care concerns. In order to apply these findings to the larger population, PRL
treatment would need to be done in other CA and AA normal cell lines in order to
determine if these findings are unique to the particular cell lines studied, or if they
represent common patterns of PRL signaling and FABP3 expression in cell lines derived
from CA and AA patients. The studies described here provide preliminary insights into
possible mechanisms undergirding the survival health disparity observed among AA

women affected with breast cancer.
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CHAPTER THREE
DIFFERENTIAL EXPRESSION OF FATTY ACID-BINDING
PROTEINS 3 AND 5 IN CAUCASIAN-AMERICAN AND AFRICAN-

AMERICAN BREAST TISSUES

Abstract

While Caucasian-American (CA) women have a higher overall breast cancer
incidence relative to African-American (AA) women, AA women have a higher mortality
rate. Fatty acid-binding protein (FABP) 3 is a protective tumor suppressor that is
downregulated in breast cancer tissues. FABPS is associated with metastasis, and is
upregulated in breast cancer tissues. We hypothesized that AA women would express
lower levels of FABP3 and higher levels of FABPS, as shown by analysis of 94 paired
(normal/tumor) breast tissues. Contrary to expectations, FABP3 protein in AA malignant
(AAM) samples was higher than in CAM samples in ages below 50. FABPS protein was
higher in AAM samples relative to CAM samples when data were not split by age. In
ages 50 and older, FABP3 mRNA was significantly higher in CAM, while FABPS5
mRNA was significantly higher in AAM. These findings demonstrate that differential

FABP expression may be implicated in the breast cancer health disparity.
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Introduction

Breast cancer is a significant cause of female mortality, second only to lung
cancer. In recent years, significant emphasis has been put on cancer health disparities
among ethnic groups. African-American (AA) women are less likely than Caucasian-
American (CA) women to develop breast cancer. However, AA women are more likely
to present with advanced disease, and have a higher mortality rate from breast cancer, as
compared to CA women [Li et al., 2003]. Several studies have indicated that
socioeconomic factors are clearly related to the disparities problem [Adams et al., 2009;
Shavers et al., 2003]. In recent years, investigators have begun to examine biological
factors that may be implicated as well [Kalla Singh et al., 2010; Yang et al., 1994]. One
such factor may be differential expression of fatty acid binding proteins (FABPs).

FABPs, approximately 15 kDa in size, are proteins which shuttle long chain fatty
acids throughout cells, similar to albumin’s role in the circulation [Glatz and van der
Vusse, 1996]. FABPs move fatty acids to sites of oxidation and esterification, as well as
into the nucleus, where the fatty acids signal through peroxisome proliferator-activated
receptors (PPARSs) to affect gene transcription [Coe and Bernlohr, 1998; Hertzel and
Bernlohr, 2000; Zimmerman and Veerkamp, 2002]. FABPs are expressed in various
tissues of the body, including the breast, and have been shown to have a compensatory
relationship. For example, in FABP5-gene knockout mice, FABP3 was elevated in the
liver [Owada et al., 2002] and in FABP4 (adipocyte type)- knockout mice, FABPS
mRNA was upregulated in adipocytes 20- to 40-fold [Hertzel and Bernlohr, 2000].
Breast tissue/cell lines have been shown to express FABP1, FABP3, FABP4, FABPS,

