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Fatty Acid-Binding Protein: FABP 

Specificity Protein 1 : SP1 

Peroxisome Proliferator-Activated Receptor : PPAR 

Reverse Transcription : RT 

Polymerase Chain Reaction : PCR 

Quantitative real-time PCR : qPCR 

Complementary DNA : cDNA 

Messenger RNA : mRNA 

Phosphate Buffered Saline : PBS 

Tris Buffered Saline : TBS 

Sodium Dodecyl Sulfate : SDS 

5-aza-2-deoxycytidine : 5-aza-dC 

Trichostatin A : TSA 

Open Reading Frame : ORF 

Bovine Serum Albumin : BSA 

Horseradish Peroxidase : HRP 

small interfering RNA : siRNA 

Ribosomal RNA : rRNA 

Chromatin immunoprecipitation : ChIP 

Combined Bisulfite Restriction Analysis : COBRA 

Quantitative Analysis of DNA Methylation using real-time PCR : qAMP 
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Table 1-1. Family of fatty acid-binding proteins 

Gene name Common name Tissue distribution Chromosomal location 

FABP1 Liver FABP liver, intestine, kidney 2p11 

FABP2 Intestinal FABP intestine, stomach 4q28–q31 

FABP3 Heart FABP heart, mammary gland, etc. 1p33–p31 

FABP4 Adipocyte FABP adipocyte, macrophages 8q21 

FABP5 Epidermal FABP skin, brain, lens, macrophage 8q21.13 

FABP6 Ileal FABP Ileum, ovary, adrenal gland 5q23–q35 

FABP7 Brain FABP brain, central nervous system 6q22–q23 

FABP8 Myelin FABP peripheral nervous system 8q21.3–q22.1 

FABP9 Testis FABP testis 8q21.13 

FABP12* ----- testis, kidney, retina 8q21.13 

* FABP12 has recently been discovered. The gene has been identified, but published reports on 

the protein encoded by this gene are not yet available. 
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Figure 1-1. Crystal structure of ligand-bound FABP 

The protein structure is similar for all the FABPs and shows the N-terminal helix-turn-helix 

motif and the β-barrel domain. Hydrophobic ligands-binding region is located in the interior of 

the β-barrel domain. Figure1-1 shows FABP5 with a bound palmitate molecule. The graphic 

was created using PyMOL. 
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[Science 324, 1029-1033 (2009)] 

Figure 1-2. Schematic representation of the differences between oxidative phosphorylation, 

anaerobic glycolysis, and aerobic glycolysis (Warburg effect) 
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Table 2-1. Antibodies used in this study 
Target Application Supplier 
FABP5 WB Abcam 
c-MYC WB Cell Signaling Technology 
SP1 WB Cell Signaling Technology 

p21WAF/Cip1 WB Cell Signaling Technology 
p53 WB Cell Signaling Technology 

p-p53 (Ser 15) WB Cell Signaling Technology 
AKT WB Cell Signaling Technology 

p-AKT (Ser 473) WB Cell Signaling Technology 
DDX5 WB Cell Signaling Technology 

PGC-1  WB Bethyl Laboratories 
β-actin WB Santa Cruz Biotechnology 
α-tubulin WB Santa Cruz Biotechnology 

HRP conjugated anti-rabbit IgG WB Enzo life science 
HRP conjugated anti-mouse IgG WB Enzo life science 

acetyl-histone H3 (Lys 9) ChIP Cell Signaling Technology 
dimethyl-histone H3 (Lys 9) ChIP Cell Signaling Technology 

MECP2 ChIP Active Motif 
TBP ChIP Santa Cruz Biotechnology 

rabbit normal IgG ChIP Santa Cruz Biotechnology 
FABP5 IHC [76] 

anti-rabbit IgG-FITC IHC Santa Cruz Biotechnology 
active Caspase-3 FC BD Pharmingen 

FITC-conjugated anti-rabbit IgG FC Jackson ImmunoResearch 
Agarose conjugated anti-DDDDK-tag IP MBL 

HRP; horseradish peroxidase, WB; Western blotting, ChIP; Chromatin immunoprecipitation 

