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Cassoni, P., A. Sapino, et al. (2002). "Oxytocin Is a Growth Factor for Kaposi's Sarcoma Cells: Evidence 
of Endocrine-Immunological Cross-Talk." Cancer Res. 62(8): 2406-2413. 
 http://cancerres.aacrjournals.org/cgi/content/abstract/62/8/2406  

 Oxytocin receptors (OTRs) are expressed in numerous tissues, including human normal 
endothelium. Here we investigated the expression and biological significance of OTRs in Kaposi's 
sarcoma (KS), an intensely angioproliferative disease of possible vascular origin with a prominent 
inflammatory component. Immunohistochemistry and in situ hybridization studies showed OTR 
expression in tumor cells of cutaneous classic and AIDS-related KS lesions. OTR mRNA and 
protein were also detected on cultured KS-IMM spindle cells by reverse transcription-PCR and 
immunofluorescence procedures. In these cells, OTR expression was up-regulated by the 
supernatants of resting CD4+ and CD8+ lymphocytes through a still unidentified factor. 
Functionality of OTRs was demonstrated because OT treatment of KS-IMM cells led to a 
significant increase in cell proliferation, coupled to the increase of intracellular calcium, but did not 
effect cell migration in vitro or angiogenesis in vivo. In addition, we demonstrated that CD4+ and 
CD8+ cells produce OT themselves, thus constituting an intralesional source of peptide. These 
results indicate that: (a) functioning OTRs are expressed in KS cells and modulated by the 
inflammatory counterpart of KS lesions; (b) via OTRs, OT stimulates KS-IMM cell proliferation 
and could, therefore, be considered a new possible relevant growth factor involved in KS 
progression; and finally (c) the evidence of OT synthesis by CD4+ and CD8+ lymphocytes 
strongly suggests the existence of local endocrine-immunological cross-talk in Kaposi's sarcoma. 

 

Kohonen-Corish, M. R. J., J. J. Daniel, et al. (2002). "Susceptibility of Msh2-deficient Mice to 
Inflammation-associated Colorectal Tumors." Cancer Res. 62(7): 2092-2097. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/62/7/2092  

 Patients with longstanding extensive ulcerative colitis have an increased risk of developing 
colorectal cancer (CRC). There are significant differences in the early pathogenesis of colitis-
associated tumors compared with common CRC, whereas the frequency, degree, and 
significance of microsatellite instability (MSI) as a marker of mismatch repair deficiency in colitis 
tumors remain unclear. Here we describe the application of the DSS model of chronic colitis to 
mice with a defect in the Msh2 mismatch repair gene to discern these early events. These mice 
do not develop CRC spontaneously without an external trigger. The aim of this study was to 
determine the effect of the Msh2 defect on the frequency and grade of colitis-associated 
colorectal dysplasia and adenocarcinoma in Msh2-/-, Msh2+/-, and wild-type (Msh2+/+) mice and 
on the MSI status of the tumors. We show that in mice with chronic colitis, 60% of the Msh2-/- 
and 29% of the wild-type mice developed high-grade dysplasia or adenocarcinoma, but 
heterozygosity for the Msh2 defect did not increase tumor susceptibility over wild-type genotype. 



The largest difference between genotypes was in the frequency of high-grade dysplasia, with 
46.7, 8, and 12.5% in Msh2-/-, Msh2+/-, and Msh2+/+ mice, respectively. The Msh2-/- mice 
developed MSI-high tumors, whereas the majority of the Msh2+/- and wild-type tumors had no 
MSI. In the Msh2-/- mice, MSI appeared early in non-neoplastic colon tissue, presumably as a 
result of markedly increased epithelial cell proliferation associated with inflammation. These 
observations suggest that a homozygous mismatch repair defect predisposes to tumors triggered 
by chronic inflammation but is not the only factor involved because tumors also developed in the 
wild-type mice. This model of colitis offers opportunities to characterize the different molecular 
pathways of carcinogenesis operating in chronic colitis. 

 

Kuroki, T., F. Trapasso, et al. (2002). "Genetic Alterations of the Tumor Suppressor Gene WWOX in 
Esophageal Squamous Cell Carcinoma." Cancer Res. 62(8): 2258-2260. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/62/8/2258  

 The WWOX (WW domain containing oxidoreductase) gene was recentlyidentified as a candidate 
tumor suppressor gene at 16q23.3-24.1, a chromosome region that spans the common fragile 
site FRA16D. To evaluate the potential role of the WWOX gene in esophageal squamous cell 
carcinomas, we examined 36 tumors for genetic alterations of the WWOX gene. Loss of 
heterozygosity (LOH) at the WWOX locus was observed in 14 (39%) tumors. A tumor-specific 
missense mutation was found in one tumor, and LOH analysis had shown that the other allele 
was missing. Furthermore, we detected aberrant WWOX gene transcripts with absence of exons 
6-8 in two tumors, and complete absence of transcript in one tumor. These results indicate that 
alteration and inactivation of the WWOX gene may play a role in esophageal squamous cell 
carcinogenesis. 

 

Lott, S. T., D. S. Chandler, et al. (2002). "High Frequency Loss of Heterozygosity in von Hippel-Lindau 
(VHL)-associated and Sporadic Pancreatic Islet Cell Tumors: Evidence for a Stepwise 
Mechanism for Malignant Conversion in VHL Tumorigenesis." Cancer Res. 62(7): 1952-1955. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/62/7/1952  

 Germ-line mutation of the von Hippel-Lindau (VHL) gene predisposes to the development of 
multifocal, benign lesions, including retinal and central nervous system hemangioblastomas, 
pheochromocytomas, and renal and pancreatic cysts. Progression to malignancy in VHL disease 
is associated primarily with the development of renal cell carcinoma (RCC) and pancreatic islet 
cell tumors (PICT). Although many reports have documented the multiple functions of the VHL 
protein, few have investigated the intriguing question related to the tissue-specificity of malignant 
conversion in VHL disease, a problem not easily explained by strict genotype-phenotype 
correlations. We investigated a novel VHL kindred with a preponderance of PICTs to determine 
whether loss of additional genetic loci associated with the sporadic forms of RCC and PICTs 
might play a role in malignant conversion in this disease. We report the high frequency loss of 
heterozygosity (LOH) of genetic loci distinct from and mapping proximal to VHL within human 
chromosome 3p in the VHL kindred under study. Furthermore, chromosome 3p LOH occurs 
subsequent to VHL mutation and cyst formation, and correlates with malignant progression in 
VHL-associated PICTs. High frequency LOH was also observed in sporadic PICTs in regions of 
3p associated with LOH in sporadic clear cell RCC as well as homozygous deletion in lung 
cancer. A stepwise model for malignant conversion in VHL disease is herein proposed. 

 



Skotheim, R. I., O. Monni, et al. (2002). "New Insights into Testicular Germ Cell Tumorigenesis from 
Gene Expression Profiling." Cancer Res. 62(8): 2359-2364. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/62/8/2359  

 We have shown recently that about half of the human TGCTs3 reveal DNA copy number 
increases affecting two distinct regions on chromosome arm 17q. To identify potential target 
genes with elevated expressions attributable to the extra copies, we constructed a cDNA 
microarray containing 636 genes and expressed sequence tags from chromosome 17. The 
expression patterns of 14 TGCTs, 1 carcinoma in situ, and 3 normal testis samples were 
examined, all with known chromosome 17 copy numbers. The growth factor receptor-bound 
protein 7 (GRB7) and junction plakoglobin (JUP) were the two most highly overexpressed genes 
in the TGCTs. GRB7 is tightly linked to ERBB2 and is coamplified and coexpressed with this 
gene in several cancer types. Interestingly, the expression levels of ERBB2 were not elevated in 
the TGCTs, suggesting that GRB7 might be the target for the increased DNA copy number in 
TGCTs. Because of the limited knowledge of altered gene expression in the development of 
TGCTs, we also examined the expression levels of 512 additional genes located throughout the 
genome. Several genes novel to testicular tumorigenesis were consistently up- or down-
regulated, including POV1, MYCL1, MYBL2, MXI1, and DNMT2. Additionally, overexpression of 
the proto-oncogenes CCND2 and MYCN were confirmed from the literature. The overexpressions 
were for some of the target genes closely associated to either seminoma or nonseminoma 
TGCTs, and hierarchical cluster analysis of the gene expression data effectively distinguished 
among the known histological subtypes. In summary, this focused functional genomic 
characterization of TGCTs has lead to the identification of new gene targets associated with a 
common genomic rearrangement as well as other genes with potential importance to testicular 
tumorigenesis. 

 

Suzuki, K., T. Dai, et al. (2002). "Low Mutation Incidence in Polymorphic Noncoding Short 
Mononucleotide Repeats in Gastrointestinal Cancer of the Microsatellite Mutator Phenotype 
Pathway." Cancer Res. 62(7): 1961-1965. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/62/7/1961  

 Frameshifts in short mononucleotide tracts (SMT) in genes, such as TGF{beta}RII and BAX, are 
common in gastrointestinal tumors of the microsatellite mutator phenotype (MMP). The 
significance of less common mutations has been recently challenged because frequencies as 
high as 50% were reported in some noncoding SMTs in MMP colon cancer cell lines (L. Zhang, et 
al., Cancer Res., 61: 3801-3805, 2001). We did not confirm these findings after examining >50 
MMP gastrointestinal cancers for mutations in eight SMT loci with the highest reported 
frequencies. In three of these loci, no clonal mutations were detected, and they were infrequent 
(2.9-6.7%) in the other five. Length polymorphisms are frequent (25.7-43.9%) in one-half of these 
SMTs, suggesting an explanation for the discrepancy. Because of the peculiar features of MMP 
tumors, low prevalence of mutations in cancer genes may not be a disqualifying criterion for their 
functionality. 

 

Bartolome, R. A., B. G. Galvez, et al. (2004). "Stromal Cell-Derived Factor-1{alpha} Promotes Melanoma 
Cell Invasion across Basement Membranes Involving Stimulation of Membrane-Type 1 Matrix 
Metalloproteinase and Rho GTPase Activities." Cancer Res. 64(7): 2534-2543. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/64/7/2534  



 Tissue invasion by tumor cells involves their migration across basement membranes through 
activation of extracellular matrix degradation and cell motility mechanisms. Chemokines binding 
to their receptors provide chemotactic cues guiding cells to specific tissues and organs; they 
therefore could potentially participate in tumor cell dissemination. Melanoma cells express 
CXCR4, the receptor for the chemokine stromal cell-derived factor-1{alpha} (SDF-1{alpha}). 
Using Matrigel as a model, we show that SDF-1{alpha} promotes invasion of melanoma cells 
across basement membranes. Stimulation of membrane-type 1 matrix metalloproteinase (MT1-
MMP) activity by SDF-1{alpha} was necessary for invasion, involving at least up-regulation in the 
expression of this metalloproteinase, as detected in the highly metastatic BLM melanoma cell 
line. Moreover, SDF-1{alpha} triggered the activation of the GTPases RhoA, Rac1, and Cdc42 on 
BLM cells, and expression of dominant-negative forms of RhoA and Rac1, but not Cdc42, 
substantially impaired the invasion of transfectants in response to SDF-1{alpha}, as well as the 
increase in MT1-MMP expression. Furthermore, CXCR4 expression on melanoma cells was 
notably augmented by transforming growth factor-{beta}1, a Matrigel component, whereas anti-
transforming growth factor-{beta} antibodies inhibited increases in CXCR4 expression and 
melanoma cell invasion toward SDF-1{alpha}. The identification of SDF-1{alpha} as a potential 
stimulatory molecule for MT1-MMP as well as for RhoA and Rac1 activities during melanoma cell 
invasion, associated with an up-regulation in CXCR4 expression by interaction with basement 
membrane factors, could contribute to better knowledge of mechanisms stimulating melanoma 
cell dissemination. 

 

Jia, L., C. S. Y. Choong, et al. (2004). "Androgen Receptor Signaling: Mechanism of Interleukin-6 
Inhibition." Cancer Res. 64(7): 2619-2626. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/64/7/2619  

 Nonsteroidal signaling via the androgen receptor (AR) plays an im-portant role in hormone-
refractory prostate cancer. Previously, we have reported that the pleiotropic cytokine, interleukin 
(IL)-6, inhibited dihydrotestosterone-mediated expression of prostate-specific antigen in LNCaP 
cells (Jia et al., Mol Can Res 2003;1:385-92). In the present study, we explored the mechanisms 
involved in this inhibition and considered possible effects on AR nuclear translocation, recruitment 
of transcription cofactors, and the signaling pathways that may mediate this inhibitory effect. IL-6 
neither induced nuclear localization of the AR nor inhibited dihydrotestosterone-induced nuclear 
translocation of the receptor. IL-6 did not affect AR or p160 coactivator recruitment to the 
transcription initiation complex on the prostate-specific antigen enhancer and promoter. 
Moreover, it did not lead to the recruitment of the corepressor silencing mediator of retinoic acid 
and thyroid hormone receptor (SMRT) or histone deacetylase 1 (HDAC1) at the same sites. IL-6 
did, however, prevent the recruitment of the secondary coactivator, p300, to the complex and 
partially inhibited histone H3 acetylation at the same loci. Furthermore, inhibition by IL-6 was not 
mediated by the mitogen-activated protein kinase or the Akt pathways and was partially 
abrogated by signal transducers and activators of transcription-3 knock-down using small 
interfering RNA. Our results show that IL-6 modulates androgen action through the differential 
recruitment of cofactors to target genes. These findings may account for the pleiotropic actions of 
IL-6 in malignant prostate cells. 

 

Furuya, M., H. Kato, et al. (2005). "Down-regulation of CD9 in Human Ovarian Carcinoma Cell Might 
Contribute to Peritoneal Dissemination: Morphologic Alteration and Reduced Expression of 
{beta}1 Integrin Subsets." Cancer Res. 65(7): 2617-2625. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/65/7/2617  

 Peritoneal dissemination is one of the main causes of death in cancer patients. Pathophysiology 



of metastasis has been well investigated, but the mechanism of diffuse spread of tumor colonies 
in the peritoneal cavity is not fully understood. CD9 is a member of tetraspanin and its down-
regulation is known to be involved in poor prognosis. To investigate the significance of the down-
regulation of CD9, HTOA, an ovarian carcinoma cell line that highly expressed CD9, was 
transiently transfected with small interfering RNA (siRNA) against CD9, and CD9-negative cells 
(HTOACD9-) were purified. HTOACD9- showed altered adhesion patterns on Matrigel, collagen, 
fibronectin, and laminin compared with those of control siRNA-transfected HTOA (control-HTOA). 
Flow cytometry and fluorescence cytostainings revealed that the expression levels of integrins 
{beta}1, {alpha}2, {alpha}3{beta}1, {alpha}5, and {alpha}6 were lower in HTOACD9- than those of 
control-HTOA. HTOACD9- showed altered expression of junctional and cytoskeletal molecules. 
By time-lapse video microscopy, control-HTOA showed solid adhesion to extracellular matrix and 
formed cobblestone pattern, whereas HTOACD9- showed weaker adhesion and were distributed 
as diffuse spots. To examine whether the expression level of CD9 change during tumor 
dissemination, HTOA-P, a highly disseminative subclone of HTOA, was established. HTOA-P 
showed distinctive down-regulation of CD9 at mRNA and protein levels, and showed similar 
morphologic alteration as HTOACD9- did. These findings indicate that the down-regulation of 
CD9 may be an acquired event in the process of tumor dissemination. Down-regulated CD9 may 
attenuate the expression of several integrins and rearrange junctional and cytoskeletal molecules 
that might contribute to dissemination of ovarian carcinomas. 

 

Kumakura, S.-i., T. W. Tsutsui, et al. (2005). "Reversible Conversion of Immortal Human Cells from 
Telomerase-Positive to Telomerase-Negative Cells." Cancer Res. 65(7): 2778-2786. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/65/7/2778  

 Immortal cell lines and tumors maintain their telomeres via the telomerase pathway or via a 
telomerase-independent pathway, referred to as alternative lengthening of telomeres (ALT). Here, 
we show the reversible conversion of the human papillomavirus type 16 E6-induced immortal 
human fibroblasts E6 Cl 6 from telomerase-positive (Tel+) to telomerase-negative (Tel-) cells. 
Tel+ cells converted spontaneously to Tel- cells that reverted to Tel+ cells following treatment 
with trichostatin A (TSA) and/or 5-aza-2'-deoxycytidine (5-AZC), which induced the reversion from 
complete to partial methylation of the CpG islands of the human telomerase reverse transcriptase 
(hTERT) promoter in Tel- E6 Cl 6 cells. Tel- E6 Cl 6 cells lacked the phenotypes characteristic of 
ALT cell lines such as very long and heterogenous telomeres and ALT-associated promyelocytic 
leukemia nuclear bodies (APB) but grew for >240 population doublings (PD) after they became 
telomerase negative. The ratios of histone H3 (H3) lysine (K) 9 methylation to each of H3-K4 
methylation, H3-K9 acetylation, and H3-K14 acetylation of the chromatin containing the hTERT 
promoter in Tel- E6 Cl 6 cells and ALT cell lines were greater than those in Tel+ cells and 
decreased following treatment with TSA and/or 5-AZC, inversely corresponding to telomerase 
activity. Our findings suggest the possibility that human tumors may be able to reversibly 
interconvert their telomere maintenance phenotypes by chromatin structure-mediated regulation 
of hTERT expression. 

 

Amend, K. L., J. T. Elder, et al. (2004). "EGF Gene Polymorphism and the Risk of Incident Primary 
Melanoma." Cancer Res. 64(8): 2668-2672. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/64/8/2668  

 Overexpression of the epidermal growth factor (EGF) pathway has been implicated in melanoma 
pathogenesis, and a recent case-control study identified a single nucleotide polymorphism (G to 
A) in the EGF gene where the G allele was associated with increased EGF expression and an 
increased risk of melanoma. To further evaluate this association, we conducted a case-control 



analysis from the Genes, Environment, and Melanoma study at the University of Michigan site 
using two different study designs. Incident cases of histopathologically confirmed first primary 
melanoma that were diagnosed between January 1, 2000 and December 31, 2000 from the 
University of Michigan Melanoma Clinic (n = 330) were compared with the following two different 
sources of nonmelanoma controls: spouse/friend controls (n = 84) and healthy volunteer controls 
from a case-control study of psoriasis (n = 148). Using a second analytic design, comparisons 
between multiple primary melanoma cases (n = 62) and single primary melanoma cases (n = 
330) were also evaluated to estimate odds ratios (ORs). Genotyping for the single nucleotide 
substitution (G to A) at position 61 in the 5' untranslated region of the EGF gene was performed 
from genomic DNA, and epidemiological risk factors were assessed through a telephone 
interview. When EGF genotypes were compared between incident primary melanoma cases and 
the nonmelanoma controls, the risk associated with the homozygous G/G genotype was not 
statistically significantly associated with an increased risk for incident primary melanoma 
compared with the homozygous A/A genotype [OR, 1.09; 95% confidence interval (CI); 0.65-
1.85]. No strong associations with EGF G/G genotype were observed in comparisons of multiple 
primary and single primary melanoma cases (OR, 0.66; 95% CI; 0.25-1.73). Case subjects with 
tumors [IMG]=" BORDER="0">3.5 mm compared with those <3.5 mm were not significantly 
associated with the G/G genotype (OR, 0.54; 95% CI; 0.12-2.35). Our data do not support a 
significant association between melanoma and the EGF 61*G allele or the homozygous G/G 
genotype. The EGF polymorphism is not a reproducible risk factor for melanoma or thick 
melanoma in our data. The two analytic approaches used in the study provide evidence against a 
strong association between EGF 61*G and melanoma and demonstrate the potential utility of 
case-case designs for evaluating the role of single nucleotide polymorphisms and cancer. 
Additional independent studies will be required to elucidate relationships between genetic 
variation in the EGF gene and risk of melanoma. 

 

Lu, B., Y. Mu, et al. (2004). "Survivin As a Therapeutic Target for Radiation Sensitization in Lung Cancer." 
Cancer Res. 64(8): 2840-2845. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/64/8/2840  

 Expression of survivin is elevated in most malignancies, especially in radiation-resistant cell lines. 
In this study, we investigated how radiation affects survivin expression in primary endothelial cells 
as well as in malignant cell lines. We found that 3 Gy significantly reduced survivin protein level in 
human umbilical vein endothelial cells (HUVECs) but not in tumor cell lines. Flow cytometry 
studies suggest that the down-regulation of survivin is independent of cell cycle. In addition, 
survivin mRNA level was also down-regulatable by irradiation. However, it was abrogated by 
actinomycin D-mediated inhibition of gene transcription. Luciferase reporter gene assays suggest 
that irradiation suppressed the survivin promoter. p53 overexpression reduced survivin 
expression, but overexpression of a p53 mutant failed to abolish the radiation-induced down-
regulation in HUVECs. Alteration of p53 status in Val138 lung cancer cell line also failed to 
restore the radiation-inducible down-regulation. Overexpression of survivin in 293 cells prevented 
apoptosis induced by irradiation and increased cell viability after irradiation. The inhibition of 
survivin using antisense oligonucleotides caused a significant decrease in cell viability of 
irradiated H460 lung cancer cells. These data suggest that radiation transcriptionally down-
regulates survivin in HUVECs. This regulatory mechanism is defective in malignancies and is not 
mediated by p53. Survivin overexpression may lead to resistance to radiotherapy by inhibiting 
apoptosis and enhancing cell viability. The inhibition of survivin results in sensitization of H460 
lung cancer cells to radiation. These studies suggest that survivin may be a target for cancer 
therapy. 

 

Tai, Y.-T., L. P. Catley, et al. (2004). "Mechanisms by which SGN-40, a Humanized Anti-CD40 Antibody, 



Induces Cytotoxicity in Human Multiple Myeloma Cells: Clinical Implications." Cancer Res. 64(8): 
2846-2852. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/64/8/2846  

 CD40 is expressed on B-cell malignancies, including human multiple myeloma (MM) and a 
variety of carcinomas. We examined the potential therapeutic utility of SGN-40, the humanized 
anti-CD40 monoclonal antibody, for treating human MM using MM cell lines and patient MM cells 
(CD138++, CD40+). SGN-40 (0.01-100 {micro}g/ml) induces modest cytotoxicity in MM cell lines 
and patient MM cells. In the presence of de novo protein synthesis inhibitor cycloheximide, SGN-
40 significantly induced apoptosis in Dexamethasone (Dex)-sensitive MM.1S and Dex-resistant 
MM.1R cells and in patient MM cells. SGN-40-mediated cytotoxicity is associated with up-
regulation of cytotoxic ligands of the tumor necrosis factor family (Fas/FasL, tumor necrosis 
factor-related apoptosis-inducing ligand, and tumor necrosis factor {alpha}). SGN-40 treatment 
also induces a down-regulation of CD40 dependent on an endocytic pathway. Consequently, 
pretreatment of MM cells with SGN-40 blocked sCD40L-mediated phosphatidylinositol 3'-
kinase/AKT and nuclear factor {kappa}B activation. Importantly, pretreatment of MM.1S and 
MM.1R cells with SGN-40 inhibited proliferation triggered by interleukin 6 (IL-6) but not by insulin-
like growth factor-I. In addition, SGN-40 pretreatment of MM.1S cells blocked the ability of IL-6 to 
protect against Dex-induced inhibition of DNA synthesis. This was associated with a 2-4-fold 
reduction of IL-6 receptor at protein and mRNA levels in SGN-40-treated MM.1S cells and patient 
MM cells. Taken together, these results provide the preclinical rationale for the evaluation of 
SGN-40 as a potential new therapy to improve patient outcome in MM. 

 

Kimchi, E. T., M. C. Posner, et al. (2005). "Progression of Barrett's Metaplasia to Adenocarcinoma Is 
Associated with the Suppression of the Transcriptional Programs of Epidermal Differentiation." 
Cancer Res. 65(8): 3146-3154. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/65/8/3146  

 We did expressional profiling on 24 paired samples of normal esophageal epithelium, Barrett's 
metaplasia, and esophageal adenocarcinomas. Matching tissue samples representing the three 
different histologic types were obtained from each patient undergoing esophagectomy for 
adenocarcinoma. Our analysis compared the molecular changes accompanying the 
transformation of normal squamous epithelium with Barrett's esophagus and adenocarcinoma in 
individual patients rather than in a random cohort. We tested the hypothesis that expressional 
profiling may reveal gene sets that can be used as molecular markers of progression from normal 
esophageal epithelium to Barrett's esophagus and adenocarcinoma. Expressional profiling was 
done using U133A GeneChip (Affymetrix), which represent approximately two thirds of the human 
genome. The final selection of 214 genes permitted the discrimination of differential gene 
expression of normal esophageal squamous epithelium, Barrett's esophagus, and 
adenocarcinoma using two-dimensional hierarchical clustering of selected genes. These data 
indicate that transformation of Barrett's esophagus to adenocarcinoma is associated with 
suppression of the genes involved in epidermal differentiation, including genes in 1q21 loci and 
corresponding to the epidermal differentiation complex. Correlation analysis of genes 
concordantly expressed in Barrett's esophagus and adenocarcinoma revealed 21 genes that 
represent potential genetic markers of disease progression and pharmacologic targets for 
treatment intervention. PCR analysis of genes selected based on DNA array experiments 
revealed that estimation of the ratios of GATA6 to SPRR3 allows discrimination among normal 
esophageal epithelium, Barrett's dysplasia, and adenocarcinoma. 

