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Introduction 
As we stated in the proposal, based on our preliminary observation that expression of PUMA (P53 
Upregulated Modulator of Apoptosis) is relatively high in normal prostate cells and significantly 
reduced in prostate cancer (PCa) cell models, and the fact that PUMA’s chromosome localization on 
19q13 and PUMA’s role as a pro-apoptotic effector, we hypothesized that PUMA may be a candidate 
gene (or susceptibility locus) that, when mutated or downregulated, promotes tumor progression and 
aggressiveness. Moreover, based on the strong familial linkage between chromosome 19q13 and 
PCa in different families, and the availability of DNA samples from PCa patients, we further 
hypothesized that there may be some pathological point-mutation or small-deletion mutant alleles of 
PUMA that were inherited in the chromosome 19q13-associated PCa families. We proposed three 
tasks in this proposal: Task 1. To survey the PUMA gene for mutations using RT-PCR amplification, 
PCR amplification of genomic DNA and direct sequencing of amplified amplicons from PCa cell 
models, LNCaP, DU145 and PC3 (Months 1-12). Task 2. To survey the PUMA gene for mutations 
using PCR amplification of genomic DNA and direct sequencing of amplified amplicons of the clinical 
samples that were isolated from PCa patients and control (Months 1-18). Task 3. To investigate the 
functional consequences of point mutations or small deletions in PUMA, if any, in PUMA-induced 
apoptosis (Months 6-18). 

In the first year of this project, we surveyed the PUMA gene expression using RT-PCR 
amplification of RNA isolated from three PCa cell models, LNCaP, DU145 and PC3, BPH (benign 
prostate hyperplasia) cells or normal prostate tissues. Our results showed that expression of 
PUMA was relatively high in normal prostate tissues/cells but was significantly reduced in two 
PCa cell models, DU145 and PC3. In addition, to survey the PUMA gene for mutations using PCR 
amplification of genomic DNA and direct sequencing of amplified amplicons, we have successfully 
developed PCR protocols to amplify all three PUMA coding exons and confirmed the amplified 
sequences were bona fide PUMA. Furthermore, during the course of study, we initiated a new 
collaboration with Dr. Stephen Thibodeau, Mayo Clinic, Rochester MN, to obtain de-identified 
clinical samples which were isolated from the PCa patients with the association between 
chromosome 19q13 and PCa aggressiveness (1). Drs. Thibodeau and Schaid (PI’s another 
collaborator) have been collaborating for many years and have been making outstanding 
contributions in PCa research (1-5). Finally, we started surveying the PUMA gene for mutations 
using PCR amplification of genomic DNA and direct sequencing of amplified amplicons of the 
clinical samples that were isolated from PCa patients and controls mentioned above.  
 
Reportable Outcomes 
A. Analysis of the expression of PUMA in three PCa model cell lines by RT (reverse 
transcriptase)-PCR To study the expression of PUMA in PCa cells, BPH cells or normal 
prostate tissues at the RNA level, we designed two exonic primers, PUMA.5 (bp +220 - 236; 5’-
GGTTCCCGCTGGCCTGG-3’) and PUMA.3 (bp +594 – 572; 5’-GGGTGCAGGCACCTAATTGG-3’) 
to conduct RT and subsequent PCR using a standard protocol (6). We have successfully amplified 
the corresponding (~two third of) coding sequence of the PUMA cDNA by RT-PCR (Fig. 1). 
Importantly, our results during the first year of the funding period showed that expression of PUMA 
was relatively high in normal prostate tissues/cells but was significantly reduced in two PCa cell 
models, DU145 and PC3 (Fig. 2A&B). We are in the process of investigating the molecular bases of 
downregulation of PUMA expression in DU145 and PC3 cells. 
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Figure 1, Expression of PUMA is downregulated in two of the PCa model cell lines, DU145 and PC3. Basal 
expression of PUMA is detected in BHP cells and normal prostate tissues. (A) and (B) are two independent experiments. 
BPH, benign prostate hyperplasia cells. 
 
B. Amplification and sequencing of the three coding exons of PUMA To investigate whether or 
not PUMA gene is mutated in its coding sequence of PCa patients, we first set out to amplify the 
coding exons (exon 2, 3, 4) of human PUMA gene using control genomic DNA. Practically, there was 
a technical challenge: all 3 of the coding exons of PUMA gene are high GC rich [GC content: exon 2, 
82.35% (238/289); exon 3, 76.4% (146/191); exon 4, 61.7% (37/60)]. After comparing and contrasting 
many PCR protocols and primer sets (Figure 2), we finally PCR amplified all three coding exons of 
PUMA gene from DNA isolated from both control and patient samples successfully (Figure 3). Direct 
sequencing analysis confirmed that all PCR products of control DNA possess expected wildtype (wt) 
PUMA sequence. In addition, we conducted direct sequencing of amplified DNA samples of exons 3 
and 4 from the clinical samples of 14 PCa patients (Figure 3 B and C). So far, we did not find 
mutations in those two exons of PCa patients (data not shown). We are in the process of sequencing 
amplified exon 2 sequences of the 14 PCa patients and will amplify and sequence exons 2-4 of the 
other PCa DNA samples. 
 