IHC; Immunohistochemistry, FC; Flow Cytometry, IP; immunoprecipitation 
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Table 2-2. Sequences of primers used in this study 
 Forward (5’→3’) Reverse (5’→3’) 
Semiquantitative RT-PCR 
FABP1 

 
GCAGAGCCAGGAAAACTTTG 

 
TCTCCCCTGTCATTGTCTCC 

FABP2 TTGGAAGGTAGACCGGAGTG AGGTCCCCCTGAGTTCAGTT 
FABP3 AGCCTAGCCCAGCATCACTA GTCCCCATTCTTTTCGATGA 
FABP4 TACTGGGCCAGGAATTTGAC GTGGAAGTGACGCCTTTCAT 
FABP5 AAGGAGCTAGGAGTGGGAAT TCATGACACACTCCACCACT 
FABP6 CTCATCCCTCTGCTCTCTGG GTGCTGGGACCAAGTGAAGT 
FABP7 GTGGGAAATGTGACCAAACC CTTTGCCATCCCATTTCTGT 
FABP8 CAAGCTAGGCCAGGAATTTG CCACGCCCTTCATTTTACAT 
FABP9 TGATGGGAAAATGATGACCA TCTCTTTGCCAAGCCATTTT 
FABP12 GATGGGAAAATGGTGGTGGA TTGATGATACTTTCTCGTATGTTCG 
β-actin AGGTCATCACCATTGGCAAT ACTCGTCATACTCCTGCTTG 

 
Quantitative real-time PCR 
FABP5 

 
GCTGATGGCAGAAAAACTCAGA 

 
CCTGATGCTGAACCAATGCA 

MAGL GCTGGACCTGCTGGTGTT CCTGACGAAAACGTGGAAGT 
HSL 
ADRP 
PDPK1 
ACC  
FASN 
IDH1 
c-MYC 
SP1 
18S rRNA 
GAPDH 

GCTGCATAAGGGATGCTTCT 
GACTCTTCCGTGCGTTCTTC 
CAGGGGTGATGGACAAGACC 
GGTTTGTGGAAGTGGAAGGA 
CCCCTGATGAAGAAGGATCA 
TTTTCCCTACGTGGAATTGG 
CGTCTCCACACATCAGCACAA 
GGCCTCCAGACCATTAACCT 
CGGCTACCACATCCAAGGAA 
CAGCCTCAAGATCATCAGCA 

GAGATGGTCTGCAGGAATGG 
CTGAGCCCCTAGTCCTGTGG 
TCATCCGACTCCCCAAGACT 
CACTCCGCCAGATCCTTATT 
ACTCCACAGGTGGGAACAAG 
AGCATCCTTGGTGACTTGGT 
TCTTGGCAGCAGGATAGTCCTT 
GAGACCAAGCTGAGCTCCAT 
GCTGGAATTACCGCGGCT 
GGTGCTAAGCAGTTGGTGGT 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



21 
 

 
 
 
 
Table 2-2 (continued). Sequences of primers used in this study 
 Forward (5’ 3’) Reverse (5’ 3’) 
Bisulfite PCR 
-313/+105 promoter 

 
GGGTTAGGTTTTTAGGTGATTTTTT 

 
TCAAAACCTTTACTATCCACCAAAC 

+106/+400 intron 1 TGAATATATGAAGGAGTTAGGTGAGGTAT AAAAACAAAAATAAATAAACCAC 
 
qAMP 
E-box3 

 
 
ATCCCCTCCCATCTTCCCC 

 
 
GTGCTGCGCGCGCTGCACCC 

qAMP control AATGGCCAAGCCAGATTGTA GCCATCAGCTGTGGTTTCTT 
 
ChIP-qPCR 
GC-box 2/3, 4 
TATA-box & GC-box 5 

 
 
CTGGTTAGCACCTCCCGAC 
CCTCCCATTGGCCGCATAG 

 
 
CTATGCGGCCAATGGGAGG 
GTGGCAGCGTGCTGTGAG 

E-box 1 GAAGGAGCTAGGTGAGGCAC GGACCTAGGGACAGACGACC 
E-box 2 GTCGTCTGTCCCTAGGTCC GAAGATGGGAGGGGATGGG 
E-box 3,4 ATCCCCTCCCATCTTCCCC CACGCTCCCTGCTCCTC 
 