 

Khoo, S. K., K. Kahnoski, et al. (2003). "Inactivation of BHD in Sporadic Renal Tumors." Cancer Res. 



63(15): 4583-4587. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/63/15/4583  

 Studies of families with Birt-Hogg-Dube syndrome (BHD) have recently revealed protein-
truncating mutations in the BHD gene, leading to tumorigenesis of the skin and of different cell 
types of kidney. To additionally evaluate the role of BHD in kidney tumorigenesis, we studied 39 
sporadic renal tumors of different cell types: 7 renal oncocytomas, 9 chromophobe renal cell 
carcinomas (RCCs), 11 papillary RCCs, and 12 clear cell RCCs. We screened for BHD mutations 
and identified a novel somatic mutation in exon 13: c.1939_1966delinsT in a papillary RCC. We 
performed loss of heterozygosity (LOH) analysis on 28 matched normal/tumor sets, of which 10 
of 28 (36%) demonstrated LOH: 2 of 6 (33%) chromophobe RCCs, 5 of 6 (83%) papillary RCCs, 
3 of 12 (25%) clear cell RCCs, but 0 of 4 renal oncocytomas. BHD promoter methylation status 
was examined by a methylation-specific PCR assay of all of the tumors. Methylation was 
detected in 11 of 39 (28%) sporadic renal tumors: 2 of 7 (29%) renal oncocytomas, 1 of 9 (11%) 
chromophobe RCCs, 4 of 11 (36%) papillary RCCs, and 4 of 12 (33%) clear cell RCCs. Five 
tumors with methylation also exhibited LOH. Mutation and methylation were absent in 9 kidney 
cancer cell lines. Our results showed that somatic BHD mutations are rare in sporadic renal 
tumors. The alternatives, LOH and BHD promoter methylation, are the two possible inactivating 
mechanisms involved. In conclusion, unlike other hereditary kidney cancer-related genes (i.e., 
VHL and MET), which are cell type-specific, BHD is involved in the entire spectrum of histological 
types of renal tumors, suggesting its major role in kidney cancer tumorigenesis. 

 

McGlynn, K. A., K. Hunter, et al. (2003). "Susceptibility to Aflatoxin B1-related Primary Hepatocellular 
Carcinoma in Mice and Humans." Cancer Res. 63(15): 4594-4601. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/63/15/4594  

 The genetic basis of disease susceptibility can be studied by several means, including research 
on animal models and epidemiological investigations in humans. The two methods are 
infrequently used simultaneously, but their joint use may overcome the disadvantages of either 
method alone. We used both approaches in an attempt to understand the genetic basis of 
aflatoxin B1 (AFB1)-related susceptibility to hepatocellular carcinoma (HCC). Ingestion of AFB1 is 
a major risk factor for HCC in many areas of the world where HCC is common. Whether humans 
vary in their ability to detoxify the active intermediate metabolite of AFB1, AFB1-exo-8,9-epoxide, 
is not certain but may explain why all exposed individuals do not develop HCC. To determine 
whether human variability in detoxification may exist, in a study of 231 HCC cases and 256 
controls, we genotyped eleven loci in two families of AFB1 detoxification genes; the glutathione 
S-transferases (GSTs) and the epoxide hydrolases (EPHX). After adjustment for multiple 
comparisons, only one polymorphism in the epoxide hydrolase family 2 locus remained 
significantly associated with HCC (odds ratio = 2.06, 95% confidence interval = 1.13-3.12). To 
determine whether additional susceptibility loci exist, we developed a mouse model system to 
examine AFB1-induced HCC. Susceptibility of 7-day-old mice from two common inbred strains 
(C57BL/6J, DBA/2J) was assessed. DBA/2J animals were 3-fold more sensitive to AFB1-induced 
HCC and significantly more sensitive to AFB1 acute toxicity than were C57BL/6J animals. 
Analysis of the xenobiotic metabolizing genes in the two strains revealed single nucleotide 
polymorphisms in three genes, Gsta4, Gstt1, and Ephx1. Although the GSTT1 and EPHX1 loci 
did not appear to be related to HCC in the total population of the human study, a polymorphism in 
GSTA4 was significantly related to risk in the male subset. The mouse model also demonstrated 
that absent or compromised p53 was not necessary for the development of carcinogenesis. 
These results indicate that the comparison of results from human studies and the AFB1-
susceptible mouse model may provide new insights into hepatocarcinogenesis. 

 



Staflin, K., G. Honeth, et al. (2004). "Neural Progenitor Cell Lines Inhibit Rat Tumor Growth in Vivo." 
Cancer Res. 64(15): 5347-5354. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/64/15/5347  

 Current therapies for gliomas often fail to address their infiltrative nature. Conventional treatments 
leave behind small clusters of neoplastic cells, resulting in eventual tumor recurrence. In the 
present study, we have evaluated the antitumor activity of neural progenitor cells against gliomas 
when stereotactically injected into nucleus Caudatus of Fisher rats. We show that the rat neural 
progenitor cell lines HiB5 and ST14A, from embryonic hippocampus and striatum primordium, 
respectively, are able to prolong animal survival and, in 25% of the cases, completely inhibit the 
outgrowth of N29 glioma compared with control animals. Delayed tumor outgrowth was also seen 
when HiB5 cells were inoculated at the site of tumor growth 1 week after tumor inoculation or 
when a mixture of tumor cells and HiB5 cells were injected s.c. into Fisher rats. HiB5 cells were 
additionally coinoculated together with two alternative rat gliomas, N32 and N25. N32 was growth 
inhibited, but rats inoculated with N25 cells did not show a prolonged survival. To evaluate the 
possibility of the involvement of the immune system in the tumor outgrowth inhibition, we show 
that HiB5 cells do not evoke an immune response when injected into Fisher rats. Furthermore, 
the rat neural progenitor cells produce all transforming growth factor {beta} isotypes, which could 
explain the observed immunosuppressive nature of these cells. Hence, some neural progenitor 
cells have the ability to inhibit tumor outgrowth when implanted into rats. These results indicate 
the usefulness of neural stem cells as therapeutically effective cells for the treatment of 
intracranial tumors. 
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 Loss of function mutations in the fumarate hydratase (fumarase, FH) gene were recently 
identified as the cause for dominantly inherited uterine and cutaneous leiomyomas and renal cell 
cancer. To further evaluate the role of FH in tumorigenesis, we screened FH mutations from 
tumor types seen in hereditary leiomyomatosis and renal cell cancer mutation carriers--41 uterine 
and 10 cutaneous leiomyomas, 52 renal cell carcinomas, 53 sarcomas, 29 prostate carcinomas, 
and 15 lobular breast carcinomas. Few mutations were detected. Biallelic inactivation of FH was 
found in one uterine leiomyosarcoma, one cutaneous leiomyoma, and one soft tissue sarcoma. 
Whereas the two former lesions were shown to originate from a germ-line mutation, the soft 
tissue sarcoma is to our knowledge the first example of purely somatic inactivation of FH in 
tumors. 
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Arrays and a Novel Bioinformatics Platform dChipSNP." Cancer Res. 63(16): 4781-4785. 
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 Oligonucleotide arrays that detect single nucleotide polymorphisms were used to generate 
genome-wide loss of heterozygosity (LOH) maps from laser capture microdissected paraffin-
embedded samples using as little as 5 ng of DNA. The allele detection rate from such samples 
was comparable with that obtained with standard amounts of DNA prepared from frozen tissues. 



A novel informatics platform, dChipSNP, was used to automate the definition of statistically valid 
regions of LOH, assign LOH genotypes to prostate cancer samples, and organize by hierarchical 
clustering prostate cancers based on the pattern of LOH. This organizational strategy revealed 
apparently distinct genetic subsets of prostate cancer. 
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of Squamous Cell Carcinoma Cells." Cancer Res. 63(16): 4997-5004. 
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 Visinin-like protein-1 (VILIP-1) is a member of the neuronal EF-hand Ca2+-sensor protein family. 
VILIP-1 is expressed in the central nervous system where it plays a crucial role in regulating 
cAMP levels, cell signaling, and differentiation. Screening of mouse skin tumor cell lines for 
differentially expressed genes showed high-level VILIP-1 expression in less aggressive 
squamous cell carcinoma (SCC) and papilloma cell lines. Conversely, expression was markedly 
decreased or lost in invasive SCC and spindle cell carcinoma cell lines. In addition, 
immunohistochemistry of normal skin and primary tumors showed that VILIP-1 is expressed in 
basal cells of the normal intrafollicular epidermis as well as in basal cells of papillomas. The 
expression was decreased in low-grade SCCs and disappeared in most high-grade SCCs. When 
two high-grade carcinoma cell lines were transfected with VILIP1-cDNA, the VILIP-1 transfectants 
had significantly higher cAMP levels than the respective vector alone-transfected lines. VILIP-1-
transfected cells were less invasive (both in vivo and in vitro) than the control transfectants. 
Reduced invasiveness and elevation of cAMP levels were accompanied by decreased MMP-9, as 
well as decreased RhoA activity. These results indicate that VILIP-1 plays an important role in 
regulating tumor cell invasiveness and that its loss could aid in enhancing the advanced 
malignant phenotype. 

 

Yang, W., L. Bancroft, et al. (2003). "Targeted Inactivation of p27kip1 Is Sufficient for Large and Small 
Intestinal Tumorigenesis in the Mouse, Which Can Be Augmented by a Western-Style High-Risk 
Diet." Cancer Res. 63(16): 4990-4996. 
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 Mice with a targeted inactivation of both alleles of the cyclin-dependent kinase inhibitor p27kip1 
developed both small and large intestinal adenomas when fed a control AIN-76A diet. A Western-
style diet that is high in fat and phosphate and low in calcium and vitamin D was also able to 
initiate adenoma formation in wild-type mice. The combination of p27kip1 inactivation and the 
Western-style diet was additive in terms of tumor incidence, frequency and size, and in reducing 
the life span of the mice. The genetic and dietary combination also resulted in development of 
adenocarcinoma. Tumor formation was linked to a disruption in homeostasis of the intestinal 
mucosa, involving increased cell proliferation and decreased apoptosis. There was also 
decreased goblet cell differentiation as assessed by alcian blue staining and expression of the 
Muc2 gene, especially in mice fed the Western-style diet, although this differentiation lineage was 
still present as indicated by expression and staining for intestinal trefoil factor. The inactivation of 
p27kip1 and the consequent disruption of normal colonic cell maturation in the mucosa were 
associated with modestly elevated c-myc, cdk4, and cyclin D1 expression. These data establish a 
fundamental role for p27kip1 in maintenance of intestinal cell homeostasis and in suppressing 
tumor formation. The data also emphasize the critical role that dietary factors can have in both 
tumor initiation and progression through interaction with pathways that normally maintain 
intestinal homeostasis. 
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 High mobility group A (HMGA) proteins are chromatinic proteins that do not have transcriptional 
activity per se, however, by interacting with the transcription machinery, they regulate, negatively 
or positively, the expression of several genes. We searched for genes regulated by HMGA1 
proteins using microarray analysis in embryonic stem (ES) cells bearing one or two disrupted 
hmga1 alleles. We identified 87 transcripts increased and 163 transcripts decreased of at least 4-
fold in hmga1-/- ES cells. For some of them, a HMGA1-dose dependency was observed, because 
an intermediate level was observed in the heterozygous ES cells. When the expression analysis 
of these genes was extended to embryonic fibroblasts and adult tissues such as heart, spleen, 
and liver from hmga1-knockout mice, contrasting results were obtained. In fact, aside some 
genes showing the same HMGA1 regulation observed in ES cells, there were some genes that 
did not modify their expression, and others showing a HMGA1-mediated regulation but in an 
opposite direction. These results clearly indicate that HMGA1-mediated gene regulation depends 
on the cellular context. Finally for a couple of analyzed HMGA1-regulated genes, electrophoretic 
mobility shift assay and chromatin immunoprecipitation revealed a direct binding of HMGA1 
proteins to their promoters, suggesting a HMGA1-direct regulation of their expression. 
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 Infection of the gastrointestinal tract by the human polyomavirus, JCV, which has been frequently 
detected in raw urban sewage, can occur via intake of contaminated water and food. In light of 
earlier reports on the tumorigenecity of JCV, we investigated the presence of the JCV genome 
and the expression of viral proteins in a collection of 27 well-characterized epithelial malignant 
tumors of the large intestine. Results from gene amplification revealed the presence of the viral 
early genome in 22 of 27 samples. Expression of the viral oncogenic early protein, T-antigen, and 
the late auxiliary protein, Agnoprotein, was observed in >50% of the samples. The absence of the 
viral capsid protein in the tumor cells excludes productive replication of the virus in neoplastic 
cells. Laser capture microdissection confirmed the presence of the JCV genome and expression 
of T-antigen in precancerous villous adenomas and regions of invasive adenocarcinoma. The 
ability of JCV T-antigen to interact with {beta}-catenin and the nuclear detection of {beta}-catenin 
in T-antigen-positive cells suggests dysregulation of the Wnt pathway in the tumor cells. The 
coproduction of T-antigen and {beta}-catenin in colon cancer cells enhanced transcription of the 
c-myc promoter, the downstream target of {beta}-catenin. These observations provide evidence 
for a possible association of JCV with colon cancer and suggest a novel regulatory role for T-
antigen in the deregulation of the Wnt signaling pathway through {beta}-catenin in tumors of the 
gastrointestinal tract. 
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 Urothelial carcinoma of the renal pelvis and ureter may develop sporadically or as a manifestation 
of hereditary nonpolyposis colorectal cancer. The majority of hereditary nonpolyposis colorectal 
cancer is caused by mutation of the human DNA mismatch repair (MMR) genes and is detected 
by associated microsatellite instability (MSI). Seventy-three unselected urothelial carcinomas of 
the ureter and/or renal pelvis were screened for MSI using the National Cancer Institute-
designated reference panel (plus BAT40). Instability of at least two microsatellite markers (MSI-
high) was detected in 15 samples (21%). Immunohistochemical staining of the MMR proteins 
(hMSH2, hMLH1, or hMSH6) was absent in 13 of 15 (87%) MSI tumors, and alteration of coding 
sequence microsatellites (TGF{beta}RII, Bax, hMSH3, and hMSH6) was found at frequencies of 
7-33% in these samples. Tumors with MSI had significantly different clinical and histopathological 
features including higher prevalence in female patients, low tumor stage and grade, and a 
papillary and frequently inverted growth pattern. Our results suggest a molecular pathway of 
tumorigenesis that is similar to MMR-deficient colorectal cancers and consistent with the notion 
that the site distributions of hereditary or sporadic MSI-high tumors may reflect tissue-specific 
susceptibility to lesions processed by the MMR machinery. 
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 Paired DNA samples of tumor and normal thyroid tissue from adult patients possibly exposed to 
radioactive Chernobyl fallout [11 cases of papillary thyroid carcinoma (PTC) and 6 follicular 
adenomas] and from control samples (9 PTC occurring in Japanese patients) were examined for 
the relative mitochondrial DNA (mtDNA) content, prevalence and level of common deletion (CD), 
and large-scale deletions in mtDNA. Elevated relative mtDNA content as estimated by real-time 
PCR was found in tumor tissue in most cases, but no significant correlation with the level of 
radioiodine contamination of patients' residency nor with clinicopathological data were found. CD 
was detected in every DNA specimen from all types of tissue regardless of the presence of 
oxyphillic cell changes. Elevated level of the CD was predominantly found in tumor tissue of the 
radiation-associated group but not in sporadic PTC. No correlation was noted with 
clinicopathological parameters, radioiodine contamination, and relative mtDNA content. The 
quantity of large-scale deletions in mtDNA was elevated in most tumor tissues, especially in the 
radiation-associated group and tended to correlate with the level of radiopollutant in PTC. In 
contrast to sporadic PTC, highly significant-positive correlation between the presence of large 
scale mtDNA deletions and relative mtDNA content was found in radiation-associated tumors (P 
= 0.001 and P = 0.019 in PTC and follicular adenoma, respectively). Normal tissue displayed the 
inverse tendency. No association with level of the CD was found in either group of cases. 
Concordant increase of both relative mtDNA content and number of mtDNA deletions was 
detected more often in radiation-associated PTC than in sporadic PTC. Thus, simultaneous 
determination of the number of large-scale mtDNA deletions and relative mtDNA content may be 
useful to elucidate molecular distinctive features of radiation-associated thyroid tumors. 
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 Allelic loss of chromosome region 3p21.3 occurs early and frequently in non-small-cell lung 
cancer, and numerous tumor suppressor genes at this locus may be targets of inactivation. Using 
an incident case series study of non-small-cell lung cancer, we sought to determine the 



prevalence of loss of heterozygosity (LOH) in the 3p21.3 region and to examine the associations 
between this alteration and patient outcome, exposure to tobacco smoke, occupational asbestos 
exposure, and additional molecular alterations in these tumors. We examined LOH at 7 
microsatellite markers in the chromosome 3p21.3 region, and LOH was present in at least one of 
the loci examined in 60% (156 of 258) of the tumors, with the prevalence of LOH at individual loci 
ranging from 15 to 56%. Occupational asbestos exposure and TP53 mutation were significantly 
associated with more extensive 3p21 LOH. In squamous cell carcinomas, measures of 
cumulative smoking dose were significantly lower in patients with LOH at 3p21, particularly in 
TP53 mutant tumors. Examining patient outcome, we found that in squamous cell carcinomas, 
having any LOH in this region was associated with a better overall survival (log-rank test, P < 
0.04). Together, these results indicate that allelic loss at 3p21 can affect patient outcome, and 
that this loss may initially be related to carcinogen exposure, but that extension of this loss is 
related to TP53 mutation status and occupational asbestos exposure. 
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 The identification of membrane-associated and secreted genes that are differentially expressed is 
a useful step in defining new targets for the diagnosis and treatment of cancer. Extracting 
information on the subcellular localization of genes represented on DNA microarrays is difficult 
and is limited by the incomplete sequence and annotation that is available in existing databases. 
Here we combine a biochemical and bioinformatic approach to identify membrane-associated and 
secreted genes expressed in the MCF-7 breast cancer cell line. Our approach is based on the 
analysis of differential hybridization levels of RNAs that have been physically separated by virtue 
of their association with polysomes on the endoplasmic reticulum. This approach is specifically 
applicable to oligonucleotide microarrays such as Affymetrix, which use single-color hybridization 
instead of dual-color competitive hybridizations. Assignment to membrane-associated and 
secreted class membership is based on both the differential hybridization levels and an 
expression threshold, which are calculated empirically from data collected on a reference set of 
known cytoplasmic and membrane proteins. This method enabled the identification of 755 
membrane-associated and secreted probe sets expressed in MCF-7 cells for which this 
annotation did not previously exist. The data were used to filter a previously reported expression 
dataset to identify membrane-associated and secreted genes which are associated with poor 
prognosis in breast cancer and represent potential targets for diagnosis and treatment. The 
approach reported here should provide a useful tool for the analysis of gene expression patterns, 
identifying membrane-associated or secreted genes with biological relevance that have the 
potential for clinical applications in diagnosis or treatment. 
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 To identify methylation-mediated silencing of genes in hepatocellular carcinoma (HCC), we 
surveyed genes induced by treatment with 5-aza-2'-deoxycytidine (5-Aza-CdR) in six human 
hepatoma cell lines using cDNA microarray analysis and determined the methylation status of 5' 
CpG islands by bisulfite DNA sequencing or methylation-specific PCR. Fifty genes exhibited a >5-
fold induction in response to treatment with 5-Aza-CdR in at least one of the hepatoma cell lines 
examined. Among these genes, the hepatocyte growth factor activator inhibitor 2/placental 



bikunin (HAI-2/PB) gene was maximally induced by 5-Aza-CdR in three of six cell lines studied 
(HLE, HuH7, and Hep3B). Bisulfite sequencing revealed that the 5' CpG island of this gene was 
densely methylated in HLE, HuH7, and Hep3B cells. After treatment with 5-Aza-CdR, re-
expression and demethylation of HAI-2/PB gene were detected in these cells. These findings 
suggest that HAI-2/PB expression may be inappropriately repressed by promoter 
hypermethylation in HCC. Methylation-specific PCR analysis demonstrated that HAI-2/PB 
hypermethylation occurred in 21 of 26 HCC tumors (80.8%), whereas in the corresponding 
nontumorous liver tissues, it was found in 7 of 26 samples (26.9%). In addition, HAI-2/PB 
hypermethylation was not detected in any of the seven normal liver samples from individuals 
without HCC. Reverse transcription-PCR analysis demonstrated that promoter hypermethylation 
was associated with the reduced expression of the HAI-2/PB gene in HCC tumors. In conclusion, 
we have found that the HAI-2/PB gene is silenced by promoter hypermethylation in human 
hepatoma cells by means of cDNA microarray analysis after 5-Aza-CdR treatment, and that HAI-
2/PB hypermethylation occurs frequently in primary HCC tumors. 
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 5-Fluorouracil (5-FU) is the most common chemotherapeutic agent used in the treatment of 
colorectal cancer, yet objective response rates are low. Recently, camptothecin (CPT) has 
emerged as an effective alternative therapy. Decisive means to determine treatment, based on 
the likelihood of response to each of these agents, could greatly enhance the management of this 
disease. Here, the ability of cDNA microarray-generated basal gene expression profiles to predict 
apoptotic response to 5-FU and CPT was determined in a panel of 30 colon carcinoma cell lines. 
Genes whose basal level of expression correlated significantly with 5-FU- and CPT-induced 
apoptosis were selected, and their predictive power was assessed using a "leave one out" 
jackknife cross-validation strategy. Selection of the 50 genes best correlated with 5-FU-induced 
apoptosis, but not 50 randomly selected genes, significantly predicted response to this agent. 
Importantly, this gene expression profiling approach predicted response more effectively than four 
previously established determinants of 5-FU response: thymidylate synthase and thymidine 
phosphorylase activity; and p53 and mismatch repair status. Furthermore, reanalysis of the 
database demonstrated that selection of the 149 genes best correlated with CPT-induced 
apoptosis maximally and significantly predicted response to this agent. These studies 
demonstrate that the basal gene expression profile of colon cancer cells can be used to predict 
and distinguish response to multiple chemotherapeutic agents and establish the potential of this 
methodology as a means by which rational decisions regarding choice of therapy can be 
approached. 
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 Androgen receptor (AR) signals play a decisive role in regulating the growth and differentiation of 
both normal and cancerous prostate cells by triggering the regulation of target genes, in a 
process in which AR cofactors have critical functions. Because of the highly prostate-specific 
expression pattern of HOXB13, we studied the role of this homeodomain protein in prostate cells. 
Expression of HOXB13 was limited to AR-expressing prostate cells. Reporter transcription assay 
demonstrated that HOXB13 significantly suppressed hormone-mediated AR activity in a dose-
responsive manner, and suppression was specific to AR with which HOXB13 physically interacts. 



