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Dominguez, G., J. Carballido, et al. (2002). "p14ARF Promoter Hypermethylation in Plasma DNA as an 
Indicator of Disease Recurrence in Bladder Cancer Patients." Clin. Cancer Res. 8(4): 980-985. 
 http://clincancerres.aacrjournals.org/cgi/content/abstract/8/4/980  

 Purpose: Several genes are reported to be implicated in bladder carcinogenesis, including p53, 
p16INK4a, pRb, erbB-2, Cyclin D1, H-ras, EGFR, and c-myc. Gene alterations in plasma DNA 
identical to those observed within the tumor have been detected in various types of neoplasia. 
Experimental Design: We analyzed loss of heterozygosity in six microsatellite markers (D17S695, 
D17S654, D13S310, TH2, D9S747, and D9S161), p53 and K-ras mutations, and the promoter 
status of p14ARF and p16INK4a in the mononuclear normal blood cells, tumor, and plasma DNA 
of 27 bladder cancer patients. We also studied the distribution of several clinicopathological 
parameters in these patients in regard to molecular alterations. Results: Seventeen (63%) cases 
displayed the same alteration in plasma and tumor DNA (some patients showed more than one 
alteration simultaneously). Plasma p14ARF promoter hypermethylation was associated with the 
presence of multicentric foci (P = 0.03), larger tumors (P = 0.01), and relapse of the disease (P = 
0.03). Plasma loss of heterozygosity was also linked to disease recurrence (P = 0.02). 
Conclusions: The results indicate that p14ARF aberrant promoter methylation could be involved 
in bladder carcinogenesis and that plasma DNA is a potential prognostic marker in urinary 
bladder cancer. 

 

Milliken, D., C. Scotton, et al. (2002). "Analysis of Chemokines and Chemokine Receptor Expression in 
Ovarian Cancer Ascites." Clin. Cancer Res. 8(4): 1108-1114. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/8/4/1108  

 Purpose: Ascitic disease is a common occurrence in human ovarian cancer, but it is unclear how 
the cellular composition of ascitic fluid is determined. Because chemokines can determine host 
cell infiltration in solid ovarian cancer, we assessed CC chemokine protein and CC chemokine 
receptor expression in ovarian cancer ascites. Experimental Design: We used reverse 
transcription-PCR and RNase protection assay to determine CC chemokine and chemokine 
receptor mRNA expression and ELISA to measure CC chemokine protein levels. Flow cytometry 
was used to identify cell populations and their chemokine receptor protein expression. Results: 
mRNA for the CC chemokines CCL2, -3, -4, -5, -8, and -22 was expressed in cell isolates from 
ascites samples, and the corresponding proteins were detected in ascitic fluid. mRNA for CC 
chemokine receptors CCR1, -2a, -2b, -3, -4, -5, and -8 was detected in cells from ascites. 
Fluorescence-activated cell-sorting analysis showed variable numbers of macrophages and 
CD3+ T lymphocytes (predominantly CD4+) within ovarian cancer ascites. CD14+ macrophages 
within ascites consistently expressed protein for CCR1, -2, and -5. CCR1 was expressed by 
>60% of all T cells, but more CD4+ than CD8+ T cells expressed CCR2 and -5. A direct 



correlation was found between the CCL5 concentration and CD3+ T-cell infiltration. Conclusions: 
We conclude that there is a complex chemokine/chemokine receptor network in ovarian cancer 
ascites. However, associations between chemokine receptor expression, chemokine levels, and 
cell counts were limited. 

 

Ngan, R. K. C., T. T. C. Yip, et al. (2002). "Circulating Epstein-Barr Virus DNA in Serum of Patients with 
Lymphoepithelioma-like Carcinoma of the Lung: A Potential Surrogate Marker for Monitoring 
Disease." Clin. Cancer Res. 8(4): 986-994. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/8/4/986  

 Purpose: The purpose of this work was to study the sera of patients with lymphoepithelioma-like 
carcinoma (LELC) of the lung for circulating EBV DNA. Experimental Design: Prospectively 
collected serum samples from five female patients with advanced, inoperable LELC of the lung 
were measured for free circulating EBV DNA using a quantitative PCR technique. EBV-encoded 
small RNA (EBER)-1 was assayed in serial serum samples of three of the five patients, either 
from the start or during the initial phase of chemotherapy/radiotherapy until their terminal event or 
last follow-up. There was only a single-point sample for analysis in the fourth and fifth patients. 
Six other patients with LELC of the lung were also retrospectively identified, and their sera were 
tested for EBER-1 at either the first visit plus the last follow-up visit (n = 2), the first visit only (n = 
2), or the last follow-up visit only (n = 2). Results: Prospectively collected serum samples from 
five patients and retrospectively collected serum samples from two patients who had clinical 
disease at initial serum measurement showed detectable levels of EBER-1. Retrospectively 
collected serum samples from four patients with no clinical disease had negative sera. There is 
consistent correlation between the clinical response to treatment and subsequent clinical course 
of LELC and serum EBER-1 levels in the three prospective patients with longitudinal serum 
monitoring. Conclusions: This study shows for the first time that free EBV DNA can be detected in 
the serum of patients with LELC of the lung and further suggests the feasibility of its use for 
monitoring response to therapy in advanced cases. 

 

Taniguchi, K., P. Yang, et al. (2002). "Polymorphisms in the Promoter Region of the Neutrophil Elastase 
Gene Are Associated with Lung Cancer Development." Clin. Cancer Res. 8(4): 1115-1120. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/8/4/1115  

 Neutrophil elastase (NE) is a powerful serine protease capable of degrading most protein 
components of the extracellular matrix. We hypothesize that this elastase may play a significant 
role in lung cancer development and tested our hypothesis in a study of 348 primary lung cancer 
cases and 299 controls. Analysis of the entire gene using denaturing high performance liquid 
chromatography identified two novel single nucleotide polymorphisms (SNPs) in the promoter 
region: -903 T or G (REP-a) and -741 G or A (REP-b). Allele frequencies of these two SNPs were 
compared between the cases and controls using {chi}2 statistics. The estimated relative risk in 
association with the TT at REP-a or the GG at REP-b was measured by odds ratio. Individuals 
with -903TT or -741GG allele had a 2.3 and 1.4 times higher risk of developing lung cancer than 
those with TG or AA+AG alleles, respectively. The relative risk for the combined effects of both 
high-risk alleles at REP-a and REP-b, i.e., TT-GG type, was 24.8. Functional association of the 
two markers with cancer risk was examined by luciferase activity of the promoter containing 
different SNPs. We demonstrated a 1.9-fold relative luciferase activity in the promoter construct 
with -903T/-741G (T-G) compared with the -903G/-741A (G-A) in A549 human non-small cell lung 
cancer cells, providing evidence that the TT-GG type correlates with a high NE level. In 
conclusion, our findings support an etiological role of NE in lung cancer development. 