Cloning 
FABP5 /-2000 ~ +46 

 
 
CTAGCTAGCGTAGAGCTTAAGGGGCAT 

 
 
ATGCCATGGTGGGTGCGGG 

FABP5 /-1223 ~ +46 AAGAACTAGTAGTGTCTCGG ATGCCATGGTGGGTGCGGG 
FABP5 /-895 ~ +46 CTAGACTAGTACTTCCAACAGGCACCCG ATGCCATGGTGGGTGCGGG 
FABP5 /-567 ~ +46 CTAGCTAGCTCCCCACTATTGGGCCAGGGA ATGCCATGGTGGGTGCGGG 
FABP5 /-404 ~ +46 CTAGCTAGCAGTCCGGCGAGGGCTAATC ATGCCATGGTGGGTGCGGG 
FABP5 /-337 ~ +46 CTAGCTAGCAAACGGAGGGGTGCAGGAGA ATGCCATGGTGGGTGCGGG 
FABP5 /-182 ~ +46 CTAGCTAGCTCGCGTACCCTGGCAAGA ATGCCATGGTGGGTGCGGG 
FABP5 /-84 ~ +46 CTAGCTAGCTCCCATTGGCCGCATAGC ATGCCATGGTGGGTGCGGG 
FABP5 /-49 ~ +46 GGACTAGTGCCGTTATAAAGCAGCCGC TGCAGGAATTCCTTTTAATCTGC 
FABP5 /-337 ~ +1285 
FABP4 ORF 
 
FABP5 ORF 

CTAGCTAGCAAACGGAGGGGTGCAGGAGA 
CGGAATTCACCATGTGTGATGCTTTTGTAGG 
 
CGGAATTCCACCATGGCCACAGTTCAGCA 

TGATTGTCTTGATGAAGAAC 
ATAAGAATGCGGCCGCTTATGCTCTCTCAT
AAACTCT 
CCGGGATCCTTCTACTTTTTCATAGAT 

SP1 ORF CTAGCTAGCCACCATGAGCGACCAAGATC CGGAATTCTCAGAAGCCATTGCCA 
c-MYC ORF CGGAATTCACCATGCCCCTCAACGTTAGCTT ATAAGAATGCGGCCGCTTACGCACAAGAGT

TCCGTA 
Mutagenesis* 
GC-box 1 mut 

 
actaGtGCCAGGCCTCCAGGTGACCCCTCTG 

 
TCTCCTGCACCCCTCCGTTT 

GC-box 2/3 mut aaGcttGGGGACCGGGCGAGGCCCGCCTCCC CCCGCCGGGCGCCCCCTGGGCCTTC 
GC-box 4 mut agatCTCCCATTGGCCGCATAGCGCCGCC GCCTCGCCCGGTCCCCGC 
GC-box 5 mut ggtaCCAGCGCGGGCCGCCGTTATAAAG CGCTATGCGGCCAATGGG 
E-box/-301 mut CtcGaGACCCCTCTGGCTTCCTGGGCCTGCA GAGGCCTGGCCCCGCCTCTC 
κB-site 1 mut tCtAGaCCCTGCTTGCAGGAGGCGCCCGAGA CCGGCGCGCCCCACGCCTCA 
κB-site 2 mut tctagaCCCGGCGGGCGGGGCGGGGACCGG CTGGGCCTTCTCGGGGTCG 
E-box 1 mut gcTtGCGTGTTGTGCGGTCGTCTGTCCC TTGCAGGCGCTGCCAG 
E-box 2 mut atctCCAGATTCTGGGGCAGGAGATGCTC CTGACGGGGACCTAGGGACA 
E-box 3 mut CtCGaGGCCGTTGGGTGCAGCGCGCGCAGCA GTGGGGAAGATGGGAGGGGA 
E-box 4 mut CtGCaGGGCAGGCGGCGAGGAGCAGGGAGC GTGCTGCGCGCGCTGCACCC 