Overexpression of HOXB13 further down-regulated the androgen-stimulated expression of 
prostate-specific antigen, and suppression of endogenous HOXB13 stimulated transactivation of 
AR. Functionally, HOXB13 suppressed growth of LNCaP prostate cancer cells, which could be 
counteracted by additional hormone-activated AR. On the other hand, the growth-suppressive 
function of HOXB13 in AR-negative CV-1 cells was not affected by AR. These results suggest 
that HOXB13 functions as an AR repressor to modulate the complex AR signaling and 
subsequent growth regulation of prostate cancer cells. In addition to the loss of HOXB13 
expression, maintaining AR may be an important step for prostate cancer cells to tolerate the 
suppressor function of HOXB13. Altogether, our data present a novel mechanism for the 
HOXB13-mediated repression of AR signaling, which can be interpreted to a growth-suppressive 
event. 
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 The two regulatory subunits (R1 and R2) of protein kinase A (PKA) are differentially expressed in 
cancer cell lines and exert diverse roles in growth control. Recently, mutations of the PKA 
regulatory subunit 1A gene (PRKAR1A) have been identified in patients with Carney complex. 
The aim of this study was to evaluate the expression of the PKA regulatory subunits R1A, R2A, 
and R2B in a series of 30 pituitary adenomas and the effects of subunit activation on cell 
proliferation. In these tumors, neither mutation of PRKAR1A nor loss of heterozygosity was 
identified. By real-time PCR, mRNA of the three subunits was detected in all of the tumors, R1A 
being the most represented in the majority of samples. By contrast, immunohistochemistry 
documented low or absent R1A levels in all tumors, whereas R2A and R2B were highly 
expressed, thus resulting in an unbalanced R1/R2 ratio. The low levels of R1A were, at least in 
part, due to proteasome-mediated degradation. The effect of the R1/R2 ratio on proliferation was 
assessed in GH3 cells, which showed a similar unbalanced pattern of R subunits expression, and 
in growth hormone-secreting adenomas. The R2-selective cAMP analog 8-Cl cAMP and R1A 
RNA silencing, stimulated cell proliferation and increased Cyclin D1 expression, respectively, in 
human and rat adenomatous somatotrophs. These data show that a low R1/R2 ratio promoted 
proliferation of transformed somatotrophs and are consistent with the Carney complex model in 
which R1A inactivating mutations further unbalance this ratio in favor of R2 subunits. These 
results suggest that low expression of R1A protein may favor cAMP-dependent proliferation of 
transformed somatotrophs. 
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 Hereditary nonpolyposis colorectal cancer (HNPCC) is an autosomal dominant genetic 
predisposition syndrome that accounts for 2-7% of all colorectal cancers. Diagnosis of HNPCC is 
based on family history (defined by Amsterdam or Bethesda Criteria), which often includes a 
history of multiple synchronous or metachronous cancers. The majority of HNPCC results from 
germ-line mutations in the DNA mismatch repair (MMR) genes hMSH2 and hMLH1 with rare 
alterations in hMSH6 and hPMS2 in atypical families. Both HNPCC and sporadic MMR-deficient 
tumors invariably display high microsatellite instability (MSI-H). Two types of HNPCC families can 
be distinguished: type I (Lynch I) with tumors exclusively located in the colon; and type II (Lynch 
II) with tumors found in the endometrium, stomach, ovary, and upper urinary tract in addition to 



the colon. A proposed association of breast cancer with type II HNPCC is controversial. To 
address this important clinical question, we examined MSI in a series of 27 female patients who 
presented with synchronous or metachronous breast plus colorectal cancer. Although MSI-H was 
found in 5 of 27 (18.5%) of the colon cancers, in all cases the matched breast cancer was 
microsatellite stable. We also examined the breast tumors from three women who were carriers 
of MMR gene mutations from HNPCC families. None of these three breast tumors displayed MSI 
nor was the expression of MMR proteins altered in these tumors. We conclude that breast cancer 
largely arises sporadically in HNPCC patients and is rarely associated with the HNPCC 
syndrome. 
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 Glycine N-methyltransferase (GNMT), a multifunctional protein involved in the maintenance of the 
genetic stability, is often down-regulated in hepatocellular carcinoma (HCC). Using genotypic 
characterization of GNMT in hepatoma cell lines and in a Taiwanese population with a high 
incidence of liver cancer we have investigated the role of this gene in the progression of liver 
cancer. Six novel polymorphisms, including two short tandem repeats, one 4-nucleotide 
insertion/deletion polymorphism, and three single nucleotide polymorphisms, in GNMT were 
identified in this study. The rates of loss of heterozygosity at the GNMT locus in pairs of normal 
and tumor tissue from the HCC patients were approximately 36-47%. In addition, the observed 
heterozygosity of GNMT decreases in tumor adjacent liver DNA from HCC patients compared 
with that observed in blood DNA from normal individuals and HCC patients. This may result from 
the early event of loss of heterozygosity within the GNMT gene in the liver tissues of HCC 
patients. However, in this study, we did not observe the association of polymorphic GNMTalleles 
as inherited risk factors for HCC. We also elucidated the functional impact of genetic markers in 
the GNMT promoter by performing luciferase reporter gene and gel mobility shift assays. The 
results indicate that two polymorphisms, short tandem repeat 1 and insertion/deletion 
polymorphism, in the promoter region could cause allelic specific effects on the transcriptional 
activity of GNMT. The risk genotypes of GNMT, which presumably have a lower expression level, 
as estimated from in vitro functional studies, are over-represented in tumor-adjacent tissues from 
HCC patients. In summary, our results suggest that GNMT alteration may be an early event in 
HCC development and that GNMT could be a new tumor susceptibility gene for HCC. 
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 Numerous investigations have shown that in primary breast adenocarcinomas DNA aneuploidy in 
contrast to DNA diploidy indicates high malignancy potential. On the basis of the study of 104 
breast carcinomas, we describe a subtype of aneuploidy, which demonstrates a low degree of 
malignancy. In image cytometric DNA histograms, this subtype possessed a low percentage 
([<=]8.8%) of nonmodal DNA values as measured by the stemline scatter index (SSI), which is 
defined as sum of the percentage of cells in the S-phase region, the G2 exceeding rate and the 
coefficient of variation of the tumor stemline. The cut point of SSI = 8.8% (P = 0.03) enabled us to 
also subdivide diploid and tetraploid tumors into clinically low and high malignant variants. One 
possible reason for aneuploidy is impaired distribution of chromosomes at mitosis caused by 
numerical or structural centrosome aberrations. Cyclins A and E seem to be involved in 
centrosome duplication. Real-time quantitative PCR measurements of cyclin A and E transcript 



levels and immunohistochemical determination of cyclin A protein expression showed statistically 
significantly increased values in the tumors with a high SSI (>8.8%), compared with those with a 
low SSI. A pilot study demonstrated centrosomal aberrations in an average of 9.6% of the 
measured cells in four aneuploid carcinomas with high SSI values and in an average of 2.5% of 
the cells in three aneuploid and three diploid tumors with low SSI. Our data indicate that the SSI, 
most likely reflecting the degree of genomic instability, allows additional classifying of the known 
aneuploid, diploid, and tetraploid categories of primary breast adenocarcinomas into low and high 
malignant subtypes. 
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 Both the integrin and insulin-like growth factor binding protein (IGFBP) families independently 
play important roles in modulating tumor cell growth and progression. We present evidence for a 
specific cell surface localization and a bimolecular interaction between the {alpha}v{beta}3 
integrin and IGFBP-2. The interaction, which could be specifically perturbed using vitronectin and 
{alpha}v{beta}3 blocking antibodies, was shown to modulate IGF-mediated cellular migration 
responses. Moreover, this interaction was observed in vivo and correlated with reduced tumor 
size of the human breast cancer cells, MCF-7{beta}3, which overexpressed the {alpha}v{beta}3 
integrin. Collectively, these results indicate that {alpha}v{beta}3 and IGFBP-2 act cooperatively in 
a negative regulatory manner to reduce tumor growth and the migratory potential of breast cancer 
cells. 
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 Activating mutations in ras oncogenes occur at high frequency in human malignancies and 
expression of activated ras in immortalized cells lines is generally transforming. However, 
somewhat paradoxically, ectopic expression of ras in some myeloid cell lines has been shown to 
induce growth suppression associated with up-regulation of the cyclin-dependent kinase inhibitor 
p21CIP1/WAF1 in a p16INK4a, p15INK4b, and p53 independent fashion. We have used cDNA 
array technology to compare the expression profile induced by activated N-ras (N-rasG13R) in 
growth-suppressed myeloid cells with that induced in myeloid cells, which are transformed by N-
rasG13R. The expression profile induced in growth suppressed cells was consistent with 
differentiation and included the up-regulation of the transcription factor IFN regulatory factor-1 
(IRF-1), a known transcriptional activator of p21CIP/WAF1 expression and a target of oncogenic 
mutations associated with myeloid leukemia. Antisense suppression of IRF-1 prevented N-
rasG13R-associated growth arrest and up-regulation of p21CIP1/WAF1. These results define a 
novel tumor suppressive response to oncogenic signaling and provide a mechanistic link between 
growth suppression and differentiation in myeloid cells. 
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 We expressed the full-length CD44v2-10 isoform in SKHep1 cells, a nonmetastatic human 
hepatocellular carcinoma cell line that does not express any endogenous CD44v isoforms.In 
SCID mice, expression of CD44v2-10 by SKHep1 cells had no effect on s.c. primary tumor 
development but caused pulmonary metastases in 41% (7 of 17) of animals compared with 
control SKHep1 cells (0 of 16; P < 0.01). CD44v2-10 expression by SKHep1 cells resulted in 
enhanced heparan sulfate (HS) attachment and an enhanced capacity to bind heparin-binding 
growth factors. Mutation of the v3 domain to prevent HS attachment and growth factor binding 
abolished the metastatic phenotype, demonstrating that HS modification of CD44v2-10 plays a 
critical role in the development of metastases in this model. However, in vitro proliferation, 
motility, and invasion were not altered by CD44v2-10 expression. 
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 WWOX (WW domain containing oxidoreductase), a putative tumor suppressor gene that mapsto 
the common fragile site FRA16D on chromosome 16q23.3-24.1, is altered in breast, esophageal, 
and ovarian cancer. Because the FRA3B/FHIT locus at 3p14.2 is a preferential target for genetic 
changes caused by tobacco smoke, we intended to evaluate the status of the FRA16D/WWOX 
gene in non-small cell lung cancer; we have analyzed 27 paired normal and tumor lung tissues 
and 8 lung cancer cell lines for WWOX alterations by reverse transcriptase-PCR, loss of 
heterozygosity, and mutation analysis. Transcripts missing WWOX exons were detected in 7 
primary tumors (7 of 27; 25.9%) and 5 of 8 cell lines. In addition, loss of heterozygosity at the 
WWOX locus was observed in 10 primary tumors (10 of 27; 37.0%). We conclude that WWOX 
alterations occur in a significant fraction of lung cancers and may contribute to the pathogenesis 
of non-small cell lung cancer. 
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Effects." Cancer Res. 65(4): 1459-1470. 
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 Identifying new effective therapeutic treatments for lung cancer is critical to improving overall 
patient survival. We have targeted both the estrogen receptor (ER) and the epidermal growth 
factor receptor (EGFR) pathways using an ER antagonist, fulvestrant ("Faslodex"), and the 
selective EGFR tyrosine kinase inhibitor, gefitinib ("Iressa"), in non-small cell lung cancer 
(NSCLC) cells. Rapid activation of phospho-EGFR and phospho-p44/p42 mitogen-activated 
protein kinase by estrogen was observed, indicating nonnuclear ER transactivation of EGFR. 
Additionally, EGFR protein expression was down-regulated in response to estrogen and up-
regulated in response to fulvestrant in vitro, suggesting that the EGFR pathway is activated when 
estrogen is depleted in NSCLC cells. Cell growth and apoptosis were examined in several 
NSCLC lines that express varying amounts of ER{beta}, EGFR, and Neu but no full-length 
ER{alpha}. One cell line contained an EGFR mutation. Cells were exposed to 10 nmol/L estrogen 
and 10 ng/mL EGF and either 1 {micro}mol/L fulvestrant or 1 {micro}mol/L gefitinib alone or in 
combination. In all cell lines, the drug combination decreased cell proliferation up to 90% and 
increased apoptosis 2-fold. The relative responses to gefitinib and fulvestrant were similar 
regardless of ER and EGFR expression and mutation status. In an in vivo lung tumor xenograft 



model, the drug combination decreased tumor volume in severe combined immunodeficient mice 
by [~]60% compared with 49% and 32% for gefitinib and fulvestrant treatment alone, respectively. 
Antitumor effects of the combination therapy were accompanied by biochemical and histologic 
evidence of increased apoptosis, decreased phospho-p44/p42 mitogen-activated protein kinase 
expression, and increased Ki-67 expression compared with individual treatment. These studies 
provide evidence of a functional interaction between the ER and the EGFR pathways in NSCLC. 
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 SEL1L, the human orthologue of the Caenorhabditis elegans sel-1 gene, is differentially 
expressed in breast primary tumors and in normal breast tissues. Analysis of a series of human 
primary breast carcinomas, using a monoclonal antibody raised against a SEL1L recombinant 
protein, revealed down-modulation or absence of SEL1L expression in about two-thirds of the 
tumors as compared with normal breast epithelial cells. Overall survival analysis of breast 
carcinoma patients indicated a statistically significant correlation between SEL1L down-
modulation and poor prognosis. MCF-7, human breast carcinoma cells, were transfected with a 
construct containing the entire SEL1L cDNA driven by an inducible promoter and showed a 
dramatic reduction in anchorage-dependent growth and colony formation in soft agar. Growth of 
the transfected cells in Matrigel, an extracellular matrix rich with laminin, restored colony-
formation ability. These results point to the role for SEL1L in breast tumor growth and 
aggressiveness, possibly involving cell-matrix interactions. 
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 This study was designed to investigate the expression and molecular signaling of 
cyclooxygenase-1 (COX-1) in cervical carcinomas. Real-time quantitative reverse transcription-
polymerase chain reaction and Western blot analysis confirmed enhanced expression of COX-1 
RNA, and protein in squamous cell carcinomas and adenocarcinoma of the cervix. COX-1 
expression in all carcinoma tissues was associated with enhanced expression of COX-2 RNA and 
protein. The site of COX-1 expression was localized by immunohistochemistry to the neoplastic 
epithelial cells in all squamous cell carcinomas and adenocarcinomas studied. Minimal COX-1 
immunoreactivity was detected in normal cervix. To explore events associated with COX-1 up-
regulation, we developed a doxycycline-regulated expression system in HeLa (cervical 
carcinoma) cells. Overexpression of COX-1 in HeLa cells resulted in induced expression of 
cyclooxygenase-2 (COX-2) and prostaglandin E synthase (PGES) concomitant with increased 
prostaglandin E2 (PGE2) synthesis. Treatment of HeLa cells overexpressing COX-1 with the dual 
COX enzyme inhibitor indomethacin or selective COX-2 inhibitor NS-398 significantly reduced 
PGE2 synthesis. Indomethacin, but not NS-398, treatment abolished the up-regulation of 
expression of COX-2 and PGES in HeLa cells, suggesting that the observed up-regulation of 
COX-2 and PGES was mediated by COX-1-enzyme products. To assess whether enhanced 
PGE2 synthesis after COX-1 induction would act in an autocrine/paracrine manner, we 
investigated the effect of COX-1 on the expression of the different isoforms of PGE2 receptors 
(EP1-EP4). We found that the cAMP-linked PGE2 receptors were significantly up-regulated by 
COX-1 overexpression coincident with enhanced cAMP responsiveness of these cells to 
exogenous PGE2 ligand. Finally, overexpression of COX-1 was associated with enhanced 



expression of the angiogenic factors basic fibroblast growth factor, vascular endothelial growth 
factor, angiopoietin-1, and angiopoietin-2. This up-regulation of angiogenic factor expression was 
abolished by indomethacin and partially reduced by NS-398. These data indicate that COX-1 up-
regulation modulates the expression of factors that may act in an autocrine/paracrine manner to 
enhance and sustain tumorigenesis in neoplastic cervical epithelial cells. It is likely that similar 
mechanisms may act in vivo to modulate tumorigenesis of cervical carcinomas. 
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 To identify novel tumor suppressor genes involved in ovarian carcinogenesis, we generated four 
down-regulated suppression subtraction cDNA libraries from two early-stage (stage I/II) and two 
late-stage (stage III) primary ovarian tumors, each subtracted against cDNAs derived from normal 
ovarian epithelial cell brushings. Approximately 600-700 distinct clones were sequenced from 
each library. Comparison of down-regulated clones obtained from early- and late-stage tumors 
revealed genes that were unique to each library which suggested tumor-specific differences. We 
found 45 down-regulated genes that were common in all four libraries. We also identified several 
genes, the role of which in tumor development has yet to be elucidated, in addition to several 
under expressed genes, the potential role of which in carcinogenesis has been described 
previously (Bagnoli et al., Oncogene, 19: 4754-4763, 2000; Yu et al., Proc. Natl. Acad. Sci. USA, 
96: 214-219, 1999; Mok et al., Oncogene, 12: 1895-1901, 1996). The differential expression of a 
subset of these genes was confirmed by semiquantitative reverse transcription-PCR using 
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as control in a panel of 15 stage I and 15 
stage III tumors of mixed histological subtypes. Chromosomal sorting of library sequences 
revealed that several of the genes mapped to known regions of deletion in ovarian cancer. Loss 
of heterozygosity (LOH) analysis revealed multiple genomic regions with a high frequency of loss 
in both early- and late-stage tumors. To determine whether loss of expression of some of the 
genes corresponds to loss of an allele by LOH, we used a microsatellite marker for one of the 
novel genes on 8q and have shown that loss of expression of this novel gene correlates with loss 
of an allele by LOH. In conclusion, our analysis has identified down-regulated genes, which map 
to known as well as novel regions of deletions and may represent potential candidate tumor 
suppressor genes involved in ovarian cancer. 
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 The serum of cancer patients often harbors increased free DNA levels, which can potentially be 
used for cancer detection. Because genetic and epigenetic alterations of the adenomatous 
polyposis coli (APC) gene are common events in gastrointestinal tumor development, we sought 
to investigate the frequency and level of aberrant APC promoter methylation in primary tumors 
and paired preoperative serum or plasma samples of lung cancer patients by semiquantitative 
methylation-specific fluorogenic real-time PCR. We detected methylation of APC in 95 of 99 
(96%) primary lung cancer tissues. Forty-two of 89 (47%) available serum and/or plasma samples 
from these cases carried detectable amounts of methylated APC promoter DNA. In contrast, no 
methylated APC promoter DNA was detected in serum samples from 50 healthy controls. A 
highly elevated APC methylation level in lung cancer tissue was the only independent factor 
predicting inferior survival in this cohort (P = 0.015). APC methylation analysis appears to be 



promising as a prognostic factor in primary lung cancer and as a noninvasive tumor marker in 
plasma and/or serum DNA. 
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 The p53 tumor suppressor protein plays a pivotal role in preventing uncontrolled cellular 
proliferation. By contrast, zinc deprivation enhances esophageal cell proliferation and the 
induction of esophageal tumors in rodents by N-nitrosomethylbenzylamine (NMBA). We 
investigated whether p53 deficiency rendered zinc-deficient (ZD) mice more susceptible to 
NMBA-induced esophageal/forestomach carcinogenesis. At 6-7 weeks of age, p53 null (-/-), 
heterozygous (+/-), and wild-type (+/+) mice were placed on ZD or zinc-sufficient (ZS) diets to 
form six experimental groups: ZD:p53-/-; ZD:p53+/-; ZD:p53+/+; ZS:p53-/-; ZS:p53+/-; and 
ZS:p53+/+. After 3 weeks, 15-23 mice in each group were treated once with NMBA (2 mg/kg 
body weight). Control animals were untreated. Zinc deficiency alone induced unrestrained cellular 
proliferation in the esophagus and forestomach of p53-/- mice. Forestomach tumors were first 
detected in a ZD:p53-/- mouse at 13 days. By 30 days, 100% (21 of 21) of ZD:p53-/- mice 
developed forestomach tumors and 38% showed esophageal tumors versus 42 and 0% in 
ZS:p53-/- mice (P < 0.004, esophagus; P < 0.001, forestomach). ZD:p53-/- mice showed an 
accelerated progression to malignancy, with 10% of esophageal tumors and 38% of forestomach 
tumors presenting as carcinomas. Nearly 20% of ZD:p53-/- mice developed esophageal Barrett's 
metaplasia, a lesion not previously seen in NMBA-induced neoplasia. ZD:p53+/- mice had 
significantly higher tumor incidence than ZS:p53+/- mice. The order of tumor incidence in 
forestomach was as follows: naught incidence in ZS:p53+/+ mice; ZD:p53-/- > ZD:p53+/- > 
ZS:p53-/- > ZD:p53+/+ [&gt;=] ZS:p53+/- > ZS:p53+/+. The rapid rate of tumor 
induction/progression in ZD:p53-/- mice was accompanied by an increase in the rate of cell 
proliferation and a decrease in apoptosis. cDNA array expression analysis of known genes 
identified a 5-fold up-regulation of cytokeratin 14 mRNA expression in ZD:p53-/- versus ZS:p53-/- 
forestomach, a result showing gene-modulating effects of zinc deficiency. Cytokeratin 14 is a 
biomarker in human esophageal carcinogenesis. Our findings provide in vivo evidence for the 
collaboration of a deficiency of both p53 and zinc in esophageal carcinogenesis and reveal 
molecular targets of this collaboration. 
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 Mutations in the currently known mismatch repair genes cannot explain all cases of hereditary 
nonpolyposis colorectal cancer (HNPCC), and novel predisposing genes areactively sought. 
Recently, mutations in the DNA repair gene EXO1 havebeen implicated in HNPCC. One 
truncating and several missense changes were observed in familial colorectal cancer (CRC) 
cases but not in controls. We evaluated a series of European CRC patients and population 
controls to clarify whether EXO1 variants may indeed predispose to familial CRC. Several 
variants observed in patients were also observed in controls with similar frequencies, including 
the truncating variant proposed previously to be a disease-causing mutation. Thus, little evidence 
was obtained to support a major causative role of EXO1 in HNPCC, although we cannot exclude 
a role for EXO1 as a low penetrance cancer susceptibility or modifying gene. 
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 The regulation of the epidermal growth factor receptor (egfr) gene in human cancer is not yet fully 
understood. Recent data on a polymorphic CA repeat located at the 5'-regulatory sequence in 
intron 1 of the egfr gene [egfr CA simple sequence repeat (SSR) I] point to a possible inheritance 
of cancer risk associated with the egfr gene. Furthermore, we have detected frequent allelic 
imbalances restricted to the egfr CA SSR I in breast cancer tissue and nontumorous breast tissue 
adjacent to invasive and in situ breast cancer representing amplifications. Therefore, we 
conducted a population-based case-control study to assess the relationship between the egfr 
polymorphism and breast cancer risk. Cases with a first primary breast cancer by age 50 years 
and age-matched population controls provided information on known and suspected risk factors. 
The allelic length of the egfr CA SSR was determined in 616 cases and 1072 population-sampled 
controls. Genotypes were categorized for analysis by allele length. Multivariate logistic regression 
was used to compare genotype distributions, accounting for other risk factors, and to investigate 
gene-environment interactions. We found a modifying effect, albeit no main effect, of the allelic 
length of the egfr polymorphism on breast cancer risk. The presence of two long alleles ([IMG]=" 
BORDER="0">19 CA) was associated with a significantly elevated odds ratio (OR) of 10.4 [95% 
confidence interval (CI), 1.85-58.70] among women with a first-degree family history of breast 
cancer (P = 0.015 for interaction). The risk increase associated with high red meat consumption 
(OR, 10.68; 95% CI, 1.57-72.58) and the protective effect of high vegetable intake (OR, 0.07; 
95% CI, 0.004-1.07) was also most pronounced among carriers of two long alleles ([IMG]=" 
BORDER="0">19 CA). The length of the egfr CA SSR may increase the risk for familial breast 
cancers, and its effect could be modulated by dietary factors. 
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 Discovery and functional evaluation of biologically significant regulatory single nucleotide 
polymorphisms (SNP) in carcinogen metabolism genes is a difficult challenge because the 
phenotypic consequences may be both transient and subtle. We have used a gene expression 
screening approach to identify a functional regulatory SNP in glutathione S-transferase M3 
(GSTM3). Anttila et al. proposed that variation in GSTM3 expression was affected by exposure to 
cigarette smoke and inheritance of the GSTM1-null genotype. To investigate the mechanism of 
GSTM3 expression was affected by exposure to cigarette smoke and inheritance of the GSTM1-
null genotype. To investigate the mechanism of GSTM3 expression variation, we measured 
GSTM3 expression in lymphoblast cells from a human Centre d'Etude du Polymorphisme Humain 
family and observed a low expression phenotype. Promoter sequencing revealed two novel 
GSTM3 promoter SNPs: A/C and A/G SNPs, 63 and 783 bp upstream of the codon 1 start site, 
respectively. In this pedigree, the two children homozygous for the -63C/C genotype had 8-fold 
lower GSTM3 expression relative to the two children with the -63A/A genotype, with no 
association between A-783G SNP and GSTM3 expression. Further evaluation using genotyped 
glioma cell lines and with luciferase reporter constructs showed that the -63C allele was 
associated with lower GSTM3 expression (P < 0.0001 and P < 0.003). RNA pol II chromatin 
immunoprecipitation was combined with quantitative probed-based allelic discrimination 
genotyping to provide direct evidence of a 9-fold reduced RNA pol II binding capacity for the -63C 
allele. These results show that the GSTM3 -63C allele strongly affects gene expression in human 