and FABP7 [Hammamieh et al., 2005; Huynh et al., 1996; Liu et al., 2011].
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FABP3 expression in breast tissue is of particular interest since it is has been
shown to regulate growth of normal human and some malignant mouse and human
mammary epithelial cell lines [Borchers et al., 1997; Huynh and Beamer, 1998; Lehmann
et al., 1989]. Previous literature reports downregulation or silencing of FABP3 levels in
breast cancer tissues [Hertzel and Bernlohr, 2000; Huynh and Beamer, 1998]. FABP3
has been shown to bind to the nuclear receptor PPARa, and thus inhibit production of
VEGTF, which promotes angiogenesis and metastasis [Schroeder et al., 2008].
Additionally, stimulation of PPARa and PPARYy causes FABP3 upregulation
[Motojima, 2000; Lindegaard and Nielsen, 2008; Keen et al., 2004]. Pregnancy and
lactation protects against future breast cancer development in rats and in humans, and the
induction of FABP3 expression in the breast may help to explain this [Russo, Moral et
al., 2005; Russo et al., 1982; Sinha et al., 1988]. During pregnancy and lactation,
mammary cells attain maximal development, and their genetic profile is altered to render
them refractory to carcinogenesis, and FABP3 is the only FABP that is upregulated in
this new genetic profile [Borchers et al., 1997; Russo, Moral et al., 2005; Specht et al.,
1996; Yang et al., 1994]. AA women have lower lactation rates compared to all other
ethnic groups [Bentley et al., 2003], and therefore FABP3 levels may not be induced as
highly as in CA women, leading to decreased protection.

Another FABP that is very pertinent to breast carcinogenesis is FABPS. The
fabp5 gene has been linked to breast cancer metastasis, and mRNA levels were found to
be 6.5-fold higher in malignant breast cell lines relative to HUMA 121 benign lines [Jing
et al., 2000]. FABPS expression has also been determined to be a negative prognostic

factor for breast cancer patients, particularly those with triple-negative breast cancer [Liu

51



et al., 2011; Miinz et al., 2005]. FABPS5 is thought to transport nucleic acids to the
nuclear receptor PPAR /5, where they bind and cause upregulation of vascular
endothelial growth factor (VEGF) [Kannan-Thulasiraman et al., 2010; Schug et al.,
2007]. VEGEF is overexpressed in a significant percentage of breast tumors, and this
expression has been associated with a worse prognosis in patients with invasive breast
disease [Bajo et al., 2004; Gieseler 2007; Heffelfinger et al., 1999]. Though the literature
on the role of FABPS in breast is heavily focused on the association of FABPS with
tumor aggressiveness and metastasis, FABPS has also been shown to have a beneficial
role in breast differentiation. Bovine studies have shown that both FABP3 and FABPS
mRNA increase upon pregnancy and lactation; however, FABP3 increases to a greater
extent than FABPS, and stays elevated for a longer period of time [Bionaz and Loor,
2008]. Given the decreased lactation rate in AA women, FABP3 may be lower in AA
normal women relative to CA normal counterparts. Given that AA women tend to have
more aggressive cancer at time of diagnosis, the FABPS levels may be higher in AA
breast cancer patients relative to CA counterparts. Furthermore, FABPs have a
compensatory relationship in the tissues of the body, and have been shown to increase to
compensate for deficits in another type of FABP [Hertzel and Bernlohr, 2000; Owada et
al., 2002; Shaughnessy et al., 2000; Zimmerman and Veerkamp, 2002]. Therefore, this
may be an alternate rationale for increased FABPS levels in AA breast cancer patients
relative to CA counterparts, as FABP3 levels may likely be decreased in the former.

To determine if expression of FABP3 and FABPS differed between AA and CA

breast cancer patients, we obtained frozen normal and malignant breast tissues, and

52



analyzed protein levels by immunoprecipitation, and mRNA levels by RT-PCR.

Findings were compared by age, race, and by normal/malignant status.

Materials and Methods
Sample Preparation
Frozen, paired samples, AA and CA, were obtained from the Cooperative Human

Tissue Network. Portions of each sample (0.2 mg) were cut on dry ice under sterile
conditions. Tissues (0.1 mg) were homogenized in Tri Reagent (Molecular Research
Center, OH) for mRNA extraction, according to standard Tri Reagent protocol
(http://www.mrcgene.com/tri.htm). Tissues (0.1 g) were also homogenized in RIPA
Buffer (Cell Signaling Technology, Beverly, MA) for protein extraction, according to

standard RIPA Buffer protocol (http://www.cellsignal.com/products/9806.html).