 

D19S433

D19S902
RH70710 (STS marker in PUMA)
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Figure 2, (A). Ideogram of human chromosome 19. Three chromosome 19 markers, D19S902, D19S433 and 
RH70710, and the location of PUMA structural gene were indicated. The distance between D19S902 and D19S433 is 20 
centiMorgan. RH70710, a STS marker in the 3’ untranslated region of the exon 4 of PUMA gene, is 600 kb centromeric to 
D19S902. (B). The structural gene of Human PUMA. Size of each exon and locations of primers used in PCR are as 
indicated.  
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Figure 3. Successful amplification of exons 2, 3 and 4 of PUMA gene from genomic DNA isolated from both 
control and PCa patients. (A). amplification of exon 2 from 4 control samples and 4 PCa patients. (B). amplification of 
exon 3 from 4 control samples and 14 PCa patients. (C). amplification of exon 4 from 4 control samples and 12 PCa 
patients.  W, water only; C, DNA isolated from control clinical sample; C1 to C4, DNA isolated from 4 independent control 
prostates; and P1 to P14, 14 independent DNA samples isolated from prostate tumors.  
 
Conclusions 
Loss of PUMA either by mutations or allelic imbalance could play a key role in cancer cell invasion 
and metastasis and develop into more of an “anti-apoptosis genotype” as aggressiveness and 
metastasis progress. Our idea of investigating mutations of PUMA in 19q13-associated PCa patients 
and likelihood of PUMA functioning as a tumor suppressor gene is innovative. Recently, we showed 
that PUMA overexpression induces ROS generation and proteasome-mediated stathmin degradation 
in colorectal cancer cells (6), again, demonstrating the importance of PUMA in cancer apoptosis. Our 
findings in this project may offer potential groundbreaking concepts and therapeutic strategies in 
prostate cancer.  
To investigate whether or not the PUMA gene is mutated in 19q13-associated PCa patients, we have 
been collaborating with Drs. Dan Schaid and Stephen Thibodeau at Mayo Clinic, Rochester, MN, for 
conducting mutation analysis on de-identified DNA samples isolated from the PCa patients that 
showed familial association between chromosome 19q13 and PCa. We also have been collaborating 
with Dr. Jeffrey Griffith, Professor and Chair, Department of Biochemistry and Molecular Biology, 
University of New Mexico School of Medicine, who has DNA samples from ~100 archival prostate 
tumors, 160 benign prostate biopsies, 312 malignant prostate biopsies and 377 specimens of 
matched tissues from prostatectomy. We have started surveying the PUMA gene for mutations using 
RT-PCR amplification, PCR amplification of genomic DNA and direct sequencing of amplified 
amplicons. We have successfully amplified the two third of the coding sequence of the PUMA cDNA 
by RT-PCR (Fig. 1). We also have successfully PCR amplified all three coding exons, exon 2, 3, 4, of 
PUMA gene from DNA isolated from both control and patient samples (Figure 3). Direct sequencing 
analysis confirmed that all PCR products of control DNA possess expected PUMA sequence. In 
addition, we conducted direct sequencing of amplified DNA samples of exons 3 and 4 from the 
clinical samples of 14 PCa patients (Figure 3 B and C). So far, we did not find mutations in those two 
exons of PCa patients (data not shown). We will sequence the exon 2 amplicons of the 14 PCa 
patients and will amplify and sequence exons 2-4 of the other PCa DNA samples in the coming 
funding period. 

If any point mutations or small deletions in PUMA coding exons are found, functional 
consequences of the mutant alleles will be conducted. Previously, we have constructed adenovirus 
(AD) harboring full-length wt PUMA cDNA (AD-PUMA) and shown that overexpression of PUMA by 
AD-PUMA induces marked BAX- and mitochondria-mediated apoptosis in colorectal cancer cells, 
DLD-1, whereas, AD-PUMA possessing a BH3 domain deletion (AD-PUMA-dBH3) completely 
abolishes its activity to induce apoptosis (6). Using the same approach, we will construct PUMA 
mutant alleles in AD and conduct apoptosis assay in DLD-1 cells. Pathological loss-of-function 
mutations of PUMA cDNA should not induce apoptosis. In contrast, PUMA polymorphic alleles, like wt 
PUMA, should be able to induce apoptosis. Using the same approach, we will construct PUMA 
mutant alleles in AD and conduct apoptosis assay in DLD-1 cells. Pathological loss-of-function 
mutations of PUMA cDNA should not induce apoptosis. In contrast, PUMA polymorphic alleles, like wt 
PUMA, should be able to induce apoptosis.  
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Appendices 

Letter of support and sample information from the new collaborator, Dr. Stephen Thibodeau, 
professor and Co-director, Molecular genetics laboratory, Vice Chair for research, Department of 
laboratory medicine and Pathology, Mayo Clinic, Rochester, MN 
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induces ROS generation and proteosome-mediated stathmin degradation in colorectal cancer cells. 
Cancer Res. 65:1647-1654. 
2. Fu XS, Hu C.-A. A, Chen J, Wang J, Liu, KJR (2006) Cancer genomics, proteomics and 
clinical applications. In “Genomics Signal processing and Statistics.” 
 



PC040298 Annual Report    “Mutations in PUMA gene cause prostate cancer development and aggressiveness” P.I., Chien-an A. HU 

 - 8 - 



PC040298 Annual Report    “Mutations in PUMA gene cause prostate cancer development and aggressiveness” P.I., Chien-an A. HU 

 - 9 - 

 



PC040298 Annual Report    “Mutations in PUMA gene cause prostate cancer development and aggressiveness” P.I., Chien-an A. HU 

 - 10 - 



PC040298 Annual Report    “Mutations in PUMA gene cause prostate cancer development and aggressiveness” P.I., Chien-an A. HU 

 - 11 - 

 