cell lines and suggests that individuals who carry the low expression allele may be deficient in 
glutathione transferase catalyzed biological functions. 
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 Loss of genetic material on chromosome 6 has been associated with progression of human 
melanomas. We showed previously that introducing chromosome 6 into metastatic human 
melanoma cell lines suppresses metastasis without affecting the ability of the hybrids to form 
progressively growing tumors. By subtractive hybridization comparing nonmetastatic 
chromosome 6-containing (neo6/C8161) versus parental (C8161) metastatic cells, the KISS1 
metastasis suppressor gene was isolated. However, KISS1 mapped to chromosome 1q32. To 
identify upstream regulator(s) of (and downstream effectors of) KISS1, microarray hybridization 
comparing C8161 and neo6/C8161 variants was performed. TXNIP/VDUP1, a thioredoxin-binding 
protein, was expressed more highly in neo6/C8161 and in nonmetastatic melanomas. Increased 
TXNIP expression inhibited metastasis and up-regulated KISS1. Surprisingly, TXNIP also 
mapped to chromosome 1q. PCR karyotyping that refined the region on chromosome 6 identified 
CRSP3/DRIP130, a transcriptional coactivator, as a metastasis suppressor. CRSP3 transfectant 
cells had up-regulated KISS1 and TXNIP expression and were suppressed for metastasis. 
Quantitative real-time reverse-transcription PCR of clinical melanoma samples showed that loss 
of CRSP3 expression correlated with decreased KISS1 expression and increased metastasis. 
Thus, we implicated a specific gene on chromosome 6 in the etiology of melanoma metastasis 
and identified potential up-stream regulators of KISS1 and TXNIP. 
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 Cutaneous melanomas have been found to express several immunogenic differentiation 
melanoma-associated antigens (MAAs) that have been suggested to play an important role in 
disease outcome. Adaptive host immunity to MAAs has shown some level of control on 
melanoma progression. To date, there has been no definitive report correlating the level of 
differentiated MAAs gene expression in melanomas with overall disease outcome. Metastasis of 
melanoma to distant visceral organ sites usually indicates a survival of less than 1 year; however, 
a subset of patients who undergo cytoreductive surgery of distant metastases survive for a longer 
period. We hypothesized that the gene expression level of differentiation MAAs in metastatic 
melanoma (AJCC stage IV) lesions would be predictive of survival. We focused on three known 
differentiation MAAs: tyrosinase (TYR), TYR-related protein 2 (TRP-2), and melanoma antigen 
recognized by T cells 1 (MART-1); all three of them are known to induce immune responses in 
melanoma patients and are frequently expressed in melanomas. A quantitative reverse-
transcriptase RealTime PCR (qRT) assay was developed for these MAAs to assess mRNA 
expression in metastatic melanoma tumors obtained from cytoreductive surgery of AJCC stage IV 
melanoma patients (n = 35). Patients were followed up for over 60 months. There was a variation 
in mRNA copy levels for individual MAAs in melanoma tumors. Elevated MAA mRNA copy levels 
of TYR and TRP-2 significantly (P < 0.03 and < 0.009, respectively) correlated with improved 
overall survival. Patients having at least one MAA expressed in their tumors had a significantly (P 
= 0.01) better overall survival (median 16 months). These studies demonstrate that levels of 
differentiated MAA mRNA expression of advanced-stage metastatic melanomas can be used as 



molecular predictive factors of disease outcome. The studies also imply that an assessment of 
melanoma tumor MAAs may provide a stratification factor targeted for active-specific 
immunotherapy. 
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 Biallelic mutations in Fanconi anemia complementation group genes disrupt DNA repair and 
result in the complex Fanconi anemia phenotype. In addition, germ line mutations in the 
BRCA2/FANCD1 Fanconi anemia complementation group gene have also been implicated in 
predisposition to a number of cancers including pancreatic cancer. The recent identification of 
FANCC and FANCG mutations in resected pancreatic tumors selected for loss of heterozygosity 
on chromosome 9, some of which were present in the germ line DNA, suggests that inactivation 
of these and other Fanconi complementation group genes may contribute to pancreatic cancer. 
To further assess the relevance of FANCC and FANCG mutations to pancreatic cancer we 
conducted a mutation screen of these genes in DNA from blood of 421 sequentially collected 
pancreatic cancer cases diagnosed at the Mayo Clinic. Two truncating FANCC mutations but no 
truncating FANCG mutations were identified in young onset (<55 years) pancreatic cancer cases 
with no family history of pancreatic cancer. Both mutations were associated with loss of 
heterozygosity of the wild-type allele in corresponding pancreatic tumors. In addition, no 
truncating mutations were identified in germ line DNA from blood of 658 control individuals 
undergoing routine colonoscopy. Taken together these data support the assertion that inherited 
mutations in FANCC can predispose to pancreatic cancer. 
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 To identify mechanisms of camptothecin (CPT) resistance and the relationship between CPT-
resistant cells and other anticancer agents, a CPT-resistant cell line (CPT30) and its partial 
revertant cell line (CPT30R) were established from a human nasopharyngeal carcinoma cell line 
(HONE-1). CPT30 and CPT30R cells displayed a 14- and 3.5-fold resistance to CPT compared 
with HONE-1 cells, respectively. The resistant and partial revertant cell lines showed cross-
resistance to topotecan and increased sensitivity to cisplatin, carboplatin, and 1,3-
bis(chloroethyl)-1-nitrosurea. The topoisomerase (Top) I catalytic activity of CPT30 and CPT30R 
cells was 30% and 200%, respectively, compared with that of HONE-1 cells. The expression of 
Top I protein and mRNA levels in CPT30 cells was 40% and 30% less than that in HONE-1 cells, 
respectively, whereas in CPT30R cells, the levels of Top I protein and mRNA were 50% and 20% 
higher, respectively, than that in HONE-1 cells. Both the resistant and revertant cell line whole-
cell lysates demonstrated different levels of sensitivity to CPT in in vitro assays in comparison 
with that of HONE-1 cells. Furthermore, CPT exhibited 15- and 7-fold better binding affinity in 
stabilizing protein-linked DNA breaks in HONE-1 cells than in CPT30 and CPT30R cells, 
respectively. Direct DNA sequencing of the reverse transcription-PCR product and genomic DNA 
revealed a point mutation resulting in E418K mutation in the Top I of both CPT30 and CPT30R 
cells. Wild-type Top I RNA and genomic DNA were also detected in these two cell lines. A yeast 
system was used to examine whether this mutation could be responsible for CPT resistance. Our 
results showed that a single amino acid change (E418K) resulted in CPT resistance. Therefore, 
quantitative and qualitative changes in Top I were responsible for CPT resistance in CPT30 cells. 
CPT resistance in CPT30R cells was caused by mutation of Top I. 
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 Colorectal cancers from the mutator phenotype pathway display distinctive pathologicalfeatures 
and confer a lesser aggressiveness than colorectal adenocarcinomas originated by the 
suppressor pathway. The goal of this work was to test whether tumors developed through the 
mutator pathway could show a decrease in matrix metalloproteinase (MMP) activity. We 
evaluated levels and activity of gelatinase A (MMP-2) and gelatinase B (MMP-9), as well as 
stromelysin-1 (MMP-3) expression in 101 sporadic colorectal tumors in consideration of the 
microsatellite instability (MSI) status of the groups. Gelatinases were analyzed by ELISA and 
zymography. The MMP-3 study was performed by real-time quantitative PCR. MMP-9 total levels 
were significantly higher in MSI-H tumors. However, levels of the active MMP-9 form were 
significantly much lower in this group of tumors. Data from real-time quantitative PCR indicated 
that levels of MMP-3 for MSI-L/MSS tumors were much higher as compared with those observed 
in MSI-H cancers (P = 0.033). Moreover, all MSI-H tumors showed nucleotide insertions and/or 
deletions in MMP-3 promoter. These mutations were not observed in the group of MSI-L/MSS 
tumors. Our data indicate that the MMP-3 promoter constitutes a novel target of the defective 
mismatch repair machinery in sporadic colorectal tumors, resulting in a dramatic decrease in the 
levels of the active MMP-9 form, which may result in a lessened capacity for invasion. 
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 Medulloblastoma is the most common malignant brain tumor in children.Chromosome arm 
17p13.3 is reduced to homozygosity in 35-50% of medulloblastomas,making it the most frequent 
genetic alteration in these tumors. HIC-1 (hypermethylated in cancer) is a putative tumor 
suppressor gene located in the area of common deletion. HIC-1 resides in a CpG island and is 
hypermethylated in many different tumor types. Therefore, we studied a series of tumor 
specimens for hypermethylation and deletion of the region containing the HIC-1 gene to 
determine whether these two mechanisms of gene inactivation play a complimentary role in 
medulloblastoma. Southern blotting was performed using the methylation-sensitive restriction 
endonuclease NotI. Methylation of NotI restriction sites located in HIC-1 was demonstrated in 26 
(72%) of 36 tumors and 11 (92%) of 12 specimens of normal brain. Of these 26 tumors, 23 
differed significantly from normal brain. A greater proportion of the cells from the tumors showed 
methylated alleles of the HIC-1 gene. A group of 15 (42%) of 36 tumors exhibited loss of 
heterozygosity (LOH) for DNA sequences located on chromosome arm 17p. There was no 
significant correlation between LOH and methylation status (P = 0.19). Methylation in tumors 
beyond that seen in normal brain predicted poor overall survival independent of clinical risk 
category (P = 0.014). The results of our study show that methylation of the CpG island that 
contains the HIC-1 gene is common in medulloblastoma and, together with LOH of 17p, may be a 
critical event in the formation and aggressiveness of this tumor. 
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 Uroplakins (UPs) are a group of integral membrane proteins that are synthesized as the major 
differentiation products of mammalian urothelium. UPII gene expression is bladder specific and 
differentiation dependent, but very little is known about its transcription response elements. To 
identify the promoter elements, a DNA fragment of 2239 bp upstream of the UPII gene was 
amplified by PCR and linked to a promoterless firefly luciferase reporter gene. Transient 
transfection experiments showed that the DNA segment located between -1809 and +1 bp 
resulted in preferential expression in bladder carcinoma cells with negligible expression in 
nonurothelial cells. This promoter was engineered into adenovirus (Ad) type 5 to drive the 
expression of the E1A and E1B genes and to create an attenuated replication-competent Ad 
variant, termed CG8840. Viral replication and the cytopathic effect of CG8840 were evaluated by 
virus yield and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays in 
bladder transitional cell carcinoma (TCC) cell lines RT4 and SW780; nonbladder cancer cell lines 
G361 (melanoma), LNCaP (prostate cancer), PA-1 (ovarian cancer), and U118 (brain cancer); 
and human primary cells including lung fibroblasts, bladder smooth muscle cells, and mammary 
epithelial cells. CG8840 replicated in and eliminated bladder TCC efficiently with high specificity 
(10,000:1) in comparison with nonbladder cells. The antitumor activity of CG8840 was examined 
in BALB/c nu/nu mice carrying s.c. human TCC xenografts. Intratumoral and i.v. administration of 
CG8840 in RT4 human bladder cancer xenografts caused significant (P < 0.01) inhibition of 
tumor growth. Synergistic antitumor efficacy was observed when CG8840 was combined with 
docetaxel, resulting in significant regression of RT4 bladder cancer xenograft tumors within 6 
weeks after i.v. administration of CG8840 (3.33 x 109 plaque-forming units/animal on day 1) and 
docetaxel (20 mg/kg on days 2, 6, and 9). These results demonstrate the utility of the UPII 
promoter in the generation of urothelium-specific adenoviral vectors and provide a potential 
foundation for the development of bladder tumor-specific oncolytic viral therapies. 

 

Inoue, M., P. Starostik, et al. (2003). "Correlating Genetic Aberrations with World Health Organization-
defined Histology and Stage across the Spectrum of Thymomas." Cancer Res. 63(13): 3708-
3715. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/63/13/3708  

 Thymomas are thymic epithelial tumors. Because most of them are rich in nonneoplastic T-cells, 
recurrent genetic aberrations have been reported only in the rare, lymphocyte-poor WHO types A, 
B3, and C. We have now investigated virtually the whole spectrum of thymomas, including the 
commoner types AB and B2, microdissecting or culturing neoplastic cells from these lymphocyte-
rich thymomas and applying 41 microsatellite markers covering 17 loci on 10 chromosomes. In 28 
cases, comparative genomic hybridization data were available. Apart from type A, there was 
striking heterogeneity between thymomas. Allelic imbalances were seen in 87.3% of the 55 
cases, and MSI in 9.9%. Losses of heterozygosity (LOHs) were much the commonest aberration. 
Overall, they were most prevalent at four regions on chromosome 6. Aberrations elsewhere, 
affecting mainly 8p11.21 and 7p15.3, suggested a cortical footprint because they recurred only in 
the thymopoietically active type AB and B thymomas. LOHs were also seen at the adenomatous 
polyposis coli (APC) locus (5q21-22) in subsets of these thymomas, whereas combined LOHs at 
the APC, retinoblastoma (13q14.3), and p53 (17p13.1) loci were confined to a subset of B3 
thymomas that had possibly evolved from APC-hemizygous B2 thymomas by tumor progression; 
indeed, thymomas combing B2 plus B3 features are common. Notably, some AB and B 
thymomas shared LOHs despite their nonoverlapping morphology and different clinical behavior. 
Finally, allelic imbalances at 8p11.21 and 16q22.1 (CDH1) were significantly more frequent in 
stage IV metastatic thymomas. We conclude that the WHO-defined histological thymoma types 
generally segregate with characteristic genetic features, type A thymomas being the most 
homogeneous. Many findings support the view that B2 and B3 thymomas form a continuum, with 
evidence of tumor progression. However, other findings imply that types A and AB are biologically 



distinct from the others, any potential invasiveness being severely restricted by a medullary 
commitment in the precursor cell undergoing neoplastic transformation. 
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 Aromatase plays a critical role in breast cancer development by converting androgen to estrogen. 
In this report, results are presented to demonstrate that estrogen, the product of aromatase, can 
up-regulate its expression. Estrogen receptor (ER) transient transfection experiments were 
performed using the SK-BR-3 breast cancer cell line, which is ER negative and expresses 
aromatase. When SK-BR-3 cells were transfected with the expression plasmid pCI-ER{alpha}, 
but not pCI-ER{beta}, aromatase activity was elevated by 17{beta}-estradiol (E2) in a dose-
dependent manner. The E2 induction could be enhanced by cotransfection with the coactivator 
GRIP1 and suppressed by antiestrogens such as tamoxifen and ICI 182,780. The aromatase 
activity in the ER{alpha}-transfected SK-BR-3 cells could also be induced by environmental 
chemicals that were known to have an estrogen-like activity. Using aromatase gene exon Is-
specific reverse transcription-PCR, the level of promoter I.1-driven transcripts was found to be 
elevated in E2-treated ER{alpha}-transfected cells. This suggested that E2 induced aromatase 
expression through the up-regulation of promoter I.1. Using DNA deletion analysis of the 5'-
flanking region of promoter I.1, the section between -300 and -280 bp upstream from exon I.1 
was identified to be important for mediating E2 induction. However, a direct binding of ER{alpha} 
to this 20-bp region could not be demonstrated. It was found that E2 induction could be 
suppressed by the mitogen-activated protein/extracellular signal-regulated kinase kinase inhibitor, 
PD98059, and the epidermal growth factor receptor tyrosine kinase inhibitor, PD153035 
hydrochloride. A significant induction of aromatase expression was also detected in ER-positive 
MCF-7 breast cancer cells after transfection with pCI-ER{alpha} and E2 treatment. Furthermore, 
after ER{alpha} transfection and E2 treatment, the aromatase activity in Her-2-overexpressing 
MCF-7 cells was drastically higher than that of the wild-type MCF-7 cells. In addition, aromatase 
induction in MCF-7 cells could also be suppressed by PD153035 hydrochloride. These results 
suggest that E2 up-regulates aromatase expression by a nongenomic action of ER{alpha} via 
cross-talk with growth factor-mediated pathways. 
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 Promoter hypermethylation is an alternative way to inactivate tumor suppressor genes in cancer. 
Alterations of chromosome 3p are frequently involved in many types of cancer, including 
esophageal squamous cell carcinoma. Here, we investigated the methylation status and loss of 
heterozygosity (LOH) of 3p tumor suppressor genes. We examined the promoter methylation 
status of von Hippel-Lindau disease (VHL), retinoic acid receptor {beta} (RAR-{beta}), RAS 
association domain family 1A (RASSF1A), and fragile histidine triad (FHIT) genes in 22 
esophageal squamous cell carcinoma cell lines and 47 primary tumors and corresponding 
noncancerous tissues by a methylation-specific PCR. In addition, we analyzed 47 paired samples 
for LOH at eight loci on chromosome 3p. Hypermethylation in VHL, RAR-{beta}, RASSF1A, and 
FHIT was detected in 36, 73, 73, and 50% of tumor cell lines, respectively. In primary tumors, 
hypermethylation in VHL, RAR-{beta}, RASSF1A, and FHIT was detected in 13, 55, 51, and 45%, 
respectively. In corresponding noncancerous tissues, hypermethylation in RAR-{beta} and FHIT 



was frequently detected in 38 and 30%, respectively, whereas no VHL hypermethylation and only 
4% of RASSF1A hypermethylation were detected. Furthermore, in clinical stages I and II, 
hypermethylation in RAR-{beta} (67%) and FHIT (78%) was frequently detected, whereas no VHL 
hypermethylation and 11% of RASSF1A hypermethylation were detected. On the other hand, the 
correlation between FHIT hypermethylation and LOH at FHIT region was statistically significant 
(P = 0.008). Our findings suggest that hypermethylation of the RAR-{beta} and FHIT may play an 
important role in the early stage of esophageal squamous cell carcinogenesis. In addition, FHIT 
may be inactivated in accordance with the two-hit inactivation model, involving deletion of one 
allele and hypermethylation of the other. 
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 The OGG1 and MYH DNA glycosylases prevent the accumulation of DNA 8-hydroxyguanine. In 
Myh-/- mice, there was no time-dependent accumulation of DNA 8-hydroxyguanine in brain, small 
intestine, lung, spleen, or kidney. Liver was an exception to this general pattern. Inactivation of 
both MYH and OGG1 caused an age-associated accumulation of DNA 8-hydroxyguanine in lung 
and small intestine. The effects of abrogated OGG1 and MYH on hepatic DNA 8-hydroxyguanine 
levels were additive. Because there is an increased incidence of lung and small intestine cancer 
in Myh-/-/Ogg1-/- mice, these findings support a causal role for unrepaired oxidized DNA bases in 
cancer development. 
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 Endometrial cancer (EC) is a hormone-dependent cancer that currently represents the most 
frequent malignancy of the female reproductive tract. The involvement of steroid hormones in its 
etiology and progression has been reported. The possibility that even gonadotropins (GT) could 
play a role in the genesis and establishment of EC is supported by the fact that specific receptors 
for the GT luteinizing hormone/human chorionic GT (LH/hCG) have been detected in a high 
percentage of ECs, and their expression is apparently related to the cancer grading. However, 
the precise mechanisms by which GTs might exert their effect on EC is still obscure. The aim of 
this study was to determine the effects of LH/hCG on the invasion potential of EC cell lines and 
primary human EC cells. Human recombinant (hr) LH (and hCG) induced a significant increase in 
cell invasiveness through Matrigel-coated porous membranes in an EC human cell line Hec1A, 
which expresses the LH/hCG receptor. This effect turned out to depend on hrLH binding to its 
specific receptors and to the subsequent activation of protein kinase A (PKA). Moreover the hrLH-
induced increase in Hec1A invasiveness relied upon a PKA-dependent functional activation of 
{beta}1 integrin receptors, as well as the subsequent induction of matrix metalloproteinase-2 
secretion in its active form. The same mechanisms were also found to be operative in primary EC 
cells. In fact, a significant percentage of primary ECs expressed the LH/hCG receptor, and hrLH 
addition to primary EC cells, which expressed the specific receptors produced an increase in cell 
invasiveness only in those tumor cells possessing the specific receptors. This effect was also 
dependent on PKA activity. We conclude that LH/hCG can regulate EC cells invasiveness, and 
this result provides a rationale for the use of inhibitors of LH secretion such as GnRH analogues 
in the treatment of EC. 
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 The cyclooxygenase (COX) pathway is important in colorectal carcinogenesis with the majority of 
cancers overexpressing COX-2; however, the role of COX-2 in the development of colorectal 
adenomas is less well defined. Accordingly, we analyzed 108 colorectal adenomas for COX-1 
and COX-2 transcription in archival formalin-fixed, paraffin-embedded tissue using by real-time 
PCR and normalized to {beta}-actin. Neither COX-1 nor COX-2 mRNA expression differed with 
regard to age or gender of the subject. COX-2 mRNA expression was significantly higher in distal 
adenomas (2.2 {+/-} 1.9) compared with proximal (0.7 {+/-} 0.5) adenomas (P < 0.0001) and in 
larger ([IMG]=" BORDER="0">7 mm) compared with smaller (<7 mm) adenomas (2.3 {+/-} 2.2 
and 1.7 {+/-} 1.3, respectively, P = 0.04). COX-2 expression did not differ significantly in tubular 
compared with tubulovillous adenomas, although there appeared to be a trend toward higher 
COX-2 expression in tubulovillous adenomas with increasing villous content. Additionally, there 
was not a significant difference in either COX-1 or COX-2 based on the degree of dysplasia 
Therefore, if COX-2 inhibitors work through a COX-2 mechanism, these agents may have 
differential effects on colorectal adenomas that are distal and larger. 
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 We profiled the expression of genes in benign and untreated human prostate cancer tissues 
using oligonucleotide microarrays. We report here 50 genes with distinct expression patterns in 
metastatic and confined tumors (Gleason score 6 and 9; lymph node invasive and noninvasive). 
Validation of expression profiles of 6 genes by quantitative PCR revealed a strong inverse 
correlation in the expression of zinc finger protein 185 (ZNF185), bullous pemphigoid antigen 
gene (BPAG1), and prostate secretory protein (PSP94) with progression of prostate cancer. 
Treatment of prostate cancer cell lines with 5-aza-2'-deoxycytidine (5-Aza-CdR), an inhibitor of 
DNA methylation, restored ZNF185 expression levels. Moreover, methylation-specific PCR 
confirmed methylation of the 5'CpG islands of the ZNF185 gene in all of the metastatic tissues 
and 44% of the localized tumor tissues, as well as in the prostate cancer cell lines tested. Thus, 
transcriptional silencing of ZNF185 by methylation in prostate tumor tissues implicates the 
ZNF185 gene in prostate tumorigenesis. 
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 ARHI is a maternally imprinted tumor suppressor gene that maps to a site on chromosome 1p31 
where loss of heterozygosity has been observed in 40% of human breast and ovarian cancers. 
ARHI is expressed in normal ovarian and breast epithelial cells, but ARHI expression is lost in a 
majority of ovarian and breast cancers. Expression of ARHI from the paternal allele can be down-



regulated by multiple mechanisms in addition to loss of heterozygosity. This article explores the 
role of DNA methylation in silencing ARHI expression. There are three CpG islands in the ARHI 
gene. CpG islands I and II are located in the promoter region, whereas CpG island III is located in 
the coding region. Consistent with imprinting, we have found that all three CpG islands were 
partially methylated in normal human breast epithelial cells. Additional confirmation of imprinting 
has been obtained by studying DNA methylation and ARHI expression in murine A9 cells that 
carry either the maternal or the paternal copy of human chromosome 1. All three CpG islands 
were methylated, and ARHI was not expressed in A9 cells that contained the maternal allele. 
Conversely, CpG islands were not methylated and ARHI was expressed in A9 cells that 
contained the paternal allele of human chromosome 1. Aberrant methylation was found in several 
breast cancer cell lines that exhibited decreased ARHI expression. Hypermethylation was 
detected in 67% (6 of 9) of breast cancer cell lines at CpG island I, 33% (3 of 9) at CpG island II, 
and 56% (5 of 9) at CpG island III. Hypomethylation was observed in 44% (4 of 9) of breast 
cancer cell lines at CpG island II. When methylation of CpG islands was studied in 20 surgical 
specimens, hypermethylation was not observed in CpG island I, but 3 of 20 cases exhibited 
hypermethylation in CpG island II (15%), and 4 of 20 cases had hypermethylation in CpG island 
III (20%). Treatment with 5-aza-2'-deoxycytidine, a methyltransferase inhibitor, could reverse 
aberrant hypermethylation of CpG island I, II and III and partially restore ARHI expression in 
some, but not all of the cell lines. Treatment with 5-aza-2'-deoxycytidine partially reactivated 
ARHI expression in cell lines with hypermethylation of CpG islands I and II but not in cell lines 
with partial methylation or hypomethylation of these CpG islands. To test the impact of CpG 
island methylation on ARHI promoter activity more directly, constructs were prepared with the 
ARHI promoter linked to a luciferase reporter and transfected into SKBr3 and human embryo 
kidney 293 cells. Methylation of the entire construct destroyed promoter activity. Selective 
methylation of CpG island II alone or in combination with CpG island I also abolished ARHI 
promoter activity. Methylation of CpG I alone partially inhibited promoter activity of ARHI. Thus, 
hypermethylation of CpG island II in the promoter region of ARHI is associated with the complete 
loss of ARHI expression in breast cancer cells. Other epigenetic modifications such as 
hypermethylation in CpG island III may also contribute to the loss of ARHI expression. 
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 Deregulation of members of the transforming growth factor (TGF)-{beta} signaling pathway 
occurs often in colon cancers and is believed to affect the formation of primary colon cancer. 
Mutational inactivation of TGFBR2 is the most common genetic event affecting the TGF-{beta} 
signaling pathway and occurs in [~]20-30% of all colon cancers. By mating Fabpl4xat-132 Cre 
mice with Tgfbr2flx/flx mice, we have generated a mouse model that is null for Tgfbr2 in the 
colonic epithelium, and in this model system, we have assessed the effect of loss of TGF-{beta} 
signaling in vivo on colon cancer formation induced by azoxymethane (AOM). We have observed 
a significant increase in the number of AOM-induced adenomas and adenocarcinomas in the 
Fabpl4xat-132 Cre Tgfbr2flx/flx mice compared with Tgfbr2flx/flx mice, which have intact TGF-
{beta} receptor type II (TGFBR2) in the colon epithelium, and we have found increased 
proliferation in the neoplasms occurring in the Fabpl4xat-132 Cre Tgfbr2flx/flx mice. These results 
implicate the loss of TGF-{beta}-mediated growth inhibition as one of the in vivo mechanisms 
through which TGFBR2 inactivation contributes to colon cancer formation. Thus, we have 
demonstrated that loss of TGFBR2 in colon epithelial cells promotes the establishment and 
progression of AOM-induced colon neoplasms, providing evidence from an in vivo model system 
that TGFBR2 is a tumor suppressor gene in the colon. 
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 Tenascin-C (TN) is an extracellular matrix protein that is expressed at low levels in normal adult 
tissue but is highly expressed around many tumors including breast carcinoma. TN exists as 
multiple isoforms generated through alternative splicing, and these isoforms have different effects 
on cell growth and migration. This study has analyzed in detail the pattern of TN isoform 
expression in benign, preinvasive, and invasive breast lesions using reverse transcription-PCR 
and Southern blotting. Significant differences in the profile of TN isoforms were identified. 
Although all tissues expressed the fully truncated TN, expression of two additional isoforms, one 
containing exon 16 (TN16) and one containing both exons 14 and 16 (TN14/16), were 
significantly associated with the invasive phenotype (P < 0.001). A subset of ductal carcinoma in 
situ (DCIS) cases were also found to express these isoforms, which may be indicative of a high 
risk of invasion in these lesions. Expression of these isoforms correlated with the presence of TN 
protein in the stroma in place of or in addition to basement membrane TN. Immunohistochemistry 
and in situ hybridization confirmed the production of exon 14-containing higher molecular weight 
isoforms by stromal fibroblasts in malignant tissue and both periductal fibroblasts and residual 
myoepithelial cells in DCIS. Although no evidence of tumor cell synthesis of TN was detected in 
the tissues, two highly invasive breast cancer cell lines (MDA-MB 231 and MDA-MB 468) were 
found to produce TN in contrast with tumor cells with a lower invasive capacity (MCF-7 and 
T47D). These results demonstrate for the first time that specific TN isoforms are expressed in 
invasive breast carcinomas and that these isoforms are identified in a subset of DCIS and 
suggest that detection of TN16 and/or TN14/16 may be used as a predictor for invasion. 
Functional studies are now essential to establish the effect of these isoforms on tumor behavior 
and evaluate whether they will provide appropriate targets for therapeutic intervention. 