*The mutated nucleotides are shown in lowercase. 
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Figure 2-1. Vector map of pGEM-T Easy vector 

Figure 2-2. Vector map of pCpGL-basic vector 

pCpGL-basic luciferase reporter vector completely lacks CpG dinucleotides and can be used to 

study the effect of promoter DNA methylation in transfection assays.
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Figure 2-3. Vector map of pCI-neo vector 

Figure 2-4. Vector map of pFLAG-CMV-5 vector 
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Figure 3-1. The expression profile of FABP subtypes in colorectal cancer (CRC) cells 

Semi-quantitative analysis of the expression of FABP genes by RT-PCR in human CRC cell 

lines (HCT116, LoVo, DLD-1 and Caco-2) and normal colon fibroblast (CCD-18Co) cells. 

β-actin served as a loading control. The data shown are representative of three independent 

experiments. 
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Figure 3-2. FABP5 expression in CRC cells 

(A) Relative expression levels of FABP5 mRNA in normal and cancer cells were analyzed by 

Q-PCR. The results shown are the means ± S.D. of three independent experiments. (B) Western 

blot analysis of FABP5 protein levels in HCT116, LoVo, DLD-1, Caco-2 and CCD-18Co cells. 

Whole cell lysates were prepared and subjected to Western blotting. The data shown are 

representative of three independent experiments. 

B 

A 
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Figure 3-3. FABP5 is upregulated in human colorectal tumors 

Analysis of TissueScan Disease tissue qPCR array consisting of cDNA derived from samples of 

denoted stages of colorectal tumors and matched normal colorectal tissue. FABP5 expression 

was normalized to β-actin and calibrated to the mean mRNA level in normal tissue (sample 1). 
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Figure 3-4. Knockdown of FABP5 in HCT116 cells 

HCT116 cells were transfected with siRNA against FABP5 or negative control. After 72 hours, 

the expression level of FABP5 mRNA (A) and protein (B) were evaluated by quantitative 

real-time PCR and Western blotting respectively. Result shown is the mean ± SD of four 

independent experiments (A), and one representative data of three independent experiments is 

shown (B). Asterisk indicates significant difference (P 0.05). 
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Figure 3-5. Effect of FABP5 on the cell proliferation in CRC cells 

(A) Cell proliferation assay. HCT116 cells were seeded on 6-well culture plates and transfected 

with FABP5 or negative control siRNA. Cell numbers were counted at the indicated times. Data 

are expressed as the mean ± SD of three independent experiments. Asterisk indicates significant 

difference (P 0.05). 

(B) A representative image of siControl cells (upper panel) and siFABP5 cells (lower panel) at 

72 hours after transfection are shown. Scale bar, 200 μm. 

 

B A 
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Figure 3-6. Effect of FABP5 on the cell cycle of HCT116 cells 

Cell cycle analysis of HCT116 cells after FABP5 knockdown. Cell cycle distributions were 

measured by flow cytometry using a FACSCalibur flow cytometer and analyzed by Cell Quest 

software. The phase fractions (%) are shown in the graph. Data shown represents the mean ± SD 

of three independent experiments. 

 

 

 



38 
 

 

 

 

 

 

Figure 3-7. Effect of FABP5 knockdown on the induction of p21 CDK inhibitor 

FABP5 siRNA increased p21 level. Lysates from HCT116 cells were analyzed by Western 

blotting using specific antibodies to FABP5, p21, c-MYC, p53 and phospho-p53 (Ser15). 

α-tubulin was used as a loading control. The Western blot data shown are representative of three 

independent experiments. 
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Figure 3-8. Effect of FABP5 knockdown on apoptotic cell death 

Assay for caspase-3 activities after transfection with FABP5 or negative control siRNA were 

performed. The values represented are the rate of induction of apoptosis compared to the control 

(siControl). *, significantly different from siControl, P 0.05 
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Figure 3-9. Effect of FABP5 on the invasion ability in CRC cells 

FABP5 knockdown decreases the invasion of HCT116 colon cancer cells. Cells were induced to 

invade through Matrigel-coated membranes. The invasive cells were fixed, stained and counted. 

Representative images of three independent experiments are shown in (A). Scale bar, 400μm. 