Western Blot Analysis

RIPA buffer cell lysates containing 30 pg of protein were loaded onto
polyacrylamide sodium dodecyl sulfate (SDS) gradient gels (4-12%), transferred to a
polyvinylidene difluoride (PVDF) membrane (Invitrogen, Carlsbad, CA) using a X-Cell
SureLock ® electrophoretic transfer module (Invitrogen). Protein concentration was
measured using the Coomassie Plus Protein Assay Reagent ™ (Pierce Biotechnology,
Rockford, IL). PVDF membranes were then blocked with 5% non-fat milk or 5% bovine
serum albumin (Sigma) in PBS/0.05% Tween for 1 h. Membranes were then incubated
with FABP3 mouse monoclonal antibody (Abcam, Cambridge, UK) or FABPS rabbit

polyclonal antibody (Abcam), followed by overnight incubation at 4 °C. The blots were
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also probed with cytokeratin 18 antibody (Sigma) as a protein loading control. After 3 x
10 min washes in PBS/0.05% Tween, the corresponding secondary antibodies (1:1000,
GE Healthcare, Piscataway, NJ for FABPS; 1:1000, Vector, Burlingame, CA for FABP3)
were added to the membranes (1 h at room temperature), followed by 3 x 10 min washes
and incubation with horseradish peroxidase (HRP) complexes (1:2000, GE Healthcare).
Protein visualization was achieved by using enhanced chemiluminescence (ECL) and
autoradiography with Blue Lite Autorad film (GeneMate from BioExpress, Kaysville,
UT). The signals on the X-ray films were quantified using QuantityOne 1-D Analysis

Software v. 4.5.0 (BioRad, Hercules, CA).

Real-Time PCR

Two-step SYBR real-time-PCR (RT-PCR) was performed to assess gene
expression in PRL treated cells at 24 h, using the primers FABP3-forward (5’-CAC TAT
GGT GGA CGC TTT CC-3’), and FABP3-reverse (5’-GTG GTA GGC TTG GTC ATG
CT-3’); FABPS5-forward (5’-ACA GAT GGT GCA TTG GTT CA-3’), and FABS-
reverse (5°-GAT CCG AGT ACA GGT GAC ATT G-3’). Primers for FABP3 utilized
NCBI RefSeq NM_004102.3 and resulted in a 126 bp-length product; primers for FABP5
utilized NCBI RefSeq NM_001444.2 and resulted in a 123 bp-length product. Primer 3
software version 0.4.0 (http://frodo.wi.mit.edu/) was used to generate primers, and NCBI
PrimerBlast was used to test specificity. The iScript cDNA synthesis kit (Bio-Rad) and
GeneAmp PCR System 9700 (PE Applied Biosystems, Foster City, CA) were used to
synthesize cDNA; 200 ng of RNA was used per synthesis reaction. RT-PCR was

performed using the 1Q5 (Bio-Rad) and the iQ SYBR Green Supermix (Bio-Rad).
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Triplicate reactions were performed in a mixture consisting of a 25 pl volume solution
containing SYBR Green supermix PCR buffer (Bio-Rad; 2x reaction buffer with dNTPs,
iTaq DNA polymerase, 6 mm MgCl,, SYBR Green I, fluorescein, and stabilizers), 1 pl of
synthesized cDNA, 400 nM of each primer, and sterile water. Forty cycles of
denaturation (95 °C, 15 s), annealing (60 °C, 30 s), and elongation (72 °C, 10 s) were
performed. Fluorescence was detected at the end of every 72 °C extension phase.

Melting curve analysis was done to exclude contamination by non-specific PCR products.

Statistical Analysis
For protein values, statistical differences were determined by one-way ANOVA,
SPSS 19.0 software (IBM, Armonk, New York). A level of p < 0.05 was considered
significant. For mRNA values, fold change was calculated, and statistical significance

was set at a fold change of 2 or greater.