 

Zhong, S., M. W. Tang, et al. (2002). "Silencing of GSTP1 Gene by CpG Island DNA Hypermethylation in 
HBV-associated Hepatocellular Carcinomas." Clin. Cancer Res. 8(4): 1087-1092. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/8/4/1087  

 Purpose and Experimental Design: Glutathione S-transferases, enzymes that defend cells 
against damage mediated by oxidant and electrophilic carcinogens, may be critical determinants 
of cancer pathogenesis. In this report, we assess the role of epigenetic silencing of the GSTP1 
gene, a gene encoding the {pi}-class glutathione S-transferase, in the pathogenesis of hepatitis B 
virus (HBV)-associated hepatocellular carcinomas (HCC). The cell lines Hep3B, HepG2, and a 
cohort of 43 HBV-associated HCC tissue specimens and corresponding nontumor tissues were 
subjected to analysis for GSTP1 epigenetic alteration and expression. GSTP1 "CpG" island DNA 
hypermethylation in the liver cell lines, and the tissue specimens were determined by methylation-
specific PCR and correlated with expression of the gene using reverse-transcription PCR, 
immunoblotting, and immunohistochemistry. Results: GSTP1 CpG island DNA hypermethylation 
was detected in 28 of 43 (65.1%) HCC tissues and 4 of 40 (10%) corresponding nontumor 
tissues. GSTP1 protein was absent in those cases showing hypermethylation of the gene. 
Similarly, DNA from Hep3B and HepG2 cell lines displayed complete GSTP1 hypermethylation in 
the CpG island, and they failed to express GSTP1 mRNA and the corresponding protein product. 
Treatment of the cell lines with the DNA methyltransferase inhibitor 5-aza-deoxycytidine reversed 
the hypermethylation, and restored GSTP1 mRNA and polypeptide expression. Conclusions: 
These data indicate that epigenetic silencing of GSTP1 gene expression by CpG island DNA 
hypermethylation is common in human HBV-associated HCC. In addition, somatic GSTP1 
inactivation via CpG island hypermethylation may contribute to the pathogenesis of this 
malignancy. 

 

Girault, I., F. Lerebours, et al. (2003). "Expression Analysis of Estrogen Receptor {alpha} Coregulators in 
Breast Carcinoma: Evidence That NCOR1 Expression Is Predictive of the Response to 
Tamoxifen." Clin. Cancer Res. 9(4): 1259-1266. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/9/4/1259  

 Purpose: Dysregulated expression of steroid receptor transcriptional coactivators and 
corepressors has been implicated in tamoxifen resistance, especially in estrogen receptor (ER) 
{alpha}-positive breast cancer patients. Therefore, expression analysis of these ER{alpha} 
coregulators may identify new predictors of the response to tamoxifen treatment. Experimental 
Design: We measured mRNA levels of 16 coactivator and 11 corepressor genes with a real-time 
quantitative reverse transcription-PCR method in 14 ER{alpha}-positive breast tumors. Three 
selected coactivator genes (TIF2, AIB1, and GCN5L2) and two corepressor genes (NCOR1 and 
MTA1L1) were additionally investigated in a well-characterized series of ER{alpha}-positive 
unilateral invasive primary breast tumors from 99 postmenopausal patients who only received 
tamoxifen as adjuvant hormone therapy after primary surgery. We sought relationships between 
mRNA levels of the coregulators and those of molecular markers, including ER{alpha}, ER{beta}, 
CCND1, and ERBB2. Results: ER{alpha} coregulator expression was unrelated to age, 
histological grade, lymph node status, and macroscopic tumor size. The relationship between 
mRNA expression of the coregulators, and ER{alpha} and {beta} only showed a significant 
positive correlation between GCN5L2 and ER{alpha} (P = 0.015). mRNA levels of CCND1 
correlated with those of all of the coregulators studied (P < 0.05 or trend), whereas ERBB2 
mRNA levels only correlated with AIB1 mRNA levels (P = 0.011). Low NCOR1 expression 
(versus intermediate and high) was associated with significantly shorter relapse-free survival (log-
rank test; P = 0.0076). The prognostic significance of low NCOR1 expression persisted in Cox 
multivariate regression analysis (P = 0.043). Conclusions: These findings point to NCOR1 as a 



promising independent predictor of tamoxifen resistance in patients with ER{alpha}-positive 
breast tumors. 

 

Kuroki, T., F. Trapasso, et al. (2003). "Promoter Hypermethylation of RASSF1A in Esophageal Squamous 
Cell Carcinoma." Clin. Cancer Res. 9(4): 1441-1445. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/9/4/1441  

 Purpose: The RAS association domain family 1A (RASSF1A) gene, a candidate tumor 
suppressor gene, is frequently inactivated by hypermethylation of its promoter region in several 
human cancers. The aim of this study was to evaluate the promoter methylation status of the 
RASSF1A in esophageal squamous cell carcinoma. Experimental Design: We analyzed the 
methylation status of RASSF1A promoter by methylation-specific PCR in 23 esophageal 
squamous cell carcinoma cell lines and 48 primary tumors. Results: Hypermethylation of 
RASSF1A was found in 74% of cell lines and 52% of primary tumors. The presence of 
hypermethylation was statistically associated with loss of RASSF1A mRNA expression in both 
cell lines (P = 0.007) and primary tumors (P = 0.003). There was a statistically significant 
correlation between the presence of hypermethylation and tumor stage (P = 0.009). Conclusions: 
Our findings suggest that epigenetic silencing of RASSF1A gene expression by promoter 
hypermethylation could play an important role in primary esophageal squamous cell 
carcinogenesis. 