The numbers of invasive cells are shown (B). The data shown are the means ± S.D. of three 

independent experiments. (C) HCT116 cells were transfected with siRNA against FABP5 or 

negative control siRNA. 72 hours after transfection, MAGL and HSL mRNA levels were 

determined by Q-PCR. *, significantly different from siControl, P 0.05. 

B 
C 

A 
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[Cell 140, 28-30 (2010)] 

Figure 3-10. Free fatty acids and tumorigenesis 

FABP5 knockdown decreases the invasion of HCT116 colon cancer cells. Cells were induced to 

invade through Matrigel-coated membranes 
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Figure 3-11. FABP5-PPAR β/δ signaling is not major pathway in CRC cells 

HCT116 cells were transfected with siRNA against FABP5 or negative control. 48 hours after 

transfection, cells were treated with GW0742 (1μM, 24hours). FABP5, ADRP and PDPK1 

mRNA level were determined by quantitative real-time PCR. Results shown are the mean ± SD 

of three independent experiments. significantly different from nontreated siControl, P 0.05. 

*, significantly different from non-treated siControl 
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Figure 3-12. FABP5-PPAR β/δ signaling is not major pathway in CRC cells 

Caco-2 cells were transfected with pCI-neo/FABP5 expression vector or control vector. 48 

hours after transfection, cells were treated with GW0742 (1μM, 24hours). FABP5 (A), ADRP 

and PDPK1 (B) mRNA level were determined by quantitative real-time PCR. Results shown 

are the mean ± SD of three independent experiments.  

A 

B 
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Figure 3-13. High-level FABP5 promotes CRC cell growth via functional association with 

a novel signaling pathway other than PPAR β/δ signaling 

(A) Western blot analyses using specific antibodies to FABP5, AKT and phospho-AKT 

(Ser473). α-tubulin was used as a loading control. The Western blot data shown are 

representative of three independent experiments. (B) ACCα, FASN and IDH1 mRNA levels 

were determined by Q-PCR. The results shown are the means ± S.D. of three independent 

experiments.*, significantly different from siControl, P 0.05. 

A 

B 
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Figure 3-14. Intracellular localization of endogenous FABP5 

Endogenous FABP5 protein was exclusively localized in cytoplasm in PC-3M cells (left panel, 

green fluorescence). The nuclei were counter-stained by Hoechst 33342 stain (middle panel, 

blue fluorescence). The merged image is seen in right panel. 

 

 

Figure 3-15. Ligand-dependent nuclear Localization of FABP5 

GFP-tagged FABP5 protein was expressed in COS-7 cells. GFP-tagged FABP5 protein 

diffusely localized throughout the cells in the absence of ligands (oleic acids), and translocated 

into nucleus in the presence of oleic acids. 
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Figure 3-16. Identification of FABP5 Interacting Proteins 

(A) Silver stain analysis. Immunoprecipitates of control IgG (left) and FLAG-FABP5 (right) 

were examined by silver stain analysis. The arrow indicates the approximate position (about 70 

KDa) of potent protein interacted with FABP5. (B) Result of Mascot search. Mass spectrometry 

analysis revealed that 70 kDa band was p68 RNA helicase (DEAD box polypeptide 5 DDX5) 

(C) Co-immunoprecipitation analyses. Input (left, 10% lysate) and anti-FLAG 

immunoprecipitates (right, IP FLAG) from HEK293T cells transfected with empty vector or 

FLAG-FABP5 were analysed by Western blotting. 
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Figure 3-17. Identification of FABP5 Interacting Proteins 

Pull-down assays of FABP5. Beads that bound His tag-FABP5 were incubated with hole cell 

protein extracts of DU-145 cells. The remaining proteins on the beads were liberated by boiling 

the beads. Fractions collected were analyzed by SDS-PAGE followed by silver staining. M; 

molecular weight marker, lane 1; control beads, lane 2-4; His tag FABP5 fixed beads (10mM), 

lane 5-7; His tag FABP5 fixed beads (50mM). 
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[Cell Metab 18, 153-161 (2013)] 

Figure 3-18. Overview of cellular fatty acid metabolism 
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Figure 4-1. FABP5 is specifically overexpressed in human prostate cancer cells 