 

Clements, W. M., J. Wang, et al. (2002). "{beta}-Catenin Mutation Is a Frequent Cause of Wnt Pathway 
Activation in Gastric Cancer." Cancer Res. 62(12): 3503-3506. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/62/12/3503  

 Studies of Wnt activation in gastric cancer have yielded conflicting results. The goals of this study 
were to determine the frequency of Wnt pathway activation and {beta}-catenin mutation in these 
tumors. Three hundred eleven gastric cancers were examined for {beta}-catenin expression by 
immunostaining and dissected using laser capture microscopy to obtain DNA from those tumors 
with nuclear {beta}-catenin. Exon 3 of {beta}-catenin was amplified using PCR and sequenced. 
Ninety gastric cancers (29%) displayed nuclear {beta}-catenin. DNAs from 73 tumors were 
amplified and sequenced; 19 (26%) contained mutations in exon 3 of {beta}-catenin, whereas no 
mutations were detected in 19 tumors negative for {beta}-catenin nuclear staining (P < 0.05). 
Most mutations were adjacent to or abolished known regulatory phosphorylation sites. Mutations 
in exon 3 of {beta}-catenin are common in gastric cancer that display nuclear {beta}-catenin. 
These results suggest that Wnt pathway activation contributes to carcinogenesis in a subset of 
gastric adenocarcinomas. 
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 Because some studies have linked polymorphic variants of the estrogen-metabolizing genes 
CYP17 and catechol O-methyl transferase (COMT) with risk for hormonally related cancers, we 
sought to determine whether selected polymorphisms of these genes differed between women 
with and without ovarian cancer. From a population-based study of ovarian cancer, we analyzed 
DNA from a total of 480 cases and controls. PCR amplification was performed using primers that 
amplify restriction sites for MspAI (A2 polymorphism-CYP17) and NlaIII (Val/Met polymorphism-
COMT). Digestion of the PCR products was performed. Genotypes identified by gel 
electrophoresis were assigned as homozygous wild type (WW), heterozygous variant (Wv), and 
homozygous variant (vv). Frequencies were compared using {chi}2 or Fisher's exact tests. 
Logistic regression was used to calculate crude and adjusted relative risks (RRs) for ovarian 
cancer associated with possession of any variant allele overall, and within demographic, weight, 
and smoking history categories, and by histological subtype of ovarian cancer. A portion (68.9%) 
of cases either carried or was homozygous for the A2 variant of CYP17 compared with 53.9% of 
controls, for a RR (and 95% confidence interval) of 1.86 (1.26, 2.75; P = 0.003), adjusted for age, 
parity, oral contraceptive use, site of study, and family history of breast or ovarian cancer. The 
increased risk was most apparent for women >50 and women with invasive serous cancers. A 
portion (71.9%) of cases either carried or was homozygous for the Val/Met variant of COMT, 
compared with 76.9% of controls (P = 0.27). Although the inverse association of ovarian cancer 
with possession of a Val/Met variant was not significant overall, it was for mucinous tumors of the 
ovary, with an adjusted RR of 0.28 (0.13, 0.61; P = 0.0012). Possession of the A2 variant of 
CYP17 appears to increase risk for ovarian cancer, whereas possession of the Val/Met variant of 
COMT decreases the risk for mucinous tumors. Confirmation in other populations and further 
exploration of potential pathogenetic mechanisms will be necessary. 
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 Thymidylate synthase (TS) is a key enzyme in folate metabolism and the primary target of 5-
fluorouracil. A repeat polymorphism in the TS promoter enhancer region (2rpt versus 3rpt of 28 
bp) is associated with decreased expression, and a 6-bp deletion in the 3'untranslated region 
may affect RNA stability. We investigated the role of TS polymorphisms in a case control study of 
adenomatous polyps (510 cases and 604 polyp-free controls). Multivariate-adjusted odds ratios 
(ORs; 95% confidence interval) for TSER 2rpt/3rpt and 2rpt/2rpt compared with 3rpt/3rpt were 0.8 
(0.6-1.2) and 0.9 (0.6-1.3), respectively. We observed a significant gene-nutrient interaction 
between the TSER polymorphism and folate intake: among 3rpt/3rpt individuals (greater 
expression), folate intake > 440 {micro}g/day (highest tertile) versus [&lt;=]440 {micro}g/day was 
associated with a 2-fold decreased risk [ORs 1.0 (reference group) versus 0.5 (0.3-0.9)]. 
However, among 2rpt/2rpt individuals, high folate intake was associated with a 1.5-fold increased 
risk [ORs 0.6 (0.4-0.9) versus 0.9 (0.5-1.5; P for interaction = 0.03)]. Vitamin B12 showed a 
similar trend (P = 0.08). No clear pattern was seen with the TS 1494del6 polymorphism. These 
findings raise questions regarding the molecular pathways linking folate metabolism and 
colorectal carcinogenesis, including whether high folate is beneficial in the presence of all 
metabolic genotypes. 
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 Forty-eight hereditary nonpolyposis colorectal carcinoma (HNPCC) familiesfor which a tumor 
sample was available were evaluated for the presence of germ-line mutations in MSH2 and 
MLH1, tumor microsatellite instability (MSI), and where possible, expression of MSH2 and MLH1 
in tumors by immunohistochemistry. Fourteen of 48 of the families had a germ-line mutation in 
either MSH2 or MLH1 that could be detected by genomic DNA sequencing, and 28 of 48 of the 
families had MSI-H tumors. Four additional families showed loss of expression of MSH2, and one 
additional family showed loss of expression of MLH1 but did not have germ-line mutations in 
MSH2 or MLH1 that could be detected by DNA sequencing. MSI-H, as defined using the National 
Cancer Institute recommended five-microsatellite panel, had a 100% sensitivity for identifying 
samples having MSH2 or MLH1 mutations or loss of expression. In contrast, loss of MSH2 and 
MLH1 expression did not identify all samples having germ-line mutations in MSH2 or MLH1, 
because in five cases, a mutant protein product was expressed that could be detected by IHC. A 
combination of the Bethesda criteria for HNPCC and an MSI-H phenotype defined the smallest 
number of cases having all of the germ-line MSH2 and MLH1 mutations that could be detected by 
DNA sequencing. 
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3871-3877. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/64/11/3871  

 It is well established that DNA hypermethylation of tumor suppressor and tumor-related genes 
can occur in cancer cells and that each cancer subtype has specific gene sets that are commonly 
susceptible to methylation and silencing. Glutathione S-transferase (GSTP1) is one example of a 
gene that is hypermethylated and inactivated in the majority of prostate cancers. We previously 
reported that hypermethylation of the GSTP1 CpG island promoter in prostate cancer cells is 
initiated by a combination of transcriptional gene silencing (by removal of the Sp1 sites) and 
seeds of methylation that, instead of being constantly removed because of demethylation 
associated with transcription, acts as a catalyst for the spread of methylation across the CpG 
island. In this study, we now demonstrate that the seeds of DNA methylation also play an 
important role in initiating chromatin modification. Our results address a number of central 
questions about the temporal relationship between gene expression, DNA hypermethylation, and 
chromatin modification in cancer cells. We find that for the GSTP1 gene, (a) histone acetylation is 
independent of gene expression, (b) histone deacetylation is triggered by seeds of DNA 
methylation, (c) the spread of DNA hypermethylation across the island is linked to MBD2 and not 
MeCP2 binding, and (d) histone methylation occurs after histone deacetylation and is associated 
with extensive DNA methylation of the CpG island. These findings have important implications for 
understanding the biochemical events underlying the mechanisms responsible for abnormal 
hypermethylation of CpG island-associated genes in cancer cells. 
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 The aim of this study was to evaluate the promoter methylation status and loss of heterozygosity 
(LOH) of the SEMA3B in non-small cell lung cancers (NSCLCs). We analyzed the methylation 
status of semaphorin 3B (SEMA3B) promoter and LOH at 3p21.3 in eight NSCLC cell lines and 
27 primary tumors. Hypermethylation of SEMA3B was found in 50% of the cell lines and 41% of 
the primary tumors studied. The presence of hypermethylation was statistically associated with 



loss of SEMA3B expression in both cell lines (P = 0.02) and primary tumors (P < 0.01). There 
was no correlation between SEMA3B and tumor stage. On the other hand, the correlation 
between SEMA3B methylation status and LOH at 3p21.3 was significant (P = 0.02). Notably, 7 of 
8 tumors with both hypermethylation and LOH of SEMA3B showed the absence of the 
expression. Treatment with 5-AZAC restored SEMA3B expression in NSCLC cell line. These 
results indicate that SEMA3B gene alterations may play a important role in the malignant 
transformation of NSCLC via a two-hit mechanism, including epigenetic changes and allelic loss, 
for tumor suppressor gene inactivation. 
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 Cyclooxygenase-2 (COX-2) is an inducible enzyme that converts arachidonic acid to 
prostaglandins. Overexpression of the COX-2 gene in mammary glands of transgenic mice was 
sufficient to induce tumorigenesis. We analyzed COX-2 expression in human breast cancers (and 
breast cancer cell lines) and adjacent ductal carcinoma in situ (DCIS) as well as its association 
with HER2/neu and clinicopathological variables. Archival primary breast carcinomas (n = 57), 
adjacent DCIS (n = 14) and DCIS alone (n = 2) were analyzed for COX-2 and HER2 expression 
by immunohistochemistry using specific monoclonal antibodies. An immunohistochemical scoring 
system was used. HER2 gene amplification had been analyzed previously by fluorescence in situ 
hybridization (n = 20). Histology of carcinomas included infiltrating ductal (n = 44), lobular (n = 2), 
and other (n = 7). Frozen breast cancers and adjacent normal tissue pairs (n = 9) were analyzed 
for COX-2 mRNA by reverse transcription-PCR. COX-2 and HER2 expression were also 
analyzed in human breast cancer cell lines (MCF-7, MCF-7/HER2, SK-BR-3, and MDA-MB-231) 
by immunoblotting. Cytoplasmic COX-2 expression was detected at an intermediate or high level 
in epithelial cells in 18 of 42 (43%) invasive breast cancers and in 10 of 16 (63%) cases of DCIS. 
Normal-appearing breast epithelia adjacent to cancer expressed COX-2 in 81% of cases and was 
generally focal and of similar or decreased intensity relative to adjacent neoplastic epithelia. 
COX-2 mRNA was detected in all samples analyzed by reverse transcription-PCR and was 
increased in eight of nine breast cancers relative to paired normal tissue. In archival tumors, no 
significant correlation was found between COX-2 and HER2 expression/amplification and 
clinicopathological variables. COX-2 expression was induced in MCF-7 cells stably transfected 
with HER2, in contrast to parental MCF-7 cells, and was detected in MDA-MB-231, but not SK-
BR-3 cells. COX-2 is frequently overexpressed in invasive breast cancers and in adjacent DCIS 
and, thus, may be an early event in mammary tumorigenesis. Forced HER2 expression in MCF-7 
cells was shown to up-regulate COX-2, although no association was found in human tumors. Our 
results suggest that nonsteroidal anti-inflammatory drugs and selective COX-2 inhibitors may be 
useful in the chemoprevention and therapy of human breast cancer. 
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 Cyclooxygenase-2 (COX-2) was recently reported (M. Tsujii and R. N. DuBois, Cell, 83: 493-501, 
1995) to affect the metastatic potential of cells. Previous studies (M. Fukuda, Cancer Res., 56: 
2237-2244, 1996) indicated that sialyl Lewis antigen expression is correlated with hematogenous 
metastasis of colon cancer. In the present study, we investigated the interaction between COX-2 
activity, expression of sialyl Lewis antigens, in vitro cancer cell adhesion to endothelial cells, and 
in vivo metastatic potential. Effects of COX-2 activity and prostaglandin E2 on cell adhesion, 



expression of sialyl Lewis antigens, and glycosyltransferase genes were determined in Caco-2-m 
(COX-2 low level), Caco-2-COX-2 (programmed to overexpress COX-2), and HT-29 (COX-2 high 
level) cells. Metastatic spread of these cells to the liver was also investigated. Caco-2-COX-2 
cells had increased SPan-1 levels and increased adherence to endothelial cells via SPan-1 
compared with Caco-2-m cells. HT-29 cells expressed sialyl Lewis a and adhered to endothelial 
cells via sialyl Lewis a. Treatment with a COX-2 inhibitor, celecoxib, decreased SPan-1 and sialyl 
Lewis a expression and adherence to endothelial cells. {beta}3Gal-T5 and ST3Gal III and IV 
expression was inhibited by celecoxib and was enhanced by prostaglandin E2 treatment. Caco-2-
COX-2 and HT-29 cells metastasized to the liver, whereas Caco-2-m cells did not. Pretreatment 
with celecoxib reduced the metastatic potential as well as anti-sialyl Lewis antibodies. Our results 
indicate a direct link between COX-2 and enhanced adhesion of carcinoma cells to endothelial 
cells, and enhanced liver metastatic potential via accelerated production of sialyl Lewis antigens. 
COX-2 inhibitors may suppress metastasis. 
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 Malignant transformation of Barrett's esophagus is characterized by three distinct premalignant 
stages: intestinal metaplasia (MET), low- (LGD), and high-grade dysplasia (HGD). We reported 
recently an increase in the frequency of loss of 7q33-q35 between LGD and HGD as determined 
by comparative genomic hybridization (P. H. J. Riegman et al., Cancer Res., 61: 3164-3170, 
2001). Now the 7q32.3-q36.1 region was additionally characterized by allelotype analysis with 11 
polymorphic markers in 15 METs, 20 LGDs, 20 HGDs, and 20 Barrett's adenocarcinomas from 
different patients. Low percentages of imbalance were determined in METs and LGDs, 7% and 
10%, respectively, whereas HGDs and Barrett's adenocarcinomas revealed high percentages of 
loss, 75% and 65%, respectively. This difference in frequency between LGDs and HGDs 
appeared highly significant: P = 0.00007. The majority of imbalances were found at D7S2439 and 
D7S483, located on 7q36.1. These data suggest that markers from this area can be used as a 
diagnostic tool in Barrett's esophagus, i.e., to distinguish between watchful waiting and active 
treatment. 
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 Enzymes that activate and detoxify benzene are likely genetic determinants of benzene-induced 
toxicity.NAD(P)H: quinone oxidoreductase-1 (NQO1) detoxifies benzoquinones, proposed toxic 
metabolites of benzene. NQO1 deficiency in humans is associated with an increased risk of 
leukemia, specifically acute myelogenous leukemia, and benzene poisoning. We examined the 
importance of NQO1 in benzene-induced toxicity by hypothesizing that NQO1-deficient (NQO1-/-) 
mice are more sensitive to benzene than mice with wild-type NQO1 (NQO1+/+; 129/Sv 
background strain). Male and female NQO1-/- and NQO1+/+ mice were exposed to inhaled 
benzene (0, 10, 50, or 100 ppm) for 2 weeks, 6 h/day, 5 days/week. Micronucleated peripheral 
blood cells were counted to assess genotoxicity. Peripheral blood counts and bone marrow 
histology were used to assess hematotoxicity and myelotoxicity. p21 mRNA levels in bone 
marrow cells were used as determinants of DNA damage response. Female NQO1-/- mice were 
more sensitive (6-fold) to benzene-induced genotoxicity than the female NQO1+/+ mice. Female 
NQO1-/- mice had a 9-fold increase (100 versus 0 ppm) in micronucleated reticulocytes 
compared with a 3-fold increase in the female NQO1+/+ mice. However, the induced genotoxic 