 

Shannon, C., J. Kirk, et al. (2003). "Incidence of Microsatellite Instability in Synchronous Tumors of the 
Ovary and Endometrium." Clin. Cancer Res. 9(4): 1387-1392. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/9/4/1387  

 Purpose: Families with hereditary nonpolyposis colorectal cancer (HNPCC) have an increased 
lifetime risk of endometrial (40%) and ovarian (10%) carcinomas. Endometrial and ovarian 
carcinomas from members of these families frequently display a mutator phenotype as manifest 
by high levels of microsatellite instability (MSI-H). Microsatellite instability (MSI) occurs in 17-32% 
of sporadic endometrial carcinomas and 3-17% of sporadic ovarian carcinomas. We 
hypothesized that there might be a higher rate of MSI in tumors from women with synchronous 
primary carcinomas of the ovary and endometrium. Experimental Design: We identified 52 cases 
of synchronous tumors of the ovary and endometrium from the databases of four gynecological 
oncology units. Archival material and clinical data were available on 45 of these patients. We 
examined DNA extracted from ovarian and endometrial tumor tissue for MSI using DNA extracted 
from normal tissue of that patient as a germ-line DNA control. MSI was assessed using a panel of 
five standard microsatellite markers: D2S123, D5S346, D17S250, BAT25, and BAT26. MSI-H 
was defined by more than two markers being positive. Low-level MSI (MSI-L) was defined as one 
or two markers positive and microsatellite stable (MSS) was defined as no markers positive. 
Results: The 45 patients had a median age at diagnosis of 53 years. Of a total of 134 samples 
analyzed, only three samples (3.3%) were MSI-H. No patient had high levels of MSI in both 
ovarian and endometrial tumors. One ovarian carcinoma had five of five markers positive with the 
corresponding endometrial carcinoma being MSI-L. Two endometrial carcinomas were MSI-H, 
and the corresponding ovarian carcinomas were MSI-L and MSS, respectively. Seven ovarian 
tumors and seven endometrial tumors were MSI-L. The majority of patients had early-stage 
ovarian carcinoma [International Federation of Gynecology and Obstetrics (FIGO) stage I, 44.4%; 
stage II, 26.7%; and stage III, 26.6%]. Eighty-two % of the endometrial primaries were FIGO 
stage I. Progression-free survival was significantly better for patients with synchronous primaries 
than those presenting with ovarian carcinoma alone [adjusted hazards ratio, 1.94; P = 0.023; 95% 
confidence interval, 1.096-3.44]. Conclusion: Synchronous primary carcinomas of the ovary and 



endometrium are unlikely to be part of the HNPCC syndrome unless the family history is in 
keeping with the modified Amsterdam criteria. 

 

Takeuchi, H., A. Bilchik, et al. (2003). "c-MET Expression Level in Primary Colon Cancer: A Predictor of 
Tumor Invasion and Lymph Node Metastases." Clin. Cancer Res. 9(4): 1480-1488. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/9/4/1480  

 Purpose: Both c-MET and vascular endothelial growth factor (VEGF)-C expression are important 
factors in primary carcinoma progression. We hypothesized that overexpression of c-MET and/or 
VEGF-C mRNA in primary colorectal cancer (CRC) can predict tumor invasion and regional 
metastasis. Experimental Design: The level of c-MET and VEGF-C mRNA expression was 
assessed using a quantitative RT-RealTime PCR assay on early stage primary CRC tumors (n = 
36). Results: The c-MET mRNA copy number ranged from 1.18 x 102 to 1.11 x 106 copies 
(median 5.17 x 104) per 250 ng of RNA from CRC specimens. c-MET mRNA copies in CRC 
specimens was significantly higher than that from normal colon mucosal epithelium (P = 0.0001). 
c-MET mRNA copies significantly correlated with the depth of invasion: T1 versus T2, P = 0.007; 
T1 versus T3/T4, P = 0.0001; T1 versus T2 versus T3/T4, P = 0.0005; and T1/T2 versus T3/T4, P 
= 0.011. c-MET copy number in primary CRC of N1/N2 staged patients was significantly higher 
than N0 cases (P < 0.03). Expression levels of c-MET mRNA were verified with 
immunohistochemistry analysis of c-MET protein expression in CRC specimens and normal 
mucosal epithelium. The VEGF-C mRNA copies of primary CRC assessed ranged from 0 to 1.65 
x 105 copies (median 580). Although VEGF-C mRNA copies in CRC primary tumors were 
significantly higher than normal colon mucosal epithelium (P = 0.0008), it did not correlate with 
any major clinicopathological parameters of CRC. Conclusions: This study indicates c-MET 
mRNA overexpression in primary CRC may be an important prognostic marker for early stage 
invasion and regional disease metastasis. 

 

Kuroki, T., S. Yendamuri, et al. (2004). "The Tumor Suppressor Gene WWOX at FRA16D Is Involved in 
Pancreatic Carcinogenesis." Clin. Cancer Res. 10(7): 2459-2465. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/7/2459  

 Purpose: WWOX (WW domain containing oxidoreductase) is a tumor suppressor gene that maps 
to the common fragile site FRA16D. We showed previously that WWOX is frequently altered in 
human lung and esophageal cancers. The purpose of this study was to delineate more precisely 
the role of WWOX in pancreatic carcinogenesis. Experimental Design: We analyzed 15 paired 
pancreatic adenocarcinoma samples and 9 pancreatic cancer cell lines for WWOX alterations. 
Colony assay and cell cycle analysis were also performed to evaluate the role of the WWOX as a 
tumor suppressor gene. Results: Loss of heterozygosity at the WWOX locus was observed in 4 
primary tumors (27%). Methylation analysis showed that site-specific promoter hypermethylation 
was detected in 2 cell lines (22%) and treatment with the demethylating agent 5-aza-2'-
deoxycytidine demonstrated an increase in the expression of WWOX. In addition, 2 primary tumor 
samples (13%) showed promoter hypermethylation including the position of site-specific 
methylation. Transcripts missing WWOX exons were detected in 4 cell lines (44%) and in 2 tumor 
samples (13%). Real-time reverse transcription PCR revealed a significant reduction of WWOX 
expression in all of the cell lines and in 6 primary tumors (40%). Western blot analysis showed a 
significant reduction of the WWOX protein in all of the cell lines. Furthermore, transfection with 
WWOX inhibited colony formation of pancreatic cancer cell lines by triggering apoptosis. 
Conclusion: These results indicate that the WWOX gene may play an important role in pancreatic 
tumor development. 