Semi-quantitative RT-PCR analysis of FABP5 expression in human prostate cancer cell lines 

(PC-3, DU-145, 22Rv1, and LNCaP) and a benign prostate cell line (PNT2). β-actin served as 

the endogenous control. The data shown are representative of three independent experiments. 
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Figure 4-2. FABP5 expression in human prostate cancer cells  

(A) Relative levels of FABP5 mRNA in prostate cancer and benign prostate cell 

lines were measured by quantitative real-time PCR. Results shown are means ± 

S.D. of three independent experiments.  (B) Western blot analysis of FABP5 protein 

levels in prostate cancer and benign prostate cell lines. Total cellular protein was 

subjected to SDS-PAGE, and Western blotting was performed using an 

anti-FABP5 antibody. α-tubulin was used as the endogenous control. The data 

shown are representative of three independent experiments. 

B 

A 



65 
 

 

 

 

 
 

 

Figure 4-3. Transcriptional activity of the 5’-flanking region and intron 1 of FABP5 gene 

Deletion analysis of the FABP5 promoter. Reporter plasmids containing the 5'-flanking region of 

the FABP5 gene with serial deletions (pCpGL-FABP5/-2000, -1223, -895, -567, -404, -337, 

-182, -84, -49, -337~+1285, and pCpGL-basic) were transfected into PC-3 cells. The hRluc/TK 

vector was used as an internal control for transfection efficiency. Luciferase activities were 

measured 24 h after transfection and normalized to the renilla reporter activities. Promoter 

activities are expressed relative to the activity of the pCpGL-basic vector. Results shown are the 

mean ± SD of three independent experiments. 
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Figure 4-4. The DNA methylation status of the CpG island in the FABP5 promoter region 

(A) Schematic representation of CpG loci in the FABP5 promoter region. CpG dinucleotide 

positions are indicated by vertical bars. Positions of PCR primers for COBRA and qAMP are 

indicated by horizontal arrows, and HhaI and BstUI sites are indicated by vertical arrows.  

(B) Bisulfite sequencing analysis of the FABP5 promoter in prostate cancer and benign prostate 

cell lines. Closed circles represent methylated CpG sites, and open circles represent 

unmethylated CpG sites. 
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Figure 4-4 (continued). The DNA methylation status of the CpG island in the FABP5 promoter region 

((C) Comparison of digestion patterns in prostate cancer and benign prostate cell 

lines by combined bisulfite restriction analysis (COBRA). Undigested (−) and 

HhaI-digested (+) bisulfite-PCR products were resolved in 2% (w/v) agarose gel 

together with a 100 bp ladder. M represents methylated, and U represents 

unmethylated. The data shown are representative of three independent 

experiments. ((D) Calculation of percent methylation of the FABP5 promoter (first 

intron region) by quantitative analysis of DNA methylation using qAMP. Results 

shown are means ± S.D. of three independent experiments. 

D 

C 
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Figure 4-5. Effects of DNA methylation on transcription factors binding and histone modification 

((A) ChIP-qPCR analysis of transcription factors binding to the FABP5 promoter. 
ChIP was performed with antibodies against TBP or MeCP2, followed by 
quantification by real-time PCR of ChIP. The values of PNT2 sample are set at 1. 
(B) PC-3 and PNT2 cells were examined for histone modifications by ChIP-qPCR. 
ChIP assay of the acetylation and dimethylation of histone H3K9 on the FABP5 
promoter were performed. The enrichment values are shown as the fold difference 
relative to PNT2 cells. Results shown are the mean ± SD of three independent 
experiments. 

B 

A 
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Figure 4-6. DNA methylation status plays a key role in regulating FABP5 expression. 

Relative expression levels of FABP5 mRNA in 5-aza-dC and/or TSA-treated PNT2 cells. 

Expression levels of FABP5 mRNA were determined by quantitative real-time PCR and 

normalized against the corresponding levels of GAPDH. NS stands for not statistically 

significant. Asterisks indicate significant differences (P 0.05). 
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Figure 4-7. Location of predicted transcription binding sites of the FABP5 gene promoter 

Nucleotide sequence of the FABP5 promoter region, including exon 1 and part of intron 1. 