response in male mice was similar between the two genotypes ([&gt;=]10-fold increase at 100 
ppm versus 0 ppm). Male and female NQO1-/- mice exhibited greater hematotoxicity than 
NQO1+/+ mice. p21 mRNA levels were induced significantly in male mice (>10-fold) from both 
strains and female NQO1-/- mice (> 8-fold), which indicates an activated DNA damage response. 
These results indicate that NQO1 deficiency results in substantially greater benzene-induced 
toxicity. However, the specific patterns of toxicity differed between the male and female mice. 
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 Histone deacetylation and DNA methylation establish epigenetic modifications, which through 
chromatin remodeling may result in gene silencing. We hypothesized that chemokine receptors 
C-C chemokine receptor 7 (CCR7) and C-X-C chemokine receptor 4 (CXCR4) on melanoma cells 
undergo epigenetic regulation. We investigated whether a histone deacetylase inhibitor and a 
demethylating agent influence CCR7 and CXCR4 expression on melanoma cells. Initially, 
microarray analysis was done to screen changes in chemokine receptor expression on melanoma 
cells after treatment with trichostatin A (TSA) and 5-Aza-2-deoxycytidine (5-Aza). CCR7 and 
CXCR4 mRNA expression were uniformly altered and selected for further investigation. 
Quantitative real-time reverse transcription-PCR assay, immunohistochemistry, and Western blot 
analysis were used to assess changes in mRNA and protein expression induced by TSA and 5-
Aza in melanoma lines. Cell migration assays were conducted to assess the effects of altered 
CCR7 and CXCR4 expression on cell function. Treatment with TSA or 5-Aza increased gene 
expression of both CCR7 and CXCR4 in melanoma lines. TSA was the strongest enhancer. With 
combined treatment, CCR7 and CXCR4 mRNA expression was also up-regulated. 
Immunohistochemistry after combined treatment showed enhanced staining of both CCR7 and 
CXCR4 compared with control cells. Melanoma cell migration in TSA- and 5-Aza-treated cells 
was 7- and 2-fold higher than control cells for CCR7 and CXCR4, respectively. In summary, a 
histone deacetylase inhibitor and a demethylating agent up-regulated CCR7 and CXCR4 
expression on melanoma cells. This increase in chemokine receptor expression correlated with 
functional activity. Most importantly, we have identified an epigenetic mechanism that may 
endogenously regulate chemokine receptor expression on melanoma cells. 
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 A major limitation of adoptive immunotherapy is the availability of T cells specific for both 
terminally differentiated tumor cells and their clonogenic precursors. We show here that marrow-
infiltrating lymphocytes (MILs) recognize myeloma cells after activation with anti-CD3/CD28 
beads with higher frequency than activated peripheral blood lymphocytes from the same patients. 
Furthermore, activated MILs target both the terminally differentiated CD138+ plasma cells and 
the myeloma precursor as shown by profound inhibition in a tumor clonogenic assay. The 
presence of antigen in the marrow microenvironment seems to be important for the maintenance 
of tumor specificity. Taken together, these results highlight the intrinsic tumor specificity of MILs 
and describe a novel approach for the generation of tumor-specific T-cell populations suitable for 
adoptive immunotherapy of multiple myeloma. 
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 Previous reports have suggested a connection between reduced levels of the catalytic subunit of 
DNA-dependent protein kinases (DNA-PKcs), a component of the nonhomologous DNA double-
strand breaks end-joining system, and a reduction in ATM. We studied this possible connection in 
other DNA-PKcs-deficient cell types, and following knockdown of DNA-PKcs with small interfering 
RNA, Chinese hamster ovary V3 cells, lacking DNA-PKcs, had reduced levels of ATM and 
hSMG-1, but both were restored after transfection with PRKDC. Atm levels were also reduced in 
murine scid cells. Reduction of ATM in a human glioma cell line lacking DNA-PKcs was 
accompanied by defective signaling through downstream substrates, post-irradiation. A large 
reduction of DNA-PKcs was achieved in normal human fibroblasts after transfection with two 
DNA-PKcs small interfering RNA sequences. This was accompanied by a reduction in ATM. 
These data were confirmed using immunocytochemical detection of the proteins. Within hours 
after transfection, a decline in PRKDC mRNA was seen, followed by a more gradual decline in 
DNA-PKcs protein beginning 1 day after transfection. No change in ATM mRNA was observed for 
2 days post-transfection. Only after the DNA-PKcs reduction occurred was a reduction in ATM 
mRNA observed, beginning 2 days post-transfection. The amount of ATM began to decline, 
starting about 3 days post-treatment, then it declined to levels comparable to DNA-PKcs. Both 
proteins returned to normal levels at later times. These data illustrate a potentially important 
cross-regulation between the nonhomologous end-joining system for rejoining of DNA double-
strand breaks and the ATM-dependent damage response network of pathways, both of which 
operate to maintain the integrity of the genome. 
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 Overexpression of the epidermal growth factor receptor (egfr) gene is a common feature in breast 
cancer. We demonstrated recently that the expression of EGFR in breast cancer strongly 
correlates with the length of a CA simple sequence repeat within the first 2000 bases in intron 1 
of the egfr gene [CA simple sequence repeat (CA-SSR) I; H. Buerger et al., Cancer Res., 60: 
854-857, 2000]. Using a standardized semiautomated method of microsatellite analysis for loss of 
heterozygosity detection, we identified an allelic imbalance (AI) at the egfr locus in 55 of 163 
primary breast cancer cases. Fine mapping of the chromosomal region at 7p12-15 around the 
egfr gene using 10 CA-SSR markers showed that mutations of egfr in breast cancer are 
frequently restricted to the first intron of egfr. Thereby, the simple sequence repeat CA-SSR I in 
intron 1 was affected in 84% of the patients with AI. Reverse transcription-PCR analysis of 23 
breast cancer tissues with AI excluded the presence of in-frame deletions between exon 2 and 
exon 7. For additional characterization of the underlying phenomenon leading to the detection of 
an AI in microsatellite analysis, a quantitative 5'-nuclease assay for the first CA-SSR I in intron 1 
was established. In breast cancer cases with AI the presence of amplifications of this sequence 
was shown. Kaplan-Meier analysis revealed a statistically significant worse prognosis for patients 
with AI in the cancer tissue at the egfr locus compared with patients without AI. Interestingly, 75% 
of the patients bearing AI of CA-SSR I in the tumor also showed AI at normal, nontumorous 
breast tissue. Our data strongly support the assumption that distinct amplifications in intronic 
sequences of the egfr gene, which enhance the basic transcription activity of the gene, represent 
one of the first steps in breast carcinogenesis. Furthermore, they point to the presence of 
prognosis-associated markers for breast cancer already in morphological normal breast tissue. 
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 NY-ESO-1 is a cancer/testis antigen expressed in normal adult tissues solely in the testicular 
germ cells of normal adults and in various cancers. It induces specific humoral and cellular 
immunity in patients with NY-ESO-1-expressing cancer. The aim of this study was to determine 
the frequency of NY-ESO-1 mRNA and protein expression in malignant and benign breast 
tumors. NY-ESO-1 mRNA expression was detected by conventional reverse transcription-PCR 
and real-time PCR, and that of the protein expression by immunohistochemistry and Western blot 
analysis. Expression of NY-ESO-1 mRNA was detected in 37 of 88 (42%) cancer specimens, 
whereas that of the NY-ESO-1 protein was detected only in 1 mRNA-positive specimen. In the 
latter case, expression level of NY-ESO-1 mRNA relative to that in the testis was relatively high 
(75% of testicular expression) and to the other among breast cancer specimens. In benign breast 
lesions, 21 of 31 (68%) specimens expressed low levels of NY-ESO-1 mRNA. In 1 case of 
fibroadenoma, NY-ESO-1 mRNA was 8% of the testicular level, and protein was detected by 
Western blot analysis. Only 1 breast cancer patient had detectable antibody at time of surgery, 
which disappeared within 2 years. Tumor specimen from this patient was both NY-ESO-1 mRNA 
and protein positive, and NY-ESO-1-specific CD8 T cells were detected in this patient by IFN-
{gamma} enzyme-linked immunospot assay using NY-ESO-1 recombinant adeno and vaccinia 
virus. A higher rate of NY-ESO-1 expression was noted in breast cancer with high histological 
grade and negative hormone receptor status, suggesting NY-ESO-1 as a potential tumor antigen 
for immunotherapy in patients with breast cancer and poor prognosis. 
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 Aberrant DNA methylation patterns may be the earliest somatic genome changes in prostate 
cancer. Using real-time methylation-specific PCR, we assessed the extent of hypermethylation at 
16 CpG islands in DNA from seven prostate cancer cell lines (LNCaP, PC-3, DU-145, LAPC-4, 
CWR22Rv1, VCaP, and C42B), normal prostate epithelial cells, normal prostate stromal cells, 73 
primary prostate cancers, 91 metastatic prostate cancers, and 25 noncancerous prostate tissues. 
We found that CpG islands at GSTP1, APC, RASSF1a, PTGS2, and MDR1 were 
hypermethylated in >85% of prostate cancers and cancer cell lines but not in normal prostate 
cells and tissues; CpG islands at EDNRB, ESR1, CDKN2a, and hMLH1 exhibited low to 
moderate rates of hypermethylation in prostate cancer tissues and cancer cell lines but were 
entirely unmethylated in normal tissues; and CpG islands at DAPK1, TIMP3, MGMT, CDKN2b, 
p14/ARF, and CDH1 were not abnormally hypermethylated in prostate cancers. Receiver 
operator characteristic curve analyses suggested that CpG island hypermethylation changes at 
GSTP1, APC, RASSF1a, PTGS2, and MDR1 in various combinations can distinguish primary 
prostate cancer from benign prostate tissues with sensitivities of 97.3-100% and specificities of 
92-100%. Hypermethylation of the CpG island at EDNRB was correlated with the grade and 
stage of the primary prostate cancers. PTGS2 CpG island hypermethylation portended an 
increased risk of recurrence. Furthermore, CpG island hypermethylation patterns in prostate 
cancer metastases were very similar to the primary prostate cancers and tended to show greater 
differences between cases than between anatomical sites of metastasis. 
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 The human FHIT (fragile histidine triad) gene is a putative tumor suppressor gene located at 
chromosome region 3p14.2. Previous studies have shown that loss of heterozygosity, 
homozygous deletions, and abnormal expression of the FHIT gene are involved in several types 
of human malignancies. A CpG island is present in the 5' promoter region of the FHIT gene, and 
methylation in this region correlates with loss of FHIT expression. To test whether aberrant 
methylation of the FHIT gene may play a role in pediatric leukemia, we assessed the FHIT 
methylation status of 10 leukemia cell lines and 190 incident population-based cases of childhood 
acute lymphocytic and myeloid leukemias using methylation-specific PCR. Conventional and 
fluorescence in situ hybridization cytogenetic data were also collected to examine aneuploidy, 
t(12, 21), and other chromosomal rearrangements. Four of 10 leukemia cell lines (40%) and 52 of 
190 (27.4%) bone marrows from childhood leukemia patients demonstrated hypermethylation of 
the promoter region of FHIT. Gene expression analyses and 5-aza-2'-deoxycytidine treatment 
showed that promoter hypermethylation correlated with FHIT inactivation. Among primary 
leukemias, hypermethylation of FHIT was strongly correlated with acute lymphoblastic leukemia 
(ALL) histology (P = 0.008), high hyperdiploid (P < 0.0001), and translocation-negative (P < 
0.0001) categories. Hyperdiploid B-cell ALLs were 23-fold more likely to be FHIT methylated 
compared with B-cell ALL harboring TEL-AML translocations. FHIT methylation was associated 
with high WBC counts at diagnosis, a known prognostic indicator. These results suggest that 
hypermethylation of the promoter region CpG island of the FHIT gene is a common event and 
may play an important role in the etiology and pathophysiology of specific cytogenetic subtypes of 
childhood ALL. 
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 Clinical staging of cervical lymph nodes from patients with squamous cell carcinoma of the head 
and neck (SCCHN) has only 50% accuracy compared with definitive pathologic assessment. 
Consequently, both clinically positive and clinically negative patients frequently undergo neck 
dissections that may not be necessary. To address this potential overtreatment, sentinel lymph 
node (SLN) biopsy is currently being evaluated to provide better staging of the neck. However, to 
fully realize the potential improvement in patient care afforded by the SLN procedure, a rapid and 
accurate SLN analysis is necessary. We used quantitative reverse transcription-PCR (QRT-PCR) 
to screen 40 potential markers for their ability to detect SCCHN metastases to cervical lymph 
nodes. Seven markers were identified with good characteristics for identifying metastatic disease, 
and these were validated using a set of 26 primary tumors, 19 histologically positive lymph nodes, 
and 21 benign nodes from patients without cancer. Four markers discriminated between positive 
and benign nodes with accuracy >97% but only one marker, pemphigus vulgaris antigen (PVA), 
discriminated with 100% accuracy in both the observed data and a statistical bootstrap analysis. 
A rapid QRT-PCR assay for PVA was then developed and incorporated into a prototype 
instrument capable of performing fully automated RNA isolation and QRT-PCR. The automated 
analysis with PVA provided perfect discrimination between histologically positive and benign 
lymph nodes and correctly identified two lymph nodes with micrometastatic tumor deposits. 
These assays were completed (from tissue to result) in [~]30 minutes, thus demonstrating the 
feasibility of intraoperative staging of SCCHN SLNs by QRT-PCR. 
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 The Notch family of proteins plays an integral role in determining cell fates, such as proliferation, 
differentiation, and apoptosis. We show that Notch-1 and its ligands, Delta-like-1 and Jagged-1, 
are overexpressed in many glioma cell lines and primary human gliomas. Immunohistochemistry 
of a primary human glioma tissue array shows the presence in the nucleus of the Notch-1 
intracellular domain, indicating Notch-1 activation in situ. Down-regulation of Notch-1, Delta-like-
1, or Jagged-1 by RNA interference induces apoptosis and inhibits proliferation in multiple glioma 
cell lines. In addition, pretreatment of glioma cells with Notch-1 or Delta-like-1 small interfering 
RNA significantly prolongs survival in a murine orthotopic brain tumor model. These results show, 
for the first time, the dependence of cancer cells on a single Notch ligand; they also suggest a 
potential Notch juxtacrine/autocrine loop in gliomas. Notch-1 and its ligands may present novel 
therapeutic targets in the treatment of glioma. 
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 The von Hippel-Lindau tumor suppressor protein acts as the substrate recognition componentof a 
ubiquitin E3 ligase that targets hypoxia-inducible factor (HIF)-{alpha} subunits for proteolysis. 
Stabilization of HIF-{alpha} subunits has been described in VHL-defective cell lines, leading to 
HIF activation and up-regulation of hypoxia-inducible mRNAs. Mutations of the von Hippel-Lindau 
tumor suppressor protein are found in most clear cell renal cell carcinomas (CC-RCCs) but not 
other renal tumors, raising a question about the importance of activation of the HIF pathway in 
CC-RCC development. To address this question, we have examined the expression of HIF-
{alpha} subunits in 45 primary renal tumors and related this to tumor subtype, the presence of 
VHL mutations, and measures of angiogenesis. We show that HIF-{alpha} is up-regulated in the 
majority of CC-RCCs, and that the pattern of expression is biased toward the HIF-2{alpha} 
isoform. Expression of HIF-{alpha} proteins was associated significantly with up-regulation of 
VEGF mRNA and protein and increased microvessel density. Up-regulation of HIF-{alpha} in CC-
RCC was found to involve increased mRNA as well as protein expression, suggesting that both 
VHL-dependent and VHL-independent mechanisms are involved. These results suggest that 
activation of the HIF pathway is functionally important in CC-RCC development and might provide 
a new therapeutic target. 
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 Despite the increasing clinical applications of circulating EBV DNA analysis as a tumor marker, 
the molecular nature of these EBV DNA molecules remains unclear. We subjected plasma/serum 
samples of nasopharyngeal carcinoma and lymphoma patients to DNase digestion and 
ultracentrifugation and showed that circulating EBV DNA molecules are "naked" DNA fragments 
instead of being contained inside virions. We further showed that these EBV DNA fragments were 
relatively short, and 87% of them were shorter than 181 bp. These results provide fundamental 



information that may improve our understanding of the release of tumor-derived nucleic acids into 
the blood of cancer patients. 
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EBV Genome." Cancer Res. 63(9): 2338-2343. 
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 Previous studies have suggested that common breast cancers are associated with EBV. We used 
a highly sensitive quantitative real-time PCR method to screen whole tumor sections of breast 
cancers for the presence of the EBV genome. EBV DNA was detected in 19 of 92 (21%) tumors, 
but viral load was very low in positive samples (mean = 1.1 copy EBV/1000 cells, maximum = 7.1 
copies EBV/1000 cells). Importantly, quantitative real-time PCR failed to detect the EBV genome 
in microdissected tumor cells from any case. Using a monoclonal antibody (2B4-1) reactive 
against the EBV nuclear antigen-1, we noted strong staining of tumor nuclei in a proportion of 
those breast cancers that had tested negative for the presence of the EBV genome. Because 
nuclear staining with the 2B4-1 antibody was previously observed more frequently in poor 
prognosis breast cancers, we examined a larger series of breast cancers with complete clinical 
follow-up. Strong punctate staining of tumor cell nuclei was observed in 47 of 153 (31%) breast 
cancers; 2B4-1-positive tumors were significantly more likely to be ER-negative (P < 0.0001), to 
be of higher grade (P = 0.001) and larger (P = 0.03), to involve more regional lymph nodes (P = 
0.01), and to have higher Nottingham Prognostic Index scores (P = 0.0003). Conclusions are: (a) 
EBV can be regularly detected in whole sections of breast cancers but viral copy number is very 
low; (b) in these cases, tumor cells do not harbor virus; and (c) reactivity with the monoclonal 
antibody 2B4-1 is detectable in the absence of the EBV genome and is strongly associated with 
ER-negative breast tumors and with prognostically unfavorable disease. Additional studies should 
be directed to the identification of this protein and to elucidation of its role in breast cancer. 
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 We developed a novel microarray system to assess gene expression, DNA methylation, and 
histone acetylation in parallel, and to dissect the complex hierarchy of epigenetic changes in 
cancer. An integrated microarray panel consisting of 1507 short CpG island tags located at the 5'-
end regions (including the first exons) was used to assess effects of epigenetic treatments on a 
human epithelial ovarian cancer cell line. Treatment with methylation (5-aza-2'-deoxycytidine) or 
deacetylation (trichostatin A) inhibitors alone resulted in up-regulation of 1.9 or 1.1% of the genes 
analyzed; however, the combined treatment resulted in synergistic reactivation of more genes 
(10.4%; P < 0.001 versus either treatment alone). On the basis of either primary or secondary 
responses to the treatments, genes were identified as methylation-dependent or -independent. 
Synergistic reactivation of the methylation-dependent genes by 5-aza-2'-deoxycytidine plus 
trichostatin A revealed a functional interaction between methylated promoters and deacetylated 
histones. Increased expression of some methylation-independent genes was associated with 
enhanced histone acetylation, but up-regulation of most of the genes identified using this 
technology was because of events downstream of the epigenetic cascade. We demonstrate proof 
of principle for using the triple microarray system in analyzing the dynamic relationship between 
transcription factors and promoter targets in cancer genomes. 
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 Loss of PTEN tumor suppressor function is observed in tumors of breast, prostate, thyroid, and 
endometrial origin. Allelic losses in the proximity of the PTEN locus (10q23) also occur in 
sporadic colorectal cancers (CRCs), but biallelic inactivation of this site has not been frequently 
demonstrated. We hypothesized that alternative mechanisms of PTEN allelic inactivation, such as 
promoter hypermethylation, might be operative in CRC and that PTEN inactivation may be related 
to recognized forms of genomic instability. We characterized a cohort of 273 sporadic CRCs by 
determining their microsatellite instability (MSI) status. Of these, 146 cancers were examined for 
PTEN promoter methylation by methylation-specific PCR. Mutations at the poly(A)6 repeat 
sequences in PTEN exons 7 and 8 and deletions at the 10q23 locus were also identified using 
microsatellite analysis. The presence of PTEN protein was determined by immunostaining, and 
the results were correlated with the promoter methylation status. We observed that PTEN 
promoter hypermethylation was a frequent occurrence in MSI-high (MSI-H) tumors (19.1% of 
MSI-H versus 2.2% of MSI-low/microsatellite stable tumors; P = 0.002). A PTEN mutation or a 
deletion event was present in 60% of the tumors with promoter region hypermethylation. 
Hypermethylation of the PTEN promoter correlated significantly with either decreased or 
complete loss of PTEN protein expression (P = 0.004). This is the first demonstration of PTEN 
inactivation as a result of promoter hypermethylation in MSI-H sporadic CRCs. These data 
suggest that this silencing mechanism plays a major role in PTEN inactivation and, in colon 
cancer, may be more important than either allelic losses or inactivating mutations. The significant 
correlation of PTEN hypermethylation with MSI-H tumors further suggests that PTEN is an 
additional important "target" of methylation along with the hMLH1 gene in the evolution of MSI-H 
CRCs and also confers the "second hit" in the biallelic inactivation mechanism for some 
proportion of tumors. 
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 Epidemiological studies and clinical observations suggest that nonsteroidal anti-inflammatory 
drugs and certain selective cyclooxygenase (COX)-2 inhibitors may reduce the relative risk of 
clinically evident prostate cancer. This prompted us to investigate the chemopreventive potential 
of celecoxib, a selective COX-2 inhibitor, against prostate carcinogenesis in a transgenic 
adenocarcinoma of the mouse prostate (TRAMP) model. Similar to prostate cancer in humans, 
prostate malignancies in TRAMP mice progress from precursor intraepithelial lesions, to invasive 
carcinoma that metastasizes to lymph nodes, liver, lungs, and occasionally to bone. The basal 
enzyme activity and protein expression of COX-2 is significantly higher (>4-fold) in the 
dorsolateral prostate of TRAMP mice up to 24 weeks of age compared with their nontransgenic 
littermates. Eight-week-old TRAMP mice were randomly divided and fed either control diet (AIN 
76A) or a custom prepared AIN 76A diet containing 1500-ppm celecoxib ad libitum for 24 weeks, 
a dosage that would compare with the normal recommended dose for the treatment of human 
disease. Studies from two independent experiments, each consisting of 10 mice on test, showed 
that the cumulative incidence of prostate cancer development at 32 weeks of age in animals fed 
with AIN 76A diet was 100% (20 of 20) as observed by tumor palpation, whereas 65% (13 of 20), 
35% (7 of 20), and 20% (4 of 20) of the animals exhibited distant site metastases to lymph nodes, 
lungs, and liver. Celecoxib supplementation to TRAMP mice from 8-32 weeks of age exhibited 



significant reduction in tumor development (5 of 20) with no signs of metastasis. Celecoxib 
feeding resulted in a significant decrease in prostate (56%; P < 0.0003) and genitourinary weight 
(48%; P < 0.008). Sequential magnetic resonance imaging analysis of celecoxib-fed mice 
documented lower prostate volume compared with the AIN 76A-fed group. Histopathological 
examination of celecoxib-fed animals showed reduced proliferation, and down-modulation of 
COX-2 and prostaglandin E2 levels in the dorsolateral prostate and plasma, respectively. These 
results correlated with retention of antimetastasis markers, viz E-cadherin, and {alpha}- and 
{beta}-catenin, along with a significant decrease in vascular endothelial growth factor protein 
expression. Celecoxib supplementation also resulted in enhanced in vivo apoptosis in the 
prostate as monitored by several techniques including a recently perfected technique of 99mTc-
labeled annexin V in live animals followed by phosphor imaging. One striking observation in an 
additional study was that celecoxib feeding to mice with established tumors (16 weeks of age) 
significantly improved their overall survival (P = 0.014), compared with AIN 76A-fed group. Our 
findings suggest that celecoxib may be useful in chemoprevention of prostate cancer. 
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 Breast cancer metastasis suppressor 1 (BRMS1) functions as a metastasis suppressor gene in 
breast cancer and melanoma cell lines, but the mechanism of BRMS1 suppression remains 
unclear. We determined that BRMS1 expression was inversely correlated with that of urokinase-
type plasminogen activator (uPA), a prometastatic gene that is regulated at least in part by 
nuclear factor-{kappa}B (NF-{kappa}B). To further investigate the role of NF-{kappa}B in BRMS1-
regulated gene expression, we examined NF-{kappa}B binding activity and found an inverse 
correlation between BRMS1 expression and NF-{kappa}B binding activity in MDA-MB-231 breast 
cancer and C8161.9 melanoma cells stably expressing BRMS1. In contrast, BRMS1 expression 
had no effect on activation of the activator protein-1 transcription factor. Further, we showed that 
suppression of both constitutive and tumor necrosis factor-{alpha}-induced NF-{kappa}B 
activation by BRMS1 may be due to inhibition of I{kappa}B{alpha} phosphorylation and 
degradation. To examine the relationship between BRMS1 and uPA expression in primary breast 
tumors, we screened a breast cancer dot blot array of normalized cDNA from 50 breast tumors 
and corresponding normal breast tissues. There was a significant reduction in BRMS1 mRNA 
expression in breast tumors compared with matched normal breast tissues (paired t test, P < 
0.0001) and a general inverse correlation with uPA gene expression (P < 0.01). These results 
suggest that at least one of the underlying mechanisms of BRMS1-dependent suppression of 
tumor metastasis includes inhibition of NF-{kappa}B activity and subsequent suppression of uPA 
expression in breast cancer and melanoma cells. 
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 Epithelial ovarian cancer derived from the human ovarian surface epithelium (HOSE) is the 
leading cause of death from gynecologic malignancies among American women. Metabolic 
activation of endogenous and exogenous chemicals by cytochrome P450 (CYP) class I enzymes 
has been implicated in its etiology. In this study, we showed overexpression of CYP1A1 mRNA, 
but not CYP1B1 transcripts, in ovarian cancer cell lines when compared with primary cultures or 
immortalized HOSE cell lines. Importantly, we identified a novel, enzymatically active, spliced 



variant of CYP1A1 (CYP1A1v) formed by excision of an 84-bp cryptic intron in exon 2. CYP1A1v 
is overexpressed in ovarian cancer cell lines and exhibits a unique subcellular distribution 
restricted to the nucleus and mitochondria, contrary to the endoplasmic reticulum localization of 
the wild-type enzyme. In concordance, total CYP1A1 activity, as measured by the ethoxyresorufin 
O-deethylase assay, was detected in mitochondrial, nuclear, and microsomal fractions of ovarian 
cancer cells but was notably absent in all subcellular fractions of HOSE cells. 
Immunocytochemistry studies in 30 clinical specimens revealed overexpression of CYP1A1 in 
various types of ovarian cancers compared with benign epithelia and frequent localization of the 
enzyme to cancer cell nuclei. Forced expression of CYP1A1wt or CYP1A1v in HOSE cells 
resulted in nuclear localization of the enzyme and acquisition of anchorage-independent growth, 
which was further exacerbated following exposure to benzo(a)pyrene or 17{beta}-estradiol. 
Collectively, these data provided the first evidence that CYP1A1 overexpression and alternative 
splicing could contribute to ovarian cancer initiation and progression. 
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 Little is known concerning promoters or gene therapy specific for ovarian cancer. To explore the 
potential use of IAI.3B isolated from ovarian cancer cells in gene therapy for ovarian cancer, we 
identified the promoter region of the IAI.3B gene and created a replication-selective adenovirus, 
AdE3-IAI.3B, driven by the promoter. Transient transfection experiments showed that the DNA 
segment located between -1816 and -1 bp resulted in preferential expression in ovarian cancer 
cells with negligible expression in squamous cell carcinoma and normal cells. The promoter 
activity of IAI.3B was almost the same as that of cytomegalovirus and an order of magnitude 
higher than those of midkine and cyclooxygenase-2 in ovarian cancer cells. AdE3-IAI.3B 
replicated as efficiently as the wild-type adenovirus and caused extensive cell killing in a panel of 
ovarian cancer cells in vitro. In contrast, squamous cell carcinoma and normal cells were not able 
to support AdE3-IAI.3B replication. In animal studies, AdE3-IAI.3B administered to flank and i.p. 
xenografts of ovarian cancer cells led to a significant therapeutic effect. These results 
demonstrate the usefulness of the IAI.3B promoter for generation of ovarian cancer-specific 
adenoviral vectors and provide a potential for the development of ovarian cancer-specific 
oncolytic viral therapies. 
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 Uveal melanoma is the most common intraocular malignancy. About 50% of patients die of 
metastases, which almost exclusively originate from primary tumors that have lost one 
chromosome 3 (monosomy 3). To gain insight into the biological mechanisms that underlie the 
various metastasizing potential of uveal melanoma, we have determined gene expression levels 
in 20 primary tumors using oligonucleotide microarrays containing 12500 probe sets. The 
expression measurements of those 7902 genes that were expressed in more than 10% of tumors 
were analyzed using two different statistical approaches. We used a modified Wilcoxon rank-sum 
test to identify genes differentially expressed between tumors with and without monosomy 3. 
Seven genes showed complete loss of expression in tumors with monosomy 3 but were 
expressed in tumors with disomy 3. Two of them, CHL1 and fls485, are located within or close to 