 

Takeuchi, H., A. Fujimoto, et al. (2004). "CCL21 Chemokine Regulates Chemokine Receptor CCR7 
Bearing Malignant Melanoma Cells." Clin. Cancer Res. 10(7): 2351-2358. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/7/2351  

 Purpose: The chemokine CC-ligand 21/secondary lymphoid tissue chemokine (CCL21/SLC) 
regulates the homing of naive T cells and dendritic cells that express CC-chemokine receptor 7 
(CCR7) from distant sites to lymphoid tissue such as lymph nodes. We hypothesized that 
CCL21/SLC regulates the migration of CCR7-bearing melanoma cells from a primary lesion to 
regional tumor-draining lymph nodes. Experimental Design: Quantitative real-time reverse 
transcriptase-PCR (qRT) assay and immunohistochemistry (IHC) were used to assess the level 
of CCR7 expression in melanoma cell lines and in primary and metastatic melanoma tumors. Cell 
migration assay using melanoma cell lines was performed under the induction of CCL21/SLC. 
The CCL21/SLC expression level in tumor-draining sentinel lymph nodes (SLNs) was assessed 
by both qRT assay and IHC. Results: Melanoma cell lines and tumors demonstrated 
heterogeneous expression of CCR7 mRNA by qRT assay. There was strong functional 
correlation between CCR7 mRNA expression and cell migration induced by CCL21/SLC. IHC 
evidence of CCR7 expression in primary melanomas significantly (P = 0.02) correlated with 
Breslow thickness. Assessment of SLN from 55 melanoma patients by qRT assay demonstrated 
that CCL21/SLC mRNA expression level was significantly (P = 0.008) higher in pathologically 
melanoma-negative SLNs than in melanoma-positive SLNs. Conclusions: This report 
demonstrates a potential mechanism for recruitment and homing of CCR7(+) metastatic 
melanoma cells to tumor-draining lymph nodes, which express CCL21/SLC. The study also 
suggests that lymph nodes bearing metastasis may suppress CCL21/SLC production. 

 

Wang, J.-L., B.-Y. Zheng, et al. (2004). "Predictive Significance of the Alterations of p16INK4A, p14ARF, 
p53, and Proliferating Cell Nuclear Antigen Expression in the Progression of Cervical Cancer." 
Clin. Cancer Res. 10(7): 2407-2414. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/7/2407  

 Purpose: The purpose of this research was to evaluate the clinical significance of p16INK4A, 
p14ARF, p53, and proliferating cell nuclear antigen (PCNA) expression in tumor progression of 
cervical cancer. Design: Seventeen patients (40 samples) with consecutive cervical lesions from 
normal squamous epithelium, inflammation of the cervix to cervical intraepithelial neoplasm (CIN) 
and invasive cervical squamous cell cancer (SCC), or from CIN to SCC were collected for this 
study. Expression of p16INK4A, p14ARF, p53, and PCNA were detected by 
immunohistochemistry on paraffin-embedded sections. Human papillomavirus DNA was detected 
simultaneously with PCR and typed according to its DNA sequence. Results: p16INK4A 
overexpression was significantly higher in CIN (75%) and in SCC (75%) than in normal or 
inflammation of the cervix (12.5%; P < 0.01, P < 0.05, respectively). The positive rate of p14ARF 
expression was higher in SCC (83%) than in normal/inflammation of the cervix (25%; P < 0.05). 
PCNA expression was negative in normal or inflammation of the cervix, but an increased in 
expression was seen in 63.2% in CIN and 100% in SCC (P < 0.01, P < 0.05). When the time 
interval for disease progression from initial biopsy to CIN 3 or invasive cancer was compared with 
states of p16INK4A expression, cases stained positive for p16INK4A progressed within 64.2 
months as compared with 122.3 months among those stained negatively (P < 0.01). Cases with 
increased p14ARF expression also had a short time interval for disease progression of 78.8 
months as compared with 108.3 months in cases that were p14ARF negative. Cases with stable 
or decreased p53 expression had the shortest time interval for progression of 32.3 months in 
contrast to cases with no p53 expression (113.9 months). However, cases with increasing p53 
expression progressed within 60.8 months. Conclusions: Our results suggested that altered 



states of p16INK4A, p14ARF, p53, and PCNA may be valuable markers to predict the 
progression of cervical neoplasia. 

 

Yu, Z., P. M. Weinberger, et al. (2005). "{beta}-Catenin Functions Mainly as an Adhesion Molecule in 
Patients with Squamous Cell Cancer of the Head and Neck." Clin. Cancer Res. 11(7): 2471-2477. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/7/2471  

 Background: {beta}-catenin, depending on subcellular localization, plays a dual role in 
carcinogenesis: as a signaling factor (in the nucleus) and as an adhesion molecule (in cell 
membrane). In this study, we sought to determine the role of {beta}-catenin in head and neck 
carcinogenesis. Methods: First, we studied the incidence of mutations of {beta}-catenin in a 
cohort of 60 head and neck squamous cell cancers (HNSCC). We subsequently evaluated the 
protein expression levels of {beta}-catenin in a cohort of oropharyngeal squamous cell cancer 
tissue microarray using a novel in situ method of quantitative protein analysis and correlated 
those with cyclin D1 levels and clinical and pathologic data. Results: The mean follow-up time for 
survivors was 45 months and for all patients was 35 months. We found no mutations in the cohort 
of 60 HNSCC. {beta}-catenin displayed primarily membranous expression pattern. Patients with 
high tumor-node-metastasis stage were more likely to have high expression of {beta}-catenin (P = 
0.040). Patients with low {beta}-catenin expression had a local recurrence rate of 79% compared 
with 29% for patients with high {beta}-catenin tumors (P = 0.0021). Univariate Cox regression 
revealed a hazard ratio for low {beta}-catenin tumors of 3.6 (P = 0.004). Kaplan-Meier analysis 
showed that patients with low {beta}-catenin expressing tumors trended toward worse 5-year 
disease-free survival (P = 0.06). In multivariate analysis, only {beta}-catenin expression status 
was an independent prognostic factor (P = 0.044) for local recurrence. Tumors with high {beta}-
catenin had low cyclin D1 and vice versa (P = 0.007). Conclusions: The absence of activating 
{beta}-catenin mutations combined with the inverse correlation between {beta}-catenin levels with 
cyclin D1 levels and outcome suggest that {beta}-catenin mainly functions as an adhesion and 
not signaling molecule in HNSCC. 