Results
FABP Protein Analysis
As shown in Figure 11, when both age groups were combined, AA malignant
(AAM) had higher FABPS protein relative to AA normal (AAN; p=0.030) and CA
malignant (CAM; p=0.012). No differences were observed when the data were split by

age.
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Figure 11. FABPS5 Protein Levels, All Ages. A. Graphed results. AAM had higher
FABPS protein relative to AAN (p=0.030) and CAM (p=0.012). IDV- integrated density
values. B. Representative Western blots of FABP5 and cytokeratin 18 internal standard
from both age groups.
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Figure 12 shows the results of FABP3 protein analysis. When both age groups were
combined, FABP3 (15 kDa) was significantly higher in CAM relative to CA normal
(CAN; p=0.028), and in AAM relative to AAN (p<0.001) and to CAM (p=0.012).
FABP3 (18 kDa) was significantly higher in CAM relative to CAN (p<0.001) and in
AAM relative to AAN (p<0.001). FABP3 (total) was significantly higher in CAM
relative to CAN (p=0.006), and in AAM relative to AAN (p<0.001) and to CAM
(p=0.017). For ages below 50, FABP3 (15 kDa) was significantly higher in AAM
relative to AAN (p=0.001) and to CAM (0.045). FABP3 (18 kDa) was significantly
higher in AAM relative to AAN (p=0.001). FABP3 (total) was significantly higher in
AAM relative to AAN (p=0.001) and to CAM (p=0.045). For ages 50 and older, FABP3
(15 kDa) was significantly higher in CAM relative to CAN (p=0.028) and in AAM
relative to AAN (p<0.001). FABP3 (18 kDa) and FABP3 (total) were also significantly
higher in CAM relative to CAN (p<0.001 and p=0.006, respectively), and in AAM

relative to AAN (p<0.001 for both).
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Figure 12. FABP3 Protein Levels, All Ages and Split By Age Group. A-C. Graphed
results. A. All ages- FABP3 (15 kDa) was higher in CAM and AAM relative to normal
(p=0.028 and p<0.001, respectively), and in AAM relative to CAM (p=0.012). FABP3
(18 kDa) was higher in CAM and AAM relative to normal (p<0.001 for both). FABP3
(total) was higher in CAM and AAM relative to normal (p=0.006 and p<0.001,
respectively), and in AAM relative to CAM (p=0.017). B. Ages below 50- FABP3 (15
kDa) was higher in AAM relative to AAN (p=0.001) and to CAM (0.045). FABP3 (18
kDa) was higher in AAM relative to AAN (p=0.001). FABP3 (total) was higher in AAM
relative to AAN (p=0.001) and to CAM (p=0.045). C. Ages 50 and older- FABP3 (15
kDa) was higher in CAM and AAM relative to normal (p=0.028 and p<0.001,
respectively). FABP3 (18 kDa) and FABP3 (total) were also higher in CAM relative to
CAN (p<0.001 and p=0.006, respectively), and in AAM relative to AAN (p<0.001 for
both). D. Representative Western blots of FABP3 and cytokeratin 18 internal standard
from both age groups.
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FABP Messenger RNA Analysis
As shown in Figure 13, in ages below 50, levels of both FABPs were not
significantly different between CAM and AAM. In ages 50 and older, FABP3 mRNA
was significantly higher in CAM relative to AAM (87-fold). Conversely, FABP5 mRNA

was significantly higher in AAM relative to CAM (9-fold).
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Figure 13. FABP Messenger RNA Levels, Split by Age Group. A. FABP mRNA levels,
ages below 50. Levels of both FABPs were not significantly different between CAM and
AAM. B. FABP mRNA levels, ages 50 and older. FABP3 mRNA was higher in CAM
relative to AAM (87-fold). FABP5 mRNA was higher in AAM relative to CAM (9-fold).
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Discussion

Prior to initiation of the study, we hypothesized that levels of FABPS protein
would be significantly higher in malignant tissues, and particularly in AAM tissues
relative to CAM tissues, which would reflect increased tumor aggressiveness. Regarding
FABP3 protein and mRNA levels, we hypothesized that levels would be significantly
higher in normal tissues, and particularly in CAN tissues relative to AAN tissues, due to
differences in lactation rates between the ethnic groups. Our findings for FABPS were as
hypothesized; however findings for FABP3 differed from those hypothesized.