Locations of predicted transcription factor-binding sites are underlined. The shaded region 

indicates exon 1, and the initiation codon of the FABP5 gene is boxed. The arrow indicates the 

transcription start site (TSS, +1). Numbers indicate nucleotide positions relative to the TSS. 
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Figure 4-8. Characterization of transcription factors binding to the FABP5 promoter 

Site-directed mutagenesis was performed using the pCpGL-FABP5/-337~+1285 construct as a 

template. Wild-type (Wt.) or mutated plasmid was co-transfected with hRluc/TK into PC-3 cells. 

Luciferase activities were measured and normalized against the corresponding Renilla luciferase 

reporter activities. Crosses indicate mutation sites. The values are expressed as the percentage of 

the wild-type promoter activity. Results shown are means ± S.D. of three independent 

experiments. 
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Figure 4-9. Sp1 and c-MYC are involved in transcriptional regulation of FABP5 gene in 

prostate cancer 

Relative mRNA and protein levels of SP1 (A, B) or c-MYC (C, D) in PNT2 and PC-3 cells. 

mRNA levels were determined by quantitative real-time PCR. Lysates from the indicated cell 

lines were analyzed by Western blot using specific antibodies against SP1 or c-MYC. β-actin 

was used as a loading control. Western blot data are representative of 2–3 independent 

experiments with similar results. 
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Figure 4-9 (continued). Sp1 and c-MYC are involved in transcriptional regulation of 

FABP5 gene in prostate cancer 

(E) Schematic representation of the FABP5 promoter region. GC-boxes, E-boxes, and 

TATA-box are indicated as white rectangles. (F) ChIP-qPCR analysis to evaluate binding of SP1 

and c-MYC proteins to the FABP5 promoter. The indicated SP1 or c-MYC binding sites were 

amplified using ChIP-qPCR primers (Table 2-2) and quantitated by real-time PCR. Results are 

expressed as fold enrichment relative to the value from PNT2 cells. Data are expressed as the 

means ± S.D. of three independent experiments. Asterisks indicate significant differences (P

0.05). 

F 

E 
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Figure 4-9 (continued). Sp1 and c-MYC are involved in transcriptional regulation of 

FABP5 gene in prostate cancer 

PC-3 cells were transfected with siRNA against SP1 (G) or c-MYC (H). After 72 hours, the 

expression levels of SP1, c-MYC, and FABP5 mRNA were evaluated by quantitative real-time 

PCR. 
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Figure 4-9 (continued). Sp1 and c-MYC are involved in transcriptional regulation of 

FABP5 gene in prostate cancer 

(I) The effect of overexpression of SP1 or c-MYC in PNT2 and PC-3 cells. PNT2 and PC-3 

cells were transfected with pCI-neo/SP1 or c-MYC expression vector. After 48 hours, the 

expression levels of FABP5 mRNA were evaluated by quantitative real-time PCR. (J) The 

effect of DNA methylation on the transcriptional activity of the FABP5 promoter. The 

SssI-methylated or unmethylated constructs were transfected into PC-3 cells. Luciferase 

activities were measured and normalized against the corresponding Renilla luciferase reporter 

activities. The value of mock unmethylated reporter is defined at 1. The results shown are means 

± S.D. of three independent experiments. Asterisks indicate significant differences (P 0.05). 
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Figure 4-10. FABP5 plays a key role in prostate cancer progression 

Cell proliferation assay. PC-3 cells were transfected with siRNA against FABP5, c-MYC, or 

SP1 or a negative control siRNA, and cells were counted at the indicated times. Data are 

expressed as means ± S.D. of three independent experiments. Asterisks indicate significant 

differences (P 0.05). 
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Figure 4-11. FABP5 plays a key role in prostate cancer progression 

Cell proliferation assay. PNT2 cells were transfected with pCI-neo/FABP4 or FABP5 expression 

vector, and cells were counted at the indicated times. Data are expressed as means ± S.D. of three 

independent experiments. NS stands for not statistically significant. Asterisks indicate significant 

differences (P 0.05). 
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Figure 4-12. Oncomine box plots of FABP5 expression levels between human normal and 

prostate cancer tissues 

Analysis of FABP5 expression in normal prostate and prostate carcinoma. Box plots of data 

from the two independent Oncomine data sets (left panel: Tomlins et al. [85], right panel: Grasso 

et al. [86]). Median values are shown as horizontal bars. The upper and lower part of the box 

show the 75th percentile and the 25th percentile, respectively. The upper and lower part of the 

bar show the 90th percentile and the 10th percentile, respectively. The points show outlier 

values. 
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Figure 4-13. FABP5 expression in human prostatic tissue samples 

(A) Quantitative real-time PCR analysis of the relative levels of FABP5 mRNA in normal 

human prostate tissue and human prostate tumor tissue (Gleason score = 9) using 18S rRNA as 

an internal control. (B) Western blot analysis of the relative levels of FABP5 protein expressed in 

the normal prostate and in prostate tumor tissue. α-tubulin was used as a loading control. The 

data shown are representative of three independent experiments. 

B 

A 
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Figure 4-14. DNA methylation status of the FABP5 gene in human prostatic tissue samples 

DNA methylation status of FABP5 gene in human prostate tissue samples. Genomic DNA 

extracted from normal prostate (n = 4) and prostate tumor tissue (n = 4) were assayed by the 

qAMP method and COBRA. Results of qAMP are presented as a dot plot, and the horizontal bars 

show the mean (A). Representative agarose gel images of COBRA are shown (B). Asterisks 

indicate significant differences (P 0.05). 

B 
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Figure 4-15. The DNA methylation status of the CpG island in the FABP5 promoter region 

(A) Schematic representation of CpG loci in the FABP5 promoter region. CpG dinucleotide 

positions are indicated by vertical bars. Positions of PCR primers for COBRA and qAMP are 

indicated by horizontal arrows, and HhaI and BstUI sites are indicated by vertical arrows. 

(B) Bisulfite sequencing analysis of the FABP5 promoter in colorectal cancer cell lines. Closed 

circles represent methylated CpG sites, and open circles represent unmethylated CpG sites. 
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Figure 4-16. Relative mRNA levels of DNMTs and TETs enzymes in prostate cancer cells 

Relative mRNA levels of DNA methyl transferases (DNMT1, 3A and 3B) and ten-eleven 

translocations family enzymes (TET1, 2, and 3) in PNT2 and PC-3 cells. mRNA levels were 

determined by quantitative real-time PCR and normalized against the corresponding levels of 18S 

rRNA. miR-22 expression pattern in PC-3, DU-145 and PNT2 cells. Mature microRNAs were 

measured by qPCR and were normalized to RNU6B. The results shown are means ± S.D. of 

three independent experiments. Asterisks indicate significant differences (P 0.05). 

 
 
Table 4-1 (related to Figure 4-16). Sequences of primers used in this study 
 
 Forward (5’ 3’) Reverse (5’ 3’) 
Quantitative real-time PCR 
DNMT1 

 
GTTCAGCAAAACCAATCTATG 

 
CATTAACACCACCTTCAAGAG 

DNMT3A ACCAGCATTTTCCTGTCTTCAT TTCAGTGCACCATAAGATGTCC 
DNMT3B 
TET1 
TET2 
TET3 
18S rRNA 

CAAGTCGAACTCGATCAAACAG 
TCTGTTGTTGTGCCTCTGGA 
CCATCTTGCAGATGTGTAGAGC 
GAGAGAAGGGGAAAGCCATC 
CGGCTACCACATCCAAGGAA 

TCATGACAACAGGGAAAAGTTG 
TCTGACTTGGGGCCATTTAC 
TCTGTCCAAACCTTTCTTCCA 
TAGCTTCTCCTCCAGCGTGT 
GCTGGAATTACCGCGGCT 
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Figure 4-17. Relative miR-22 levels in prostate cancer cells 

miR-22 expression pattern in PC-3, DU-145 and PNT2 cells. Mature microRNAs were measured 

by qPCR and were normalized to RNU6B. The results shown are means ± S.D. of three 

independent experiments. 
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