the uveal melanoma susceptibility locus UVM2 at 3p25. However, mutation analysis of both 
genes in eight tumors with monosomy 3 did not reveal structural or epigenetic alteration. To 
identify tumor classes, we performed unsupervised hierarchical cluster analysis; this approach 
separated uveal melanomas into two groups. We found that this classification is strikingly robust 
because, when tested by "resampling," the same grouping is obtained from 47 of 50 subsamples 
of genes. In clusterings of the three remaining subsamples, the grouping of only one tumor does 
not conform with the original classification. Excluding this tumor, cluster analyses of subsamples 
containing as few as 300 randomly chosen genes consistently result in the same classification, 
thus indicating that the difference between the two tumor classes is pervasive. Interestingly, all of 
the tumors in one of the groups have disomy 3, whereas all of the others have monosomy 3. Our 
findings suggest that there are two distinct entities of uveal melanoma that were previously 
unrecognized because they are not obviously distinguishable by clinicopathological features. 
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 Glycine N-methyltransferase (GNMT) affects genetic stability by (a) regulating the ratio of S-
adenosylmethionine to S-adenosylhomocystine and (b) binding to folate. Based on the 
identification of GNMT as a 4 S polyaromatic hydrocarbon-binding protein, we used liver cancer 
cell lines that expressed GNMT either transiently or stably in cDNA transfections to analyze the 
role of GNMT in the benzo(a)pyrene (BaP) detoxification pathway. Results from an indirect 
immunofluorescent antibody assay showed that GNMT was expressed in cell cytoplasm before 
BaP treatment and translocated to cell nuclei after BaP treatment. Compared with cells 
transfected with the vector plasmid, the number of BaP-7,8-diol 9,10-epoxide-DNA adducts that 
formed in GNMT-expressing cells was significantly reduced. Furthermore, the dose-dependent 
inhibition of BaP-7,8-diol 9,10-epoxide-DNA adduct formation by GNMT was observed in HepG2 
cells infected with different multiplicities of infection of recombinant adenoviruses carrying GNMT 
cDNA. According to an aryl hydrocarbon hydroxylase enzyme activity assay, GNMT inhibited 
BaP-induced cytochrome P450 1A1 enzyme activity. Automated BaP docking using a Lamarckian 
genetic algorithm with GNMT X-ray crystallography revealed a BaP preference for the S-
adenosylmethionine-binding domain of the dimeric form of GNMT, a novel finding of a cellular 
defense against potentially damaging exposures. In addition to GNMT, results from docking 
experiments showed that BaP binds readily with other DNA methyltransferases, including HhaI, 
HaeIII, PvuII methyltransferases and human DNA methyltransferase 2. We therefore 
hypothesized that BaP-DNA methyltransferase and BaP-GNMT interactions may contribute to 
carcinogenesis. 
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 The expression of the Mr 67,000 laminin receptor, a nonintegrin laminin receptor, was found to be 
up-regulated in neoplastic cells and to directly correlate with invasion and metastatic potential. In 
the present study, we investigated the role of laminin receptor in mediating laminin effects and the 
involvement of the mitogen-activated protein kinases (MAPK) cascades and dual-specificity 
phosphatases in laminin signaling in human melanoma cells. Using stable transfection of 
A375SM melanoma cells, we established lines expressing reduced or elevated laminin receptor. 
The antisense-transfected cells demonstrated reduced attachment to laminin and reduced 
invasion through Matrigel-coated filters. In addition, both matrix metalloproteinase-2 (MMP-2) 



mRNA expression and activity were significantly reduced in the antisense-transfected cells. 
Antisense-transfected cells showed a reduction in mRNA level of the {alpha}6B integrin subunit 
isoform, whereas no change in the mRNA level of the {alpha}6A isoform was observed. We found 
that exogenous laminin reduced the phosphorylated (active) form of extracellular signal-regulated 
kinase, c-Jun NH2-terminal protein kinase, and p38 in all of the cells, irrespective of the 
expression of the laminin receptor. Furthermore, the phosphorylation of extracellular signal-
regulated kinase, c-Jun NH2-terminal protein kinase, and p38 was significantly higher in the cell 
lines expressing reduced laminin receptor, regardless of the exposure to exogenous laminin. This 
increase of MAPK phosphorylation was accompanied by a significant reduction in MKP-1 
phosphatase mRNA level and a significant increase in PAC-1 phosphatase mRNA level. In 
conclusion, our results confirm the involvement of the laminin receptor in different mechanisms 
related to tumor dissemination and provide first evidence of the involvement of MAPK and dual-
specificity phosphatases in its signal transduction pathway. 
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 The fight against lung cancer is greatly compromised by the lack of effective early detection 
strategies. Genomic abnormalities and specifically the amplification of chromosomal region 3q26-
3qter in lung cancer represent a major signature of neoplastic transformation. Here, we address 
the significance of p53 homologue p63 mapping to 3q27 in lung tumorigenesis. We analyzed p63 
gene copy number (CN) by fluorescence in situ hybridization and expression by 
immunohistochemistry in tissue microarrays of 217 non-small cell lung cancers (NSCLCs) and 
correlated them with survival. We additionally characterized our findings in a subset of 24 
NSCLCs by reverse transcription-PCR and Western blotting. We analyzed p63 CN and protein 
expression in 41 preinvasive squamous lesions. The p63 genomic sequence was amplified in 
88% of squamous carcinomas, in 42% of large cell carcinomas, and in 11% of adenocarcinomas 
of the lung. The predominant splice variant of p63 expressed was {Delta}Np63{alpha}. Western 
analyses revealed {Delta}Np63{alpha} expression in normal bronchus and squamous carcinomas 
but not in normal lung or in adenocarcinomas. Furthermore, p63genomic amplification and protein 
staining intensity associated with better survival. We found a significant increase in CN in 
preinvasive lesions graded severe dysplasia or higher. Our data demonstrate that there is early 
and frequent genomic amplification of p63 in the development of squamous carcinoma of the lung 
and that patients with NSCLC showing amplification and overexpression of p63 have prolonged 
survival. These observations suggest that p63 genomic amplification has an early role in lung 
tumorigenesis and deserves additional evaluation as a biomarker for lung cancer progression. 
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 Bladder cancer is associated with smoking, occupational exposures, and glutathione S-
transferase (GST) M1 and N-acetyltransferase (NAT) 2 polymorphisms that may influence 
carcinogen metabolism, but somatic p53mutations are often CpG dinucleotide G:C-A:T transitions 
that can occur spontaneously. We conducted a case-control study to determine whether 
p53mutation characteristics might distinguish cases with environmental versus endogenous 
causes. p53exons 4-9 were amplified from 146 bladder tumors by PCR, screened by single-
strand conformational polymorphism analysis, and sequenced. Thirty-one cases were p53-
positive, and 112 were p53-negative (germ line or silent). G:C-A:T transitions were also 



subclassified as CpG or non-CpG. Cases and 215 clinic controls were interviewed. GSTM1, 
NAT1, and NAT2 polymorphisms were assayed from peripheral blood. Odds ratios (ORs) and 
95% confidence intervals (CIs) were estimated using logistic and polytomous regression. Case-
control ORs for smoking, occupations, and NAT1*10genotype were similar for p53-positive and 
p53-negative cases. Associations with GSTM1-null and NAT2-slow genotypes were somewhat 
stronger for p53-positive [OR, 3.3; CI, 1.4-7.8 (GSTM1 null); OR, 1.8; CI, 0.8-4.0 (NAT2 slow)] 
than p53-negative cases [OR, 1.5; CI:0.9-2.3 (GSTM1 null); OR, 0.9; CI, 0.6-1.4 (NAT2 slow)]. 
Smoking was strongly associated with CpG G:C-A:T (OR, 15.3; CI:3.6-65) versus other G:C-A:T 
(OR, 1.8; CI, 0.3-9.8). NAT2 slow genotypes were also associated with CpG G:C-A:T (OR, 6.2; 
CI:0.7-52), whereas GSTM1 null was associated with non-CpG G:C-A:T (OR, 7.8; CI, 0.9-65). 
Associations were not substantially different for case subtypes defined by p53mutation status 
alone. Estimates for p53 subtypes were imprecise but support in vitro evidence that some CpG 
G:C-A:T transitions may be caused by smoking and other environmental mutagens. 
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 Tumor growth and progression are critically controlled by alterations in the microenvironment 
often caused by an aberrant expression of growth factors and receptors. We demonstrated 
previously that tumor progression in patients and in the experimental HaCaT tumor model for skin 
squamous cell carcinomas is associated with a constitutive neoexpression of the hematopoietic 
growth factors granulocyte colony-stimulating factor (G-CSF) and granulocyte-macrophage 
colony-stimulating factor (GM-CSF), causing an autocrine stimulation of tumor cell proliferation 
and migration in vitro. To analyze the critical contribution of both factors to tumor progression, G-
CSF or GM-CSF was stably transfected in factor-negative benign tumor cells. Forced expression 
of GM-CSF resulted in invasive growth and enhanced tumor cell proliferation in a three-
dimensional culture model in vitro, yet tumor growth in vivo remained only transient. Constitutive 
expression of G-CSF, however, caused a shift from benign to malignant and strongly angiogenic 
tumors. Moreover, cells recultured from G-CSF-transfected tumors exhibited enhanced tumor 
aggressiveness upon reinjection, i.e., earlier onset and faster tumor expansion. Remarkably, this 
further step in tumor progression was again associated with the constitutive expression of GM-
CSF strongly indicating a synergistic action of both factors. Additionally, expression of GM-CSF in 
the transfected tumors mediated an earlier recruitment of granulocytes and macrophages to the 
tumor site, and expression of G-CSF induced an enhanced and persistent angiogenesis and 
increased the number of granulocytes and macrophages in the tumor vicinity. Thus both factors 
directly stimulate tumor cell growth and, by modulating the tumor stroma, induce a 
microenvironment that promotes tumor progression. 
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 Deletion of the distal short arm of chromosome 1 occurs in 35% of primary neuroblastomas 
(NBs). These deletions tend to be large and extend to the telomere, but a common region within 
sub-band 1p36.3 is consistently lost. Despite intensive investigation, no candidate tumor 
suppressor gene within this region has been shown to undergo tumor-specific mutation consistent 
with biallelic inactivation. In addition, initial studies demonstrated preferential loss of the 
maternally inherited 1p homologue in NBs with 1p loss of heterozygosity (LOH) without MYCN 



amplification. This has led to the widely accepted hypothesis that a genomically imprinted NB 
suppressor gene is the target of 1p deletion in this subset. To test this hypothesis we have 
studied 293 primary NBs for LOH within 1p36.3 and determined the parental origin of the deleted 
1p homologue. LOH within 1p36.3 was demonstrated in 55 NBs (19%). Of these, 29 occurred in 
tumors without MYCN amplification: 13 had deletion of the maternally inherited 1p, whereas 16 
had deletion of the paternally inherited 1p (P = 0.58). These data strongly refute a parent-of-origin 
effect for 1p deletions in NB and exclude the existence of an imprinted NB suppressor locus in 
this region. 
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 CWR22 has been a valuable xenograft model for the study of prostate cancer progression from 
an androgen-dependent tumor to one that grows in castrated animals. Herein, we report the 
identification and characterization of a novel androgen receptor (AR) mutation occurring in a 
relapsed tumor (CWR22R-2152) and in the CWR22Rv1 cell line established from it. The mutation 
was not detected in the original, hormone-dependent CWR22 xenograft, indicating that this 
change occurred during the progression to androgen independence. It is characterized by an in-
frame tandem duplication of exon 3 that encodes the second zinc finger of the AR DNA-binding 
domain. Accordingly, immunoblot analyses demonstrated the expression of an AR species having 
an approximately 5-kDa increase in size relative to the LNCaP AR. This was accompanied by a 
COOH-terminally truncated AR species migrating with a relative mass of 75-80 kDa, referred to 
as AR{Delta}LBD because it lacks the ligand-binding domain. By recreating the exon 3 
duplication mutation in a wild-type AR expression construct, the generation of AR{Delta}LBD 
could be recapitulated. Whereas AR{Delta}LBD exhibited constitutive nuclear localization and 
DNA binding, these functions in the full-length AR remained androgen dependent. The 
CWR22Rv1 AR repertoire displayed dose-dependent, androgen-responsive transcriptional 
transactivation in reporter assays, albeit to a lesser extent in comparison with LNCaP. This cell 
line also expressed low levels of prostate-specific antigen mRNA and did not express or secrete 
detectable levels of prostate-specific antigen protein in androgen-depleted medium or in response 
to physiological androgenic stimulation. In summary, the CWR22Rv1 cell line displays both 
androgen-responsive and androgen-insensitive features due, at least in part, to a novel 
insertional mutation of the AR. 
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 Recent studies showed that SV40 is detected in >40% of non-Hodgkin's lymphoma (NHL) in 
United States, suggesting SV40-contaminated poliovaccines widely used during the period 1955-
1963 to be a major source of SV40 in NHL. We examined the presence of SV40 sequences in 
122 cases with NHL and 3 with Hodgkin's lymphoma from Japan. The detection rate of SV40 
sequences in diffuse large B-cell lymphoma (19%) was higher than that in peripheral blood cells 
of normal healthy volunteers in Japan (4.7%; P < 0.05) reported previously as controls for 
comparison with the study results from cancer patients, suggesting a role for SV40 in the 
development of diffuse large B-cell lymphoma. In contrast, the frequency of SV40 sequences in 
NHL cases born between 1951 and 1963 (12%), during which SV40-contaminated poliovaccines 
might have been inoculated, is not significantly different from that in cases born before 1950 
(11%) or after 1964 (15%). SV40 is a new candidate etiologic factor for malignant lymphoma not 



only in the United States but also in Japan. 
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 Deletions found in several types of human tumor, including carcinomas of the colorectum, breast, 
and lung, suggest the presence of a potential tumor suppressor gene(s) on chromosome 15. 
Common regions of deletion in these tumors are at 15q15 and 15q21. Here, we have analyzed 
loss of heterozygosity (LOH) on chromosome 15 to ascertain its potential involvement in the 
development and progression of transitional cell carcinoma (TCC) of the bladder. A panel of 26 
polymorphic markers, spanning 15q12-15q22, were used to map regions of LOH in 51 TCCs. 
LOH was found for at least one marker in the region 15q14-15q15.3 in 20 of 51 (39%) tumors. 
Deletion mapping defined two minimum regions of deletion: a distal region between the markers 
D15S514 and D15S537 at 15q15.1-15q15.3 (estimated as 3 Mb) and a more proximal region 
between the markers D15S971 and D15S1042 at 15q14 (estimated as 1.1 Mb). Analysis of a 
panel of 33 bladder tumor cell lines revealed regions of contiguous homozygosity for markers in 
15q15, indicating likely LOH. Fluorescence in situ hybridization analysis demonstrated that mitotic 
recombination is the predicted mechanism of LOH in two of these. These regions of LOH on 15q 
may contain tumor suppressor genes the loss or inactivation of which is associated with TCC 
development. The DNA repair gene RAD51 at 15q15.1 represents a candidate 15q tumor 
suppressor gene. Expression analysis of rad51 protein in tumor cell lines revealed variable levels 
of expression but no significant loss of expression in cell lines with likely 15q LOH. 
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 Recent studies show that antagonists of growth hormone-releasing hormone (GH-RH) inhibit 
proliferation of various cancers indirectly through blockage of the endocrine GH-insulin-like 
growth factor (IGF) I axis and directly by an action on tumor cells involving the suppression of 
autocrine/paracrine IGF-I, IGF-II, or GH-RH. The effectiveness of therapy with GH-RH antagonist 
JV-1-38 and its mechanisms of action were investigated in NCI-H838 non-small cell lung 
carcinoma (NSCLC) xenografted s.c. into nude mice and in vitro. Treatment with GH-RH 
antagonist JV-1-38 significantly (P < 0.05-0.001) inhibited tumor growth as demonstrated by a 
58% decrease in final tumor volume, 54% reduction in tumor weight, and the extension of tumor-
doubling time from 8.5 {+/-} 1.38 to 12 {+/-} 1.07 days as compared with controls. Using ligand 
competition assays with 125I-labeled GH-RH antagonist JV-1-42, specific high-affinity binding 
sites for GH-RH were found on tumor membranes. Reverse transcription-PCR revealed the 
expression of mRNA for GH-RH and splice variant 1 (SV1) of GH-RH receptor in H838 tumors. 
Reverse transcription-PCR analysis also demonstrated that H838 tumors express IGF-I and IGF-I 
receptors. Tumoral concentration of IGF-I and its mRNA expression were significantly decreased 
by 25% (P = 0.05) and 65% (P < 0.001), respectively, in animals receiving JV-1-38, whereas 
serum IGF-I levels remained unchanged. In vitro studies showed that H838 cells secreted GH-RH 
and IGF-I into the medium. The growth of tumor cells in vitro was stimulated by IGF-I and 
inhibited by GH-RH antagonist JV-1-38 and a GH-RH antiserum. Our results extend the findings 
on the involvement of IGF-I in NSCLC and suggest that GH-RH may be an autocrine growth 
factor for H838 NSCLC. The antitumorigenic action of GH-RH antagonists could be partly direct 
and mediated by SV1 of tumoral GH-RH receptors. The finding of GH-RH and SV1 of GH-RH 
receptors in NSCLC provides a new approach to the treatment of this malignancy based on the 



use of antagonistic analogues of GH-RH. 
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 Hepatocellular carcinoma (HCC) is one of the most common fatal cancers in the world. However, 
the underlying molecular mechanisms contributing to hepatocarcinogenesis are still unclear. A 
putative tumor suppressor gene, namely DLC-1 (frequently deleted in liver cancer) was identified 
and mapped at chromosome 8p21.3-22, a recurrently deleted region in human cancers. The gene 
exerts inhibitory effects on the cell proliferation of HCC cells. In this study, we investigated the 
biological function, and genetic and epigenetic status of this gene in human HCC. With in vitro 
GTPase activating proteins activity assay, we established that DLC-1 protein was a GTPase-
activating protein specific for RhoA and Cdc42. Deletion of the DLC-1 gene was frequent in 
human HCC, as revealed by loss of heterozygosity analysis performed on 100 human HCC cases 
with markers mapped at the DLC-1 locus, and allelic losses ranging from 44% to 50% of the 
informative cases. However, somatic mutations of the DLC-1 gene were rare. Moreover, with 
real-time quantitative PCR, we found that DLC-1 mRNA was significantly underexpressed in 
HCCs when compared with the corresponding nontumorous livers (P < 0.0001). In addition, the 
CpG island 5' to the DLC-1 gene was methylated in 3 of 7 HCC cell lines and in 6 (24%) of 25 
primary HCCs. These data suggest that transcriptional silencing by hypermethylation may 
contribute to the inactivation of the DLC-1 gene. Taken together, the results of our study suggest 
that both genetic and epigenetic alterations play an important role in inactivation of the DLC-1 
gene in hepatocarcinogenesis. 
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 Alterations in histones, chromatin-related proteins, and DNA methylation contribute to 
transcriptional silencing in cancer, but the sequence of these molecular events is not well 
understood. Here we demonstrate that on disruption of estrogen receptor (ER) {alpha} signaling 
by small interfering RNA, polycomb repressors and histone deacetylases are recruited to initiate 
stable repression of the progesterone receptor (PR) gene, a known ER{alpha} target, in breast 
cancer cells. The event is accompanied by acquired DNA methylation of the PR promoter, leaving 
a stable mark that can be inherited by cancer cell progeny. Reestablishing ER{alpha} signaling 
alone was not sufficient to reactivate the PR gene; reactivation of the PR gene also requires DNA 
demethylation. Methylation microarray analysis further showed that progressive DNA methylation 
occurs in multiple ER{alpha} targets in breast cancer genomes. The results imply, for the first 
time, the significance of epigenetic regulation on ER{alpha} target genes, providing new direction 
for research in this classical signaling pathway. 
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 In this study, we have evaluated 11 pancreatic tumor cell lines and tumor cells from surgical 
samples of patients with pancreatic adenocarcinoma for expression of the chemokine receptor 
CXCR4. Six of 11 cell lines expressed detectable mRNA of CXCR4, with three cell lines (AsPC1, 
Capan1, and Hs766T) having substantial amounts of transcripts. Expression was higher in lines 
derived from metastatic lesions compared with those derived from primary tumors. Different 
inflammatory cytokines did not modify expression, whereas IFN-{gamma} down-regulated and 
hypoxia up-regulated CXCR4 transcripts. Transcript expression was associated with surface 
expression in pancreatic carcinoma cell lines. All surgical carcinoma samples tested expressed 
higher levels of CXCR4 than normal pancreatic ducts, which were used as reference tissue. The 
chemokine CXCL12 induced chemotaxis in CXCR4-positive pancreatic carcinoma cell lines, 
which was inhibited by anti-CXCR4 monoclonal antibody and by the antagonist AMD3100. 
Transendothelial migration, Matrigel invasion, and activation of matrix metalloproteases were also 
enhanced by CXCL12. In CXCR4-positive cell lines, CXCL12 stimulated cell proliferation. The cell 
line Hs766T produces high levels of CXCL12, and addition of the CXCR4 antagonist AMD3100 
partially inhibited proliferation, indicating an autocrine loop. Moreover, the addition of exogenous 
CXCL12 inhibited apoptosis induced by serum starvation. These results indicate that the CXCR4 
receptor is frequently expressed in metastatic pancreatic tumor cells. CXCR4 not only stimulates 
cell motility and invasion but also promotes survival and proliferation. Strategies to target CXCR4 
expressed on tumor cells may be of benefit in patients with pancreatic cancer. 

 

Qiuping, Z., L. Qun, et al. (2003). "Selectively Increased Expression and Functions of Chemokine 
Receptor CCR9 on CD4+ T Cells from Patients with T-Cell Lineage Acute Lymphocytic 
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 In a total of 38 typical T-cell lineage acute lymphocytic leukemia (T-ALL) and T-cell lineage 
chronic lymphocytic leukemia (T-CLL) cases investigated, we found that CC chemokine receptor 
CCR9 was selectively and frequently expressed on T-ALL CD4+ T cells, was moderately 
expressed on T-CLL CD4+ T cells, and was rarely expressed on normal CD4+ T cells. These 
findings were demonstrated at protein and mRNA levels using flow cytometry and real-time 
quantitative reverse transcription-PCR technique and were verified by digital confocal microscopy 
and Northern blotting. Thymus-expressed chemokine, a ligand for CCR9, selectively induced T-
ALL CD4+ T-cell chemotaxis and adhesion. Interleukin (IL)-2 and IL-4, together, down-regulated 
the expression and functions of CCR9 in T-ALL CD4+ T cells including chemotaxis and adhesion. 
It was also demonstrated that IL-2 and IL-4, together, internalized CCR9 on T-ALL CD4+ T cells 
and subsequently inhibited functions of CCR9 in these cells. Thymus-expressed chemokine 
mRNA was highly expressed in CD4+ T cells, involving lymph node and skin in T-ALL patients, 
and was expressed at moderate levels in lymph node and skin tissues in T-CLL patients. Our 
findings may provide new clues to understanding various aspects of T-ALL CD4+ T cells, such as 
functional expression of CCR9-thymus-expressed chemokine receptor-ligand pairs as well as the 
effects of IL-2 and IL-4, which may be especially important in cytokine/chemokine environment for 
the pathophysiological events of T-ALL CD4+ T-cell trafficking. 
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 Aberrant DNA methylation of promoter CpG islands is associated with transcriptionally repressive 
heterochromatin in neoplasia. The dynamics of this epigenetic process in mediating the transition 
from an active to an inactive state of transcription remains to be elucidated, however. Here, we 



used the methylation-specific oligonucleotide microarray to map the methylation patterns of a 
CpG island, located within the promoter and the first exon regions of RASSF1A, in normal breast 
tissue controls, primary tumors, and breast cancer cell lines. Oligonucleotide pairs, spaced along 
the CpG island region, were designed to discriminate between methylated and unmethylated 
alleles of selected sites. The methylation-specific oligonucleotide data indicate that the majority of 
test samples show widespread methylation in the first exon of RASSF1A. In contrast, the 
promoter area was usually undermethylated in normal controls and in 32% of the primary tumors 
tested, whereas the rest of the primary tumors and breast cancer cell lines showed various 
degrees of methylation in the region. Methylation profiling of individual tumors further suggest that 
DNA methylation progressively spreads from the first exon into the promoter area of this gene. 
Functional analysis indicates that increased density of RASSF1A promoter methylation is 
associated with altered chromatin, marked by a depletion of acetylated histones and methylated 
histone 3-lysine 4 and an enrichment of methylated histone 3-lysine 9 in the studied area. The 
combination of these epigenetic modifications may engender a stable silencing of the gene in 
breast cancer cells. Thus, this study underscores the importance of detailed mapping of 
methylation patterns within a CpG island locus that may provide insights into the progressive 
nature of aberrant DNA methylation and its relationship with transcriptional silencing during the 
neoplastic process. 
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 Ferredoxin reductase (FDXR) is a putative contributor to TP53-mediated apoptosis from 5-
fluorouracil chemotherapy through the generation of oxidative stress. With TaqMan real-time 
quantitative reverse transcription-PCR, this study established a significant difference in FDXR 
relative RNA expression level between tumor (median, 212.9 units) and normal tissues (median, 
113.8 units) from 51 colorectal cancer patients (P < 0.001). Seven single nucleotide 
polymorphisms (SNPs) in the FDXR gene were discovered, with no significant difference in 
variant allele frequency between colon tumor and normal tissues (P > 0.05), and the common 
haplotypes for FDXR were not different between colon tumor and normal samples. No correlation 
was observed between FDXR genotype and RNA expression implying that the polymorphisms 
described in this study are not regulating FDXR expression in colon cancer. This genomic 
characterization provides the foundation for pharmacogenetic analysis of the impact of FDXR on 
chemotherapy for colorectal cancer. 
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 Of 14 chemokine receptors investigated, only CXCR4 was expressed on ovarian cancer cells [C. 
J. Scotton et al., Cancer Res., 61: 4961-4965, 2001]. To further understand the role of this 
chemokine receptor in ovarian tumor biology, we studied the action of its ligand, CXCL12 (stromal 
cell-derived factor 1), on the CXCR4-expressing ovarian cancer cell lines IGROV. Ligand 
stimulation of the CXCR4 receptor resulted in sustained activation of Akt/protein kinase B and 
biphasic phosphorylation of p44/42 mitogen-activated protein kinase in IGROV. When IGROV 
cells were cultured under suboptimal conditions, CXCL12 stimulated their in vitro growth, an 
effect that was abrogated by neutralizing antibodies to CXCR4. This increase in cell number was 
attributable to stimulation of DNA synthesis, not protection from apoptosis. CXCL12 treatment of 
IGROV cells also induced mRNA and protein for tumor necrosis factor {alpha}, a cytokine that is 



expressed by tumor cells in ovarian cancer biopsies. IGROV cells invaded through Matrigel 
toward a CXCL12 gradient. Invasion was abrogated by the broad spectrum matrix 
metalloproteinase and TNF{alpha} converting enzyme inhibitor Marimastat and was partially 
inhibited by neutralizing antitumor necrosis factor {alpha} antibodies. These effects were not 
limited to the IGROV cell line. They could also be demonstrated in the CAOV-3 ovarian cancer 
cell line and primary ovarian tumor cells isolated from ovarian ascites. These biological effects of 
CXCL12 on IGROV cells were also inhibited by the small molecular weight CXCR4 antagonist 
AMD3100. Finally, we found abundant intracellular CXCL12 protein in tumor cells in 15 of 18 
ovarian cancer biopsies but not in epithelial cells from normal ovary or borderline disease. The 
chemokine CXCL12 may have multiple biological effects in ovarian cancer, stimulating cell 
migration and invasion through extracellular matrix, as well as DNA synthesis and establishment 
of a cytokine network in situations that are suboptimal for tumor cell growth. 