Analysis of FABPS protein levels showed that in AA tissues, malignant samples
had significantly higher FABPS protein compared to normal samples. Moreover, the
AAM samples had higher FABPS relative to CAM, indicative of increased tumor
aggressiveness and metastatic potential in the former. Notably, the CAM and CAN
samples had similarly low levels of FABPS protein, consistent with decreased
aggressiveness. RNA analysis in ages below 50 showed no significant FABPS difference
between AAM and CAM; however, analysis in ages 50 and older showed that AAM
samples expressed higher levels of FABPS mRNA relative to CAM, again, indicative of
increased tumor aggressiveness in this group.

FABP3 protein was expressed in 3 bands- 14, 15, and 18 kDa. A recently
published study analyzing FABP3 protein levels in the mouse heart indicated a similar
immunoprecipitation banding pattern [Lewis et al., 2010]. The 14 kDa and 15 kDa bands
were merged in some samples, and thus we analyzed the total of these two bands
(referred to as 15 kDa). The 18 kDa band represents modified FABP3, likely tyrosine-

phosphorylated, as predicted in the literature [Nielsen and Spener, 1993]. In this study,

64



increased FABP3 was consistently associated with malignancy, in both CA and AA
samples, and in both age groups; to our knowledge, this association has not been
previously described in the literature. There did not appear to be a difference in this trend
among the various molecular weights. Of note, FABP3 was higher in AAM relative to
CAM in ages less than 50 (14,15 kDa, total). When age was not used to split the data,
FABP3 was also higher in AAM relative to CAM (14,15 kDa, total). RNA analysis
indicated that CAM tissues expressed much higher levels of FABP3 mRNA relative to
AAM.

The FABP3 mRNA levels do not reflect protein levels, as in the FABPS analysis;
the significance of this is yet unknown. In a recent study which attempted to define the
genetic profile of tumors that were at high risk of local recurrence after breast conserving
therapy, the top scoring gene was fabp3 [Kreike et al., 2006]. This supports our findings
that increased expression of FABP3 is highly associated with the malignant state, in
addition to being associated with differentiation as supported by several studies in the
literature.

Thus, this study demonstrates that increased FABP3 and FABPS are both
associated with breast malignancy, and that there is differential expression of these
proteins in AA and CA tissues. This finding is particularly significant for FABP3, as
previous literature generally described this protein as a tumor suppressor and as
decreased in the cancer state. Both proteins are increased in AAM patients relative to
AAN and CAM counterparts. In ages 50 and older, significant mRNA changes are also
seen, showing increased FABP5S mRNA in AAM relative to CAM and thus increased

aggressiveness and metastatic potential. Further work involves determining the post-
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translational modifications present in the FABP3 protein expressed in the tissue samples,
and further elucidating the FABP3 signaling pathway. Clarification of the function and
signaling mechanisms of FABPs 3 and 5 would aid in a better understanding of their role

in the breast cancer health disparity.
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CHAPTER FOUR

OVERALL DISCUSSION

Role of FABPs in Breast Tissue

Our studies have shown that, regardless of age group, FABP3 protein is more
highly expressed in malignant breast tissues, relative to normal tissues. In ages below 50,
FABP3 protein is more highly expressed in AAM tissues relative to CAM tissues. This
finding is a new one, in light of previous studies showing that FABP3 mRNA and protein
are decreased in malignant breast tissues [Hertzel and Bernlohr, 2000; Huynh et al.,
1996]. In a clinical study, which attempted to define the genetic profile of breast
tumors at high risk of recurrence after breast conserving therapy, the top scoring
gene was fabp3 [Kreike et al., 2006]. Thus far, this study is the only published study, in
addition to our studies, regarding FABP3 and increased risk of breast carcinogenesis.
Furthermore, our study is the first, to our knowledge, to demonstrate that increased
FABP3 protein levels are associated with malignancy, in addition to the existing
association of increased FABP3 levels with differentiation. It is possible that FABP3 has
protective effects in the normal state, as repeatedly demonstrated in the literature, and
then in the malignant state, is markedly upregulated in an attempt to halt cancer
progression through its signaling effects. To determine if FABP3 expression in the breast
is higher in pregnancy or in the malignant state, one could sample breast tissue while
women are pregnant and/or lactating; however, this would obviously be unethical. We