 

Seedhouse, C., R. Faulkner, et al. (2004). "Polymorphisms in Genes Involved in Homologous 
Recombination Repair Interact to Increase the Risk of Developing Acute Myeloid Leukemia." Clin. 
Cancer Res. 10(8): 2675-2680. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/8/2675  

 Purpose: Double-strand break repair via homologous recombination is essential in maintaining 
genetic integrity. RAD51 and XRCC3 are involved in the repair of DNA by this pathway, and 
polymorphisms have been identified in both the RAD51 (RAD51-G135C) and XRCC3 (XRCC3-
Thr241Met) genes. The object of this study was to examine whether these polymorphisms may 
modulate susceptibility to the development of acute myeloid leukemia (AML), a disease that is 
characterized by genetic instability. Experimental Design: We studied the distribution of 
polymorphisms in RAD51 and XRCC3 in 216 cases of de novo AML, 51 cases of therapy-related 
AML (t-AML), and 186 control subjects using PCR followed by restriction enzyme digestion. The 
polymorphic deletion of the detoxification gene glutathione S-transferase M1 (GSTM1) was also 
examined by PCR. Results: The risk of the development of AML was found to be significantly 
increased when both variant RAD51-135C and XRCC3-241Met alleles are present [odds ratio 
(OR), 3.77; 95% confidence interval (CI), 1.39-10.24], whereas the risk of t-AML development is 
even higher (OR, 8.11; 95% CI, 2.22-29.68), presumably because of the large genotoxic insult 
these patients receive after their exposure to radiotherapy or chemotherapy. If we further divide 
the AML group into patients in which the burden of DNA damage is increased, because of the 
deletion of the GSTM1 gene, the risk of development of AML is further increased (OR, 15.26; 



95% CI, 1.83-127.27). Conclusions: These results strongly suggest that DNA double-strand 
breaks and their repair are important in the pathogenesis of both de novo and t-AML. 

 

Bodaghi, S., K. Yamanegi, et al. (2005). "Colorectal Papillomavirus Infection in Patients with Colorectal 
Cancer." Clin. Cancer Res. 11(8): 2862-2867. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/8/2862  

 Purpose: Infection with human papillomaviruses (HPV) is associated with the development of 
cervical cancer, but whether HPVs have a role in colorectal cancer remains controversial. 
Experimental Designs: To determine the relationship between HPV and colorectal cancer, we did 
a retrospective, controlled study using tumor and tumor-adjacent colorectal tissues dissected 
from patients with colorectal cancer, as well as colorectal tissues from control individuals with no 
cancer. The samples were processed in a blinded fashion for nested PCR and in situ PCR 
detection of HPV DNAs. The PCR products were gel-purified and sequenced for HPV genotyping. 
Results: We found that colorectal tissues from 28 of 55 (51%) patients with colorectal cancer 
were positive for HPV DNA. Colorectal tissues from all 10 control individuals were negative for 
HPV DNA (P = 0.0034). Of the 107 usable (GAPDH+) samples collected as paired colorectal 
tissues (tumor and tumor-adjacent tissues) from the patients, 38 (36%) had HPV16 (n = 31), 
HPV18 (n = 5), or HPV45 (n = 2), with HPV DNA in both tumor and tumor-adjacent tissues of 10 
paired samples, 13 in only the tumor, and 5 in only tumor-adjacent tissues. In situ PCR detection 
of the tumor tissues confirmed the presence of HPV DNA in tumor cells. Conclusion: Our results 
suggest that colorectal HPV infection is common in patients with colorectal cancer, albeit at a low 
DNA copy number, with HPV16 being the most prevalent type. HPV infection may play a role in 
colorectal carcinogenesis. 

 

Katayama, A., T. Ogino, et al. (2005). "Expression of CXCR4 and Its Down-Regulation by IFN-{gamma} in 
Head and Neck Squamous Cell Carcinoma." Clin. Cancer Res. 11(8): 2937-2946. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/8/2937  

 Purpose: The functional expression of CXCR4, which plays roles in cell migration and 
proliferation in response to its unique ligand stromal cell-derived factor-1 (SDF-1), has been 
reported in variety of carcinomas. However, CXCR4 expression and its functional role in head 
and neck squamous cell carcinomas (HNSCC) remain unclear. In this study, we investigated 
CXCR4 expression and analyzed its functions in HNSCC cell lines. We also attempted to regulate 
CXCR4 expression using cytokines, such as interleukin-1{beta}, tumor necrosis factor-{alpha}, 
and IFN-{gamma}. Finally, we investigated correlation between CXCR4 expression and clinical 
features in patients with HNSCC. Experimental Design: Six HNSCC cell lines were used in this 
study. Reverse transcription-PCR and flow cytometry analysis were shown for CXCR4 
expressions with or without stimulations of cytokines. SDF-1-mediated cell migration was 
assayed in Matrigel-coated chemotaxis chamber. The SDF-1-mediated cell proliferation was 
analyzed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. The SDF-1-
mediated signaling pathways were analyzed by Western blot analysis. Biopsy specimens from 56 
patients with HNSCC were used for immunohistologic analysis. Results: The significant CXCR4 
expression was found in HSQ-89, IMC-3, and Nakamura cells. The SDF-1-mediated cell 
migration and proliferation were observed in CXCR4-positive cells. SDF-1 also promoted rapid 
phosphorylation of extracellular signal-regulated kinase 1/2 and Akt signaling pathways in 
CXCR4-positive cells. The SDF-1-mediated cell migration and proliferation of CXCR4-positive 
cells were inhibited by neutralization of CXCR4. Among three cytokines tested, IFN-{gamma} 
significantly reduced CXCR4 expression and SDF-1-induced cell migration and proliferation of 
CXCR4-positive cells. Immunohistologic analysis revealed that patients with advanced neck 