 

Athar, M., C. Li, et al. (2004). "Inhibition of Smoothened Signaling Prevents Ultraviolet B-Induced Basal 
Cell Carcinomas through Regulation of Fas Expression and Apoptosis." Cancer Res. 64(20): 
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 Abnormal activation of the hedgehog-signaling pathway is the pivotal abnormality driving the 
growth of basal cell carcinomas (BCCs), the most common type of human cancer. Antagonists of 
this pathway such as cyclopamine may therefore be useful for treatment of basal cell carcinomas 
and other hedgehog-driven tumors. We report here that chronic oral administration of 
cyclopamine dramatically reduces ([~]66%) UVBinduced basal cell carcinoma formation in 
Ptch1+/- mice. Fas expression is low in human and murine basal cell carcinomas but is up-
regulated in the presence of the smoothened (SMO) antagonist, cyclopamine, both in vitro in the 
mouse basal cell carcinoma cell line ASZ001 and in vivo after acute treatment of mice with basal 
cell carcinomas. This parallels an elevated rate of apoptosis. Conversely, expression of activated 
SMO in C3H10T1/2 cells inhibits Fas expression. Fas/Fas ligand interactions are necessary for 
cyclopamine-mediated apoptosis in these cells, a process involving caspase-8 activation. Our 
data provide strong evidence that cyclopamine and perhaps other SMO antagonists are potent in 
vivo inhibitors of UVB-induced basal cell carcinomas in Ptch1+/- mice and likely in humans 
because the majority of human basal cell carcinomas manifest mutations in PTCH1 and that a 
major mechanism of their inhibitory effect is through up-regulation of Fas, which augments 
apoptosis. 
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 Clusterin is a widely expressed glycoprotein that has been paradoxically observed to have both 
pro- and antiapoptotic functions. Recent reports suggest this apparent dichotomy of function may 
be related to two different isoforms, one secreted and cytoplasmic, the other nuclear. To clarify 
the functional role of clusterin in regulating apoptosis, we examined its expression in human colon 
cancer tissues and in human colon cancer cell lines. We additionally explored its expression and 
activity using models of adenomatous polyposis coli (APC)- and chemotherapy-induced 
apoptosis. Clusterin RNA and protein levels were decreased in colon cancer tissues largely 
devoid of wild-type APC when compared with matched normal tissue controls, suggesting a 
means for invasive cancers to avoid apoptosis. Conversely, induction of apoptosis by expression 
of wild-type APC or by treatment with chemotherapy led to increased clusterin RNA and protein 
levels localizing to apoptotic nuclei. We found that transient transfection of clusterin to colon 



cancer cell lines directly enhanced basal and chemotherapy-induced apoptosis. Clusterin-induced 
apoptosis was inhibited by antisense clusterin and was found to be highly dependent on p21 but 
not p53 expression, yet a deficit in p21 can be subverted by clusterin transfection. Collectively, 
these data support the hypothesis that nuclear clusterin function is proapoptotic when induced by 
APC or chemotherapy in the context of p21 expression. Absent of p21, clusterin in not induced, 
and apoptosis is significantly inhibited. These data support a potential therapeutic role for 
clusterin in enhancing chemotherapy-induced apoptosis and in promoting apoptosis in cells 
deficient in p21. 
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 Flotillin 2 (flot-2) is a highly conserved protein isolated from caveolae/lipid raft domains that tether 
growth factor receptors linked to signal transduction pathways. Flot-2 protein and mRNA were 
increased in tumorigenic and metastatic melanoma cell lines in vitro, and the immunostaining 
intensity increased substantially across a tissue array of melanocytic lesions. Flot-2 transfection 
transformed SB2 melanoma cells from nontumorigenic, nonmetastatic to highly tumorigenic and 
metastatic in a nude mouse xenograft model. SB2 cells stably transfected with the flot-2 cDNA 
(SB2-flot)-2 cells proliferated faster in the absence of serum, and their migration through Matrigel 
was additionally enhanced by thrombin. When SB2-flot-2 cells were compared with SB2-vector-
control cells on a cancer gene pathway array, SB2-flot-2 cells had increased expression of 
protease activated receptor 1 (PAR-1) mRNA, a transmembrane, G-protein-coupled receptor 
involved in melanoma progression. PAR-1 and flot-2 were coimmunoprecipitated from SB2-flot-2 
cells. Up-regulation of PAR-1 was additionally confirmed in SB2-flot-2 cells and melanoma cell 
lines. SB2-flot-2 cells transfected with flot-2-specific small-interfering RNAs made substantially 
less flot-2 and PAR-1 mRNA. In conclusion, flot-2 overexpression is associated with melanoma 
progression, with increased PAR-1 expression, and with transformation of SB2 melanoma cells to 
a highly metastatic line. Flot-2 binds to PAR-1, a known upstream mediator of major signal 
transduction pathways implicated in cell growth and metastasis, and may thereby influence tumor 
progression. 

 

Illmer, T., U. S. Schuler, et al. (2002). "MDR1 Gene Polymorphisms Affect Therapy Outcome in Acute 
Myeloid Leukemia Patients." Cancer Res. 62(17): 4955-4962. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/62/17/4955  

 Allelic variants of the MDR-1 gene have been shown recently to influence protein expression and 
P-glycoprotein (P-gp) function in healthy volunteers. Therefore, 405 acute myeloid leukemia 
patients were investigated for somatic genotypes of the three most frequent single nucleotide 
polymorphisms (SNPs) in exons 12, 21, and 26. In all three loci, homozygous wild-type alleles 
were classified as genotype A, heterozygous as B, and homozygous mutant (alternative) allele as 
C. Patients with the C genotype in exons 12 and 26 showed a lower median age (both P < 0.05). 
Additionally, the C genotype in exons 12 and 26 was associated with cytogenetic poor risk 
aberrations (both P < 0.05). A possible regulatory impact of the SNPs on MDR1 mRNA 
expression was investigated by a Real time-PCR assay. MDR1 expression was strongly 
correlated with a decreased complete remission rate (P = 0.01) but failed to predict decreased 
overall survival (OS). There was a significant association of the A genotype in exons 21 (P = 
0.05) and 26 (P < 0.05) with lower MDR1 expression, whereas the B variants showed highest 
MDR1 values at all three investigated gene loci. The A genotype in exon 26 was associated with 



lower OS (P < 0,01). In these patients, worse OS is likely attributable to an increased risk of 
relapse (P < 0.001). We were able to detect a linkage disequilibrium of the investigated SNPs, 
indicating combined polymorphisms that could affect the regulation of MDR1 expression. The A 
genotype of all SNPs demonstrated both lowest MDR1 values and significantly decreased OS (P 
< 0.05) with a high probability of relapses (P < 0.01). These observations indicate that allelic 
variants of the MDR1 gene may influence therapy outcome by additional mechanisms, different 
from P-gp expression on acute myeloid leukemia blasts, possibly involving pharmacokinetic 
effects of P-gp. 
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 To clarify modes of silencing of p16 and their concerns to the development and progression of 
esophageal squamous cell carcinomas (ESCCs), we examined immunoreactivity of p16, loss of 
heterozygosity (LOH) at six microsatellite loci in 9p13-22, and the methylation status of the p16 
promoter in 42 cases of the ESCC at various stages. The samples taken from step sections in 
and around the tumors were examined to map heterogeneity of those changes. Thereby at least 
one focus of dysplasia was detected in each case. No immunoexpression of p16 was detected in 
the ESCCs of 38 cases (90.5%) and in dysplasias of 34 cases (81%), whereas the histologically 
normal epithelia adjacent to the ESCC showed the p16 expression even in the presence of p16 
methylation. Of the ESCCs/dysplasias without p16 expression (38/34), 16/0 showed both p16 
methylation and LOH at the near-p16 loci (+/+), 14/30 did only methylation (+/-) and 8/4 did only 
LOH (-/+). The presence of LOH with/without homozygous deletion (HD) at the near-p16 loci 
correlated with the advanced tumor stages (P < 0.001). The mapping of +/+ cases indicated that 
the +/+ carcinomas were included in the +/- carcinomas, which were, in turn, surrounded by the 
+/- dysplasias and/or by the +/- normal-looking epithelia, whereas the -/+ dysplasias were always 
accompanied by the -/+ carcinomas. These results suggest that the mode of p16 silencing either 
through methylation or through LOH and possible mutation is determined in each patient before 
the occurrence of ESCCs and dysplasia. The mapping of HD and p16 expression suggest that 
the HD is a later event than the p16 silencing. 
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 Multiple myeloma (MM) is an incurable B-cell malignancy able to mediate massive destruction of 
the axial skeleton. The aim of this study was to examine the involvement of the tumor necrosis 
factor-ligand family member, receptor activator of nuclear factor-{kappa}B ligand (RANKL), and its 
naturally occurring antagonist, osteoprotegerin (OPG), in MM biology. Using flow cytometry and 
two independent anti-RANKL antibodies, we demonstrate RANKL expression in CD38+++CD45+ 
and CD38+++CD45- myeloma plasma cell (MPC) subpopulations derived from patients with 
osteolytic MM. In addition, highly purified subpopulations of MPC express mRNA for both 
transmembrane and soluble RANKL isoforms but lack expression of OPG mRNA and protein. We 
also show that RANKL expressed by MPC is functional as in vitro coculture of CD38+++CD45+ 
and CD38+++CD45- MPC subpopulations with peripheral blood mononuclear cells resulted in the 
formation of multinucleate, tartrate-resistant acid phosphatase-positive osteoclasts-like cells 
capable of forming typical resorption pits. Furthermore, high expression of membrane-associated 
RANKL by CD38+++ MPC correlated with the presence of multiple radiological bone lesions in 



individuals with MM. Together, our data strongly suggest that RANKL expression by MPC confers 
on them the ability to participate directly in the formation of osteoclast in vivo and extends our 
knowledge of the involvement of RANKL and OPG in the osteolysis characteristic of this disease. 
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 Frequent BRAF mutations were reported recently in a variety of human malignancies, including 
colorectal cancer. In this study, we screened 293 colorectal cancers for mutations in exons 11 
and 15, two regions containing hotspots for BRAF mutation. Of the 293 cancers, 170 had normal 
mismatch repair, and 123 had defective mismatch repair (originating from both somatic as well as 
germ-line mutations in several of the mismatch repair genes). A total of 63 exonic mutations 
(22%) were detected, 60 of which were V599E, and one each of D593G, G468E, and D586A. Of 
the tumors with defective mismatch repair, 34% (42 of 123) had a mutation in BRAF, whereas 
only 12% (21 of 170) of tumors with proficient mismatch repair demonstrated a mutation (P < 
0.0001). Interestingly, BRAF mutations were found most often in cases with an hMHL1 
abnormality (35 of 60) and rarely in cases with an hMSH2 abnormality (1 of 39; P < 0.0001). More 
interestingly, of the 31 hMLH1 cases with a BRAF mutation, 30 occurred in tumors known to have 
hypermethylation of hMLH1 promoter. Only 1 of the 15 cases with a germ-line mutation in hMLH1 
had a mutation in BRAF. In this series, BRAF mutations occurred rarely in tumors with defective 
mismatch repair attributable to the presence of germ-line mutation in either hMLH1 or hMSH2. 
Furthermore, BRAF mutations were strongly associated with the epigenetic alteration of hMLH1. 
Overall, these data suggest that BRAF mutations are not a consequence of defective mismatch 
repair per se. 
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 Development of basal cell carcinomas (BCCs) in skin is associated with uncontrolled Sonic 
hedgehog (Shh) signaling, which operates primarily through the Gli family of transcription factors. 
Gli2 is a mediator of physiological Shh signaling in skin and is sufficient to produce BCCs when 
overexpressed by use of a Keratin 5 (K5) promoter. Analysis of Gli protein deletion mutants has 
identified an NH2-terminal transcription repressor domain in Gli2 but not Gli1. To assess the 
potential involvement of the Gli2 repressor domain in skin tumor development, we overexpressed 
the Gli2{Delta}N2 mutant in transgenic mice by use of the K5 promoter. K5-Gli2{Delta}N2 mice 
developed a variety of skin tumors resembling human trichoblastomas, cylindromas, basaloid 
follicular hamartomas, and rarely, BCCs. In striking contrast, K5-Gli2 mice overexpressing wild-
type Gli2 developed only BCCs. Other differences between tumors arising in these two sets of 
transgenic mice included their gross appearance, growth rate, and predilection for specific body 
sites. However, the expression levels of Shh target genes, which reflect the magnitude of Shh 
pathway activation, were not dramatically different. Tumors from K5-Gli2{Delta}N2 mice, unlike 
human or mouse BCCs, gave rise to cell lines that constitutively expressed Shh target genes in 
vitro and were tumorigenic in nude mice. Interestingly, the phenotype of K5-Gli2{Delta}N2 mice 
was strikingly similar to that reported after K5 promoter-driven overexpression of GLI1, which 
lacks an NH2-terminal region homologous to the Gli2 repressor domain. These results 
underscore the qualitative difference in oncogenicity of GLI1 and Gli2 when overexpressed in 
skin, and reveal a previously unanticipated role for the Gli2 NH2 terminus in defining tumor 
phenotype. 
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 Recent studies suggest that genetic polymorphisms of the estrogen receptor-{alpha} (ER-{alpha}) 
gene may be associated with breast cancer risk. To evaluate the role of this gene in the risk of 
breast cancer, we genotyped a newly identified GT dinucleotide repeat [(GT)n] polymorphism 
located in the promoter region (6.6 kb upstream of the transcription start site) in 947 breast 
cancer cases and 993 age frequency-matched community controls from a population-based 
case-control study conducted among Chinese in urban Shanghai. Sixteen alleles were identified, 
the most common one having 16 GT repeats [(GT)16]. Compared with subjects homozygous for 
this allele, subjects carrying the (GT)17 or (GT)18 allele had a decreased risk of breast cancer. 
The odds ratios (ORs) were 0.81 [95% confidence interval (CI), 0.62-1.06] and 0.58 (95% CI, 
0.36-0.94), respectively, for one and two copies of the (GT)17 or (GT)18 allele. The inverse 
association with carrying either of these alleles was stronger among women with >30 years of 
menstrual cycles (OR 0.66; 95% CI 0.51-0.85) than those with a shorter duration of menstrual 
cycles (OR 0.97; 95% CI 0.73-1.27), and the test for an interaction was statistically significant (P 
= 0.04). Among breast cancer patients, the presence of either the (GT)17 or (GT)18 allele was 
associated with a reduced expression of progesterone receptor. Results of this study indicate that 
the GT dinucleotide repeat polymorphism in ER-{alpha} gene promoter region may be a new 
biomarker for genetic susceptibility to breast cancer. 

 

Davidson, E. J., C. M. Boswell, et al. (2003). "Immunological and Clinical Responses in Women with 
Vulval Intraepithelial Neoplasia Vaccinated with a Vaccinia Virus Encoding Human Papillomavirus 
16/18 Oncoproteins." Cancer Res. 63(18): 6032-6041. 

 http://cancerres.aacrjournals.org/cgi/content/abstract/63/18/6032  

 This study assessed the immunological and clinical responses of women with human 
papillomavirus (HPV) 16-associated high-grade vulval intraepithelial neoplasia (VIN) vaccinated 
with TA-HPV, a recombinant vaccinia virus encoding modified HPV 16 and 18 E6 and E7. 
Eighteen women with HPV 16-positive high-grade VIN were vaccinated with TA-HPV. The extent 
of their baseline disease was compared after 24 weeks by lesion measurements and histological 
analysis. Viral load was assessed pre- and postvaccination by real time PCR. Cell-mediated 
immunity to HPV 16 E6 and/or E7 peptides (HLA-A2 epitopes) or vaccinia-infected cell lysates 
was determined by IFN-{gamma} enzyme-linked immunospot (ELISPOT) and T cell proliferation 
using an HPV 16 L2E6E7 fusion protein. Antibodies were measured by ELISA using vaccinia-
infected cell lysates or HPV 16 and 18 E6 and E7 glutathione S-transferase-fusion proteins. 
Lesion-infiltrating CD4+, CD8+, CD1a+, and CD68+ immune cells were assessed by 
immunohistochemistry. The single vaccination with TA-HPV was well tolerated, and all patients 
showed an increased ELISPOT and/or antibody response to vaccinia. There were significant 
differences in HPV-16 E7-specific ELISPOT and L2E6E7 proliferative responses in the patients at 
one or more time points postvaccination as compared with the prevaccination status; two patients 
showed transient increased antibody responses. Overall, 13 women showed an increased HPV 
16-specific immune response by one or more methodologies after immunization. Eight patients 
demonstrated a reduction in lesion diameter of at least 50% and a further four patients showed 
significant symptom relief. Viral load was reduced or cleared in six of eight lesion responders but 
also in six of ten nonresponders. Before vaccination, clinical responders had significantly higher 
levels of lesion-associated CD4+, CD8+, and CD1a+-immune cells than nonresponders. There 
were no differences in CD68 (macrophages) between responders and nonresponders before or 



after vaccination. Nonresponders did show a significant increase in CD4+- and CD8+- but not 
CD1a+-immune cells postvaccination but at lower levels overall than responder patients. Local 
immune infiltration may be a critical factor in potential responsiveness to vaccine therapy in HPV-
associated neoplasia and should be carefully monitored in future placebo-controlled trials of 
immunotherapy for VIN. 
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 Induced chemoresistance leads to the reduction of apoptotic responses. Although several drugs 
are in development that circumvent or decrease existing chemoresistance, none has the potential 
to prevent or reduce its induction. Here, we present data from a drug that could perhaps fill this 
gap. Cotreatment of chemotherapy with (E)-5-(2-bromovinyl)-2'-deoxyuridine (BVDU, RP101) 
prevented the decrease of apoptotic effects during the course of chemotherapy and reduced 
nonspecific toxicity. Amplification of chemoresistance genes (Mdr1 and Dhfr) and overexpression 
of gene products involved in proliferation (DDX1) or DNA repair (UBE2N and APEX) were 
inhibited, whereas activity of NAD(P)H: quinone oxidoreductase 1 (NQO1) was enhanced. During 
recovery, when treatment was with BVDU only, microfilamental proteins were up-regulated, and 
proteins involved in ATP generation or cell survival (STAT3 and JUN-D) were down-regulated. 
That way, in three different rat tumor models, the antitumor efficiency of chemotherapy was 
optimized, and toxic side effects were reduced. Because of these beneficial properties of BVDU, 
a clinical pilot Phase I/II study with five human tumor entities has been started at the University of 
Dresden (Dresden, Germany). So far, no unwanted side effects have been observed. 
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 It has previously been shown that the Copenhagen (COP) rat contains several genetic loci that 
contribute to its mammary tumor-resistant phenotype after 7,12-dimethylbenz(a)anthracene 
(DMBA) administration. One of these loci, mammary carcinoma susceptibility 1 (Mcs1), is located 
on the centromeric end of chromosome 2 and appears to act in a semidominant fashion. To 
confirm the existence and independent action of this locus and also aid in the identification of the 
physical location of the Mcs1 gene, congenic lines were generated by transferring the Mcs1 COP 
allele onto a Wistar Furth (WF) genetic background. Male carriers were genotyped using 
microsatellite markers spanning 20-30 cM of the Mcs1 locus. One of the congenic lines minimally 
retained the COP allele at D2Mit29 on the centromeric end of chromosome 2 and extended 
distally to D2Rat201. Heterozygous Mcs1 carrier rats were interbred, and the female offspring 
were treated with DMBA. The female rats from the Mcs1 congenic line that carried one or two 
COP alleles of the Mcs1 region had a significantly reduced (65 and 85%, respectively) tumor 
development (P < 0.001) compared with rats carrying zero COP alleles at this locus. A WF.COP-
D2Mit29/D2Rat201 homozygous congenic strain derived at the N10 generation was treated with 
DMBA, and the COP homozygous rats developed 1.5 {+/-} 0.3 carcinomas/rat versus 6.3 {+/-} 0.5 
in WF control rats (P < 0.0001). Fine mapping of this congenic interval using several recombinant 
lines identified three genetic loci within the Mcs1 congenic region that independently supported a 
tumor resistance phenotype. These genetic loci have been termed Mcs1a, Mcs1b, and Mcs1c. In 
rats for which each locus was homozygous for the COP allele, tumor development was reduced 
by [~]60% compared with littermate controls. The identification of these independent loci within 



the Mcs1 COP allele provide a model of the genetic complexity of cancer. 
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 Sp proteins play an important role in angiogenesis and growth of cancer cells, and specificity 
protein 1 (Sp1) has been linked to vascular endothelial growth factor (VEGF) expression in 
pancreatic cancer cells. RNA interference was used to investigate the role of Sp family proteins 
on regulation of VEGF expression and proliferation of Panc-1 pancreatic cancer cells. Using a 
series of constructs containing VEGF promoter inserts, it was initially shown that Sp1 and Sp3 
were required for transactivation, and this was primarily dependent on proximal GC-rich motifs. 
We also showed that Sp4 was expressed in Panc-1 cells, and RNA interference assays 
suggested that Sp4 cooperatively interacted with Sp1 and Sp3 to activate VEGF promoter 
constructs in these cells. However, the relative contributions of Sp proteins to VEGF expression 
were variable among different pancreatic cancer cell lines. Small inhibitory RNAs for Sp3, but not 
Sp1 or Sp4, inhibited phosphorylation of retinoblastoma protein, blocked G0/G1 [-&gt] S-phase 
progression, and up-regulated p27 protein/promoter activity of Panc-1 cells; similar results were 
observed in other pancreatic cancer cells, suggesting that Sp3-dependent growth of pancreatic 
cancer cells is caused by inhibition of p27 expression. 
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 RGS proteins negatively regulate heterotrimeric G protein signaling. Recent reports have shown 
that RGS proteins modulate neuronal, cardiovascular, and lymphocytic activity, yet their role in 
carcinogenesis has not been explored. In an epidemiologic study of 477 bladder cancer patients 
and 446 matched controls, three noncoding single-nucleotide polymorphisms (SNPs) in RGS2 
and RGS6 were each associated with a statistically significant reduction in bladder cancer risk. 
The risk of bladder cancer was reduced by 74% in those individuals with the variant genotype at 
all three SNPs (odds ratio, 0.26; 95% confidence interval, 0.09-0.71). When the SNPs were 
analyzed separately, the RGS6-rs2074647 (C[-&gt]T) polymorphism conferred the greatest 
overall reduction in risk of bladder cancer (odds ratio, 0.66; 95% confidence interval, 0.46-0.95). 
These reductions in risk were more pronounced in ever smokers, suggesting a gene-environment 
interaction. In transfection assays, the RGS6-rs2074647 (C[-&gt]T) polymorphism increased the 
activity of a luciferase-RGS fusion protein by 2.9-fold, suggesting that this SNP is functionally 
significant. Finally, we demonstrate that RGS2 transcripts and several splice variants of RGS6 
are expressed in bladder cancer cells. These data provide the first evidence that RGS proteins 
may be important modulators of cancer risk and validate RGS6 as a target for further study. 
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