were also able to see that FABP3 is expressed in an 18 kDa form in addition to the 15
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kDa form. A precedent for this finding was seen in the literature, in a study of FABP3
found in mouse cardiac tissue [Lewis et al., 2010]. The 18 kDa form may be tyrosine-
phosphorylated, as predicted in the literature [Nielsen and Spener, 1993], and may relate
to proper FABP3 signaling and function. Both forms of FABP3 are increased in the
malignant state. When looking at mRNA levels, we found that in ages below 50, FABP3
was not significantly different between CAM and AAM patients. However, in ages 50
and older, FABP3 mRNA had almost 90-fold greater expression in CAM relative to
AAM. This is interesting given that as it relates to protein expression, FABP3 is
significantly higher in AAM relative to CAM in ages below 50, and not significantly
different between AAM and CAM in ages 50 and older. The significance of this is as yet
unknown. It could be that the FABP3 mRNA in AAM tissues is translated or degraded at
a higher rate, thus causing the mRNA to be significantly decreased.

In AA patients, FABPS5 protein is more highly expressed in malignant tissues;
however, this does not hold true in CA patients. Additionally, FABPS is more highly
expressed in AAM relative to CAM. For ages 50 and older, the FABPS mRNA levels are
consistent with the protein findings; levels in AAM are 9-fold higher than in CAM.

Since FABPS is associated with metastasis and carcinogenesis [Jing et al., 2000], this

implies greater aggressiveness of the AA tumors.

Role of IGF-II and PRL in Breast Differentiation and
Regulation of FABPs

Studies of two untreated ER negative normal breast epithelial cell lines, MCF10A
and AG11132, demonstrated that the CA MCF10A cell line had significantly higher

levels of FABP3 and FABPS protein relative to the AA AG11132 cell line. FABPS
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mRNA was also significantly higher in MCF10A cells, relative to AG11132 cells.
However, FABP3 mRNA was undetectable in MCF10A cells, and expressed at very low
levels in AG11132 cells. This may indicate that FABPS has a greater role in normal cell
functioning which includes intracellular fatty acid transport, while FABP3 may have a
more differentiation-specific role (i.e., FABP3 mRNA levels only increase when the cells
receive a differentiation stimulus). Untreated MCF10A cells also had higher levels of
PRL and IGF-II protein relative to AG11132 cells. Conversely, the mRNA levels of
these two proteins were increased in AG11132 cells, with IGF-II mRNA levels being
over 40-fold higher. This finding is consistent with previous results from our laboratory,
which demonstrated higher IGF-II mRNA levels in AA normal breast tissue relative to
CA normal tissue, with the difference most pronounced in women below 45 years of age
[Kalla Singh et al., 2010].

Studies of PRL-treated MCF10A and AG11132 cell lines demonstrated that
FABP3 protein increased in response to PRL treatment in the AG11132 cell line, and
remained steady in the MCF10A cell line with a decrease at highest treatment
concentration. This was mostly likely due to differences in PRLR and initial FABP3
protein levels between the two cell lines. MCF10A cells expressed the long form of
PRLR, and had high levels of FABP3 protein in the untreated state, while AG11132 cells
did not express the PRLR long form, and had significantly lower levels of FABP3
protein. In both cell lines, PRL treatment resulted in decrease in FABPS5 protein, which is
associated with decreased metastatic potential, and was in accordance with previous
findings in the literature. Response of IGF-II to PRL signaling differed somewhat

between the two cell lines. In the MCF10A cell line, PRL treatment resulted in increases
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in IGF-II mRNA. This was to be expected as IGF-II has been reported to mediate PRL’s
differentiation effects [Brisken et al., 2002]. However, in the AG1132 cell line, PRL
treatment resulted in increased IGF-II mRNA at lower concentrations, and decreased
IGF-IT mRNA at higher concentrations. Additionally, maximal levels of FABP3 were
associated with low IGF-II mRNA levels in this cell line.