status and patients who developed distant metastases showed significantly higher CXCR4 
expression, and the cause-specific survival of patients with CXCR4-expression was significantly 
shorter. Furthermore, multivariate analysis confirmed that CXCR4 positive was the independent 
factor for cause-specific death. Conclusion: Our results may provide an insight into future 
therapeutic agent that inhibits tumor metastasis and progression via down-regulating CXCR4 
expression in patients with HNSCC. 
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 The significance of microsatellite instability (MSI) as a prognostic predictor for resectable 
pancreatic cancer patients was examined. Forty-six histologically confirmed pancreatic cancer 
patients who had undergone resection were studied. DNA was extracted from the paraffin block 
sections by means of the microdissection method. PCR was performed using eight microsatellite 
primer marker sets. The mixed PCR sample was analyzed by a genetic analyzer. The number of 
MSI-positive patients was eight (17.4%) as determined by assessment of microsatellite variations 
in three or more of the eight tested markers. Univariate analysis revealed that patients with MSI-
positive tumors had significantly longer survival times than patients with MSI-negative tumors, 
although there were no significant differences in clinicopathological factors between the two 
groups (median survival term, 62 months versus 10 months, respectively; P = 0.011). According 
to univariate survival analysis, patients with T3/T4, N1, or M1 tumors, as classified by Union 
Internationale Contre le Cancer staging, had significantly shorter survival times than patients with 
less progressive tumors. Multivariate survival analysis indicated that MSI status had an 
independent predictive value (hazard ratio = 5.577; P = 0.007). The tumor-infiltrating leukocyte 
intensity in MSI-positive tumors was significantly larger than that in MSI-negative tumors, 
suggesting that MSI-positive tumors may induce stronger antitumor immunity. In conclusion, a 
patient with MSI-positive pancreatic cancer may have a comparatively better prognosis after 
resection, possibly due to intensive immunoreaction to the tumor. 
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with NP Carcinoma." Clin. Cancer Res. 8(8): 2612-2619. 
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 Purpose: Nasopharyngeal carcinoma (NPC) is highly prevalent in southern China and 
characterized by a strong association with EBV. We aimed to detect EBV DNA and cancer-
related gene promoter hypermethylation in nasopharyngeal (NP) brushing samples and provide a 
novel noninvasive approach for NPC detection. Experimental Design: Twenty-eight NPC cases 
and 26 noncancerous subjects were prospectively recruited. NP brushing samples were 
subjected to quantitative real-time PCR analysis of EBV DNA and methylation-specific PCR 
analysis of the DAP-kinase, RASSF1A, and p16 genes. Results: EBV DNA quantity in NP 
brushing samples from NPC patients (median, 8.94 copies/actin) was significantly higher than 
that of controls (median, 0 copies/actin; P < 0.0001). Twenty-seven of 28 NPC patients had 
detectable EBV DNA in NP brushes, whereas 25 of 26 controls had undetectable or very low 
levels of EBV DNA. Elevated EBV DNA level in brushing samples as a tumor marker had a 
sensitivity of 96.4% and a specificity of 96.2% for NPC detection. Moreover, T1 disease had a 
significantly lower EBV DNA level as compared with locally more advanced disease (P = 0.037). 
In brushing samples of NPC patients, the frequencies of DAP-kinase, RASSF1A, and p16 
promoter hypermethylation were 50.0%, 39.3%, and 46.4%, respectively. Seventy-eight percent 



of cases showed methylation of at least one gene. No aberrant hypermethylation was detected in 
control samples. Conclusions: Our study demonstrated the feasibility of detecting multiple 
molecular tumor markers in NP brushing samples with a high sensitivity and specificity for NPC 
detection. It offers a powerful yet noninvasive approach for the diagnosis of NPC in high-risk 
populations. 
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 Purpose: Nasopharyngeal carcinoma (NPC) has been provenas a cancer associated with 
Epstein-Barr virus (EBV). This study was performed to examine sequence variations of the EBV 
nuclear antigen 1 gene (EBNA-1) in primary tumor and peripheral-blood cells of NPC patients 
from Taiwan. Experimental Design: DNA extracted from freshly frozen tumor tissues and 
corresponding peripheral-blood cells of 13 previously untreated NPC patients were subjected to 
PCR and direct sequencing using EBNA-1-specific primers. We compared the sequence data 
and analyzed the clinical outcomes. Results: We obtained a 100% positive-detection rate of EBV 
DNA in the primary tumors of all patients irrespective of the degree of differentiation. The EBNA-1 
gene of all tumor samples was the "V-val" strain, showing the same clustered point mutations. 
They included 21 nucleotide exchanges, leading to 14 amino-acid mutations and 6 silent 
exchanges, relative to B95-8 cell line. Two of 13 tumors exhibited an additional point mutation at 
codon 585. EBV DNA was also detected in peripheral-blood cells of 9 of 13 patients under our 
experimental conditions. Direct-sequencing data showed match alterations of EBNA-1 gene 
between the primary tumor and peripheral-blood cells. Tumor relapse was observed in four of 
nine patients with detectable EBNA-1 DNA in their peripheral-blood cells, whereas none of the 
four patients without detectable EBNA-1 DNA in their peripheral-blood cells developed tumor 
relapse. Conclusions: Results of the current study represents the first demonstration of consistent 
sequence variation of EBNA-1 in primary tumors and peripheral-blood cells. Clinical observations 
support that the presence of EBV DNA in the peripheral-blood cells may arise from disseminated 
cancer cells, resulting in a higher relapse rate and poor prognosis. 
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 Carboxylesterases play a critical role in the bioactivation of the anticancer prodrug irinotecan {7-
ethyl-10-[4-(1-piperidino)-1-piperidino]carbonyloxy-camptothecin; CPT-11} into its active 
metabolite SN-38 (ethyl-10-hydroxy-camptothecin). We reported recently that human 
carboxylesterase-2 (hCE-2) is a higher-affinity, higher-velocity enzyme for irinotecan hydrolysis 
when compared with hCE-1. To further investigate the role of these isoforms, we cloned both 
cDNAs into the human colorectal adenocarcinoma cell line HT29. Extracts of HT29 cells 
transfected with hCE-2 exhibited significantly higher irinotecan hydrolysis (5.2 pmol/mg protein/hr) 
than hCE-1 (1.0 pmol/mg protein/hr). HT29 cells over-expressing hCE-2 were more sensitive to 
the toxic effects of irinotecan than cells expressing hCE-1 (EC50 = 0.3 {micro}M and 6.8 
{micro}M, respectively). Our data further support the notion that hCE-2 plays a substantial role in 
irinotecan activation in human tissue at relevant pharmacologic concentrations. 
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 Purpose: The suitability of neuroblastoma patients for therapy using radiolabeled meta-
iodobenzylguanidine (MIBG) is determined by scintigraphy after the administration of a tracer 
dose of radioiodinated MIBG whose uptake is dependent upon the cellular expression of the 
noradrenaline transporter (NAT). As a possible alternative to gamma camera imaging, we 
developed a novel molecular assay of NAT expression. mRNA extracted from neuroblastoma 
biopsy samples, obtained retrospectively, was reverse transcribed, and NAT-specific cDNA was 
quantified by real-time PCR, referenced against the expression of the housekeeping gene 
glyceraldehyde-3-phosphate dehydrogenase. Experimental Design: Tumor specimens from 54 
neuroblastoma patients were analyzed using real-time PCR, and NAT expression was compared 
with the corresponding diagnostic scintigrams. Results: Forty-eight of 54 (89%) of tumors showed 
MIBG uptake by scintigraphy. NAT expression was found to be significantly associated with MIBG 
uptake (P < 0.0001, Fisher's exact test). None of the samples from the six tumors that failed to 
concentrate MIBG expressed detectable levels of the NAT (specificity = 1.0). However, of the 48 
MIBG uptake-positive tumors, only 43 (90%) expressed NAT (sensitivity = 0.9). The real-time 
PCR test has a positive predictive value of 1.0 but a negative predictive value of 0.55. 
Conclusions: The results indicate that whereas this method has substantial ability to predict the 
capacity of neuroblastoma tumors to accumulate MIBG, confirmation is required in prospective 
studies to determine more accurately the predictive strength of the test and its role in the 
management of patients with neuroblastoma. 
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 Purpose: The purpose was to explore the relationships between irinotecan disposition and allelic 
variants of genes coding for adenosine triphosphate binding cassette transporters and enzymes 
of putative relevance for irinotecan. Experimental Design: Irinotecan was administered to 65 
cancer patients as a 90-min infusion (dose, 200-350 mg/m2), and pharmacokinetic data were 
obtained during the first cycle. All patients were genotyped for variants in genes encoding MDR1 
P-glycoprotein (ABCB1), multidrug resistance-associated proteins MRP-1 (ABCC1) and MRP-2 
(canalicular multispecific organic anion transporter; ABCC2), breast cancer resistance protein 
(ABCG2), carboxylesterases (CES1, CES2), cytochrome P450 isozymes (CYP3A4, CYP3A5), 
UDP glucuronosyltransferase (UGT1A1), and a DNA-repair enzyme (XRCC1), which was 
included as a nonmechanistic control. Results: Eighteen genetic variants were found in nine 
genes of putative importance for irinotecan disposition. The homozygous T allele of the ABCB1 
1236C>T polymorphism was associated with significantly increased exposure to irinotecan (P = 
0.038) and its active metabolite SN-38 (P = 0.031). Pharmacokinetic parameters were not related 
to any of the other multiple variant genotypes, possibly because of the low allele frequency. The 
extent of SN-38 glucuronidation was slightly impaired in homozygous variants of UGT1A1*28, 
although differences were not statistically significant (P = 0.22). Conclusions: It is concluded that 
genotyping for ABCB1 1236C>T may be one of the factors assisting with dose optimization of 
irinotecan chemotherapy in cancer patients. Additional investigation is required to confirm these 
findings in a larger population and to assess relationships between irinotecan disposition and the 
rare variant genotypes, especially in other ethnic groups. 
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 Purpose: We sought to determine whether the -6 exon 13 T>C polymorphism in the DNA 
mismatch repair gene hMSH2 modulates susceptibility to acute myeloid leukemia after therapy 
and particularly after O6-guanine alkylating chemotherapy. We also determined the extent of 
microsatellite instability (MSI) in therapy-related acute myeloid leukemia (t-AML) as a marker of 
dysfunctional DNA mismatch repair. Experimental Design: Using a novel restriction fragment 
length polymorphism, verified by direct sequencing, we have genotyped 91 t-AML cases, 420 de 
novo acute myeloid leukemia cases, and 837 controls for the hMSH2 -6 exon 13 polymorphism. 
MSI was evaluated in presentation bone marrow from 34 cases using the mononucleotide 
microsatellite markers BAT16, BAT25, and BAT26. Results: Distribution of the hMSH2 -6 exon 13 
polymorphism was not significantly different between de novo acute myeloid leukemia cases and 
controls, with heterozygotes and homozygotes for the variant (C) allele representing 12.2 and 
1.6%, respectively, of the control population. However, the variant (C) hMSH2 allele was 
significantly overrepresented in t-AML cases that had previously been treated with O6-guanine 
alkylating agents, including cyclophosphamide and procarbazine, compared with controls (odds 
ratio, 4.02; 95% confidence interval, 1.40-11.37). Thirteen of 34 (38%) t-AML cases were MSI 
positive, and 2 of these 13 cases were homozygous for the variant (C) allele, a frequency 
substantially higher than in the control population. Conclusions: Association of the hMSH2 -6 
exon 13 variant (C) allele with leukemia after O6-guanine alkylating agents implicates this allele in 
conferring a nondisabling DNA mismatch repair defect with concomitant moderate alkylation 
tolerance, which predisposes to the development of t-AML via the induction of DNA mismatch 
repair-disabling mutations and high-grade MSI. Homozygosity for the hMSH2 variant in 2 of 13 
MSI-positive t-AML cases provides some support for this model. 

 

Zhong, S., W. Yeo, et al. (2003). "Intensive Hypermethylation of the CpG Island of Ras Association 
Domain Family 1A in Hepatitis B Virus-associated Hepatocellular Carcinomas." Clin. Cancer Res. 
9(9): 3376-3382. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/9/9/3376  

 Purpose and Experimental Design: The human Ras association domain family 1A gene 
(RASSF1A) is a newly isolated tumor suppressor gene. In this study, we analyzed the 
methylation status of the promoter region of RASSF1A using bisulfite sequencing and PCR-RFLP 
in four liver cancer cell lines (Hep3B, HepG2, SK-HEP-1, and Huh-7) and a cohort of 43 hepatitis 
B virus-associated hepatocellular carcinoma (HCC) tissues and their corresponding nontumor 
tissue specimens. Results: The methylation of the CpG islands in the RASSF1A promoter was 
not detected in 4 samples of normal liver tissue or 10 samples of peripheral blood mononuclear 
cells from normal subjects. However, the CpG islands were completely methylated, and 
transcription of the RASSF1A was silenced in the four cell lines. Treatment with the DNA 
methylation inhibitor 5-aza-2'-deoxycytidine reactivated the expression of RASSF1A in the Hep3B 
and HepG2 cells. In 41 of 43 (95%) HCC specimens studied, the promoter region of RASSF1A 
was intensively methylated at its CpG sites. Although heterogeneous methylation was also 
detected in 16 of the 23 (70%) corresponding nontumorous tissues analyzed, the level of 
methylation was significantly lower than in the corresponding tumor tissues. Conclusions: HCC 
has the highest incidence of promoter methylation of RASSF1A among all malignancies yet 
reported suggesting that hypermethylation of the CpG island promoter of RASSF1A may play an 
important pathological role in this tumor. 
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 Purpose: Over the last several years, donor lymphocyte infusions have become the standard 
approach for patients with chronic myelogenous leukemia (CML) who relapse after allogeneic 
stem cell transplantation (SCT). Recent reports indicate that imatinib mesylate (Gleevec) can 
induce remissions in these patients as well. Less is known about the extent and durability of 
these responses. Experimental Design: We studied 15 patients treated with imatinib for recurrent 
CML after SCT, 10 patients with stable phase CML (SP-CML), 1 with accelerated phase (AP-
CML), and 4 with blast phase (BP-CML). The dose of imatinib was 600 mg (n = 10) or 400 mg (n 
= 5) daily. Patients were followed for hematological, cytogenetic, and molecular response. A 
susbset of responders was followed for changes in donor-derived hematopoietic chimerism. 
Results: Of the 10 patients with SP-CML, all achieved a hematological response. Within 3 
months, five of these patients had achieved a complete cytogenetic response (CCR). By six 
months, 9 of 10 patients had achieved CCR. The BCR-ABL transcript could not be detected by 
reverse transcription-PCR in 7 of these 9 patients. Patients who achieved CCR showed evidence 
of conversion to complete donor chimerism. No patient developed graft-versus-host disease. With 
a median follow up of 25 months, all patients are alive and 9 of 10 patients remain in CCR. Only 
one of the 5 patients with AP/BP-CML achieved a complete cytogenetic response. Conclusions: 
We find that imatinib is well tolerated in patients with SP-CML who relapse after SCT. Responses 
were rapid, durable, and associated with conversion to full donor chimerism without graft-versus-
host disease. Imantinib was far less effective in patients who relapsed with AP/BP-CML. Imatinib 
should be evaluated as either an alternative or as an adjunct to donor lymphocyte infusions for 
patients with SP-CML who relapse after SCT. 

 

Nosrati, M., S. Li, et al. (2004). "Antitumor Activity of Systemically Delivered Ribozymes Targeting Murine 
Telomerase RNA." Clin. Cancer Res. 10(15): 4983-4990. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/15/4983  

 Purpose: To test ribozymes targeting mouse telomerase RNA (mTER) for suppression of the 
progression of B16-F10 murine melanoma metastases in vivo. Experimental Design: 
Hammerhead ribozymes were designed to target mTER. The ribozyme sequences were cloned 
into a plasmid expression vector containing EBV genomic elements that substantially prolong 
expression of genes delivered in vivo. The activity of various antitelomerase ribozymes or control 
constructs was examined after i.v. injection of cationic liposome:DNA complexes containing 
control or ribozyme constructs. Expression of ribozymes and mTER at various time points were 
evaluated by quantitative real-time PCR. Telomerase activity was examined using the telomeric 
repeat amplification protocol. Results: Systemic administration of cationic liposome:DNA 
complexes containing a plasmid-expressed ribozyme specifically targeting a cleavage site at 
mTER nucleotide 180 significantly reduced the metastatic progression of B16-F10 murine 
melanoma. The antitumor activity of the anti-TER 180 ribozyme in mice was abolished by a single 
inactivating base mutation in the ribozyme catalytic core. The EBV-based expression plasmid 
produced sustained levels of ribozyme expression for the full duration of the antitumor studies. In 
addition to antitumor activity, cationic liposome:DNA complex-based ribozyme treatment also 
produced reductions in both TER levels and telomerase enzymatic activity in tumor-bearing mice. 
Conclusions: Systemic, plasmid-based ribozymes specifically targeting TER can reduce both 
telomerase activity and metastatic progression in tumor-bearing hosts. The work reported here 
demonstrates the potential utility of plasmid-based anti-TER ribozymes in the therapy of 
melanoma metastasis. 
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 Purpose: Granulosa cell tumors (GCTs) are relatively rare and are subtypes of the sex-cord 
stromal neoplasms. A better understanding of the molecular genetics underlying various steps in 
malignant transformation is critical to success in the battle against this disease. Changes in the 
status of methylation, known as epigenetic alterations, are one of the most common molecular 
alterations in human cancers, including GCTs. Chromosomal instability and microsatellite 
instability (MSI) are common in these GCTs. We tested the hypothesis that C[-&gt]T transition 
polymorphism in the promoter region of cytosine DNA-methyltransferase-3B (DNMT3B) and its 
altered expression are also associated with hypermethylation of the genes. We also attempted to 
determine the relationship between MSI of ovarian carcinoma and hMLH1 hypermethylation in 
these tumors. Experimental Design: We studied chromosome instability in 25 GCTs by detecting 
gross chromosome rearrangements in cultured peripheral blood lymphocytes. MSI was assessed 
using six microsatellite markers (BAT25, BAT26, D2S123, D5S346, D11S1318, and D17S250). 
Using sensitive methylation-specific PCR, we searched for aberrant promoter hypermethylation in 
a panel of genes including p16, BRCA1, RASSF1A, ER-{alpha}, TMS1, TIMP3, Twist, GSTP1, 
AR, and hMLH1. Polymorphism in the DNMT3B gene was assessed by the PCR-RFLP method, 
and DNMT3B expression was studied by reverse transcription-PCR assay. Results: Chromosome 
instability was indicated by significantly higher frequencies of chromosome aberrations (6.24%; P 
< 0.001) compared with controls (2.12%). The most frequently observed changes include trisomy 
14 and monosomy 22. MSI has been found in 19 of 25 tumors, and loss of heterozygosity has 
been found in 9 of 25 tumors. Frequencies of methylation in GCTs were 40% for p16 and ER-
{alpha}; 36% for BRCA1 and RASSF1A; 28% for hMLH1; 24% for TIMP3, Twist, and GSTP1; and 
20% in TMS1 and AR. TT genotype was found only in two cases; the remainder were either CC 
or CT type. There was no significant alteration in the expression of DNMT3B in these patients. 
Conclusions: Coexistence of chromosome instability, MSI, and hypermethylation suggests that 
both genetic and epigenetic mechanisms may act in concert to inactivate the above-mentioned 
genes in these GCTs. These mechanisms can be an early event in the pathogenesis of these 
tumors, and it can be a critical step in the tumorigenic process. All these events might play an 
important role in early clinical diagnosis and in chemotherapeutic management and treatment of 
the disease. Larger studies may lend further understanding to the etiology and clinical behavior of 
these tumors. 
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 The extent of lymph node metastasis is a