Thus, it can be seen that PRL treatment of both cell lines induced a favorable
profile as it relates to decreased risk of carcinogenesis—increased or maintained
protective FABP3 and decreased FABPS, which is associated with metastasis.
Interestingly, in AG11132 cells, IGF-II mRNA levels only increased at low PRL
concentration, while FABP3 protein levels increased with increasing PRL concentration.
This indicates that IGF-II may mediate increased/maintained FABP3 protein levels in
MCF10A cells, but not in AG11132 cells, and that PRL signaling may not involve IGF-II
in the latter cell line at higher treatment concentrations. Though IGF-II has been reported
to mediate PRL’s differentiation effects through upregulation of cyclin D1 [Brisken et al.,
2002; Hovey et al., 2003], there is some evidence that IGF-II may not be required for
these effects in all cases. For example, Carver and Schuler [2008] demonstrated that in
the MCF-7 breast cancer cell line, PRL was able to induce cyclin D1 expression prior to
upregulation of IGF-II transcript levels, suggesting that though PRL caused IGF-II

increase, this was not required for signaling.

Conclusions and Future Directions

In summary, we have seen that though FABP3 is associated with differentiation,

both FABP3 and FABPS5 proteins increase in the malignant state, and that AAM breast
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tissues express higher levels of these proteins, relative to CAM tissues. In ages above 50,
the FABP3 mRNA is significantly increased in CAM, pointing to a possible greater
protection, or reserve against carcinogenesis, while the FABPS mRNA is significantly
increased in AAM, pointing to greater tumor aggressiveness. Cell studies demonstrate
that FABP3 and FABPS are expressed in normal mammary epithelial cells, and that
treatment of these cells with PRL causes increased/maintained FABP3 levels, with the
AA cell line showing a more robust response likely due to decreased initial FABP3 and
PRLR levels. If the finding of lower PRLR levels were to hold true in AA breast tissue,
it would provide a rationale for decreased protection against carcinogenesis, as higher
levels of PRL would be required to induce protective differentiation changes in the
breast. In both cell lines, decreased FABPS is also seen, which may be protective against
carcinogenesis. In the CA cell line, levels of FABP protein appear to be regulated by
increased IGF-II, while in the AA cell line, IGF-II appears to only be involved at lower
treatment concentrations.

The demonstration that PRL treatment of AG11132 cells, normal mammary
epithelial cells with low levels of FABP3, may simulate the protective effect of
pregnancy, and cause a protective increase in FABP3, may be utilized for protective
short-term pretreatment of human breast tissue in the future. Russo and colleagues
[2005] have demonstrated that short-term pretreatment of breast tissue with human
chorionic gonadotropin is able to induce a protective genomic signature, mimicking that
of breast tissue that has undergone pregnancy and lactation-induced differentiation.
Further PRL treatment experiments in normal mammary epithelial cell lines and animal

breast tissue may validate a protective pretreatment effect at the genetic level, which
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would include increased FABP3 expression. In the breast cancer state, PRL levels are
dysregulated, and high levels are associated with increased proliferation [Swaminathan et
al., 2008]. However, increasing PRL levels in normal breast cells for short-term
treatment should not have the same effect. As aforementioned, in both premenopausal
and postmenopausal women, PRL levels are markedly upregulated after the first
pregnancy, followed by a long-lasting reduction in levels, which is protective against
future carcinogenesis [Tworoger and Hankinson, 2008].

To be able to apply our initial findings to the larger population, further studies are
needed. Some of these studies would include: determining the post-transcriptional
modifications present in FABP3 protein in breast tissues from AA and CA women,
measuring PRLR levels in AA and CA breast tissues, PRL treatment of other CA and AA
normal cell lines to determine if the findings above are consistent, and elucidating the
FABP3 nuclear signaling pathway in further detail. At present, we can state that our
studies have been able to preliminarily elucidate the differences in FABP3 and FABPS
expression between AA and CA breast tissues and cell lines, as well as differences in the
responses of the cell lines to PRL treatment, and have shed light on possible biological

mechanisms undergirding the breast cancer health disparity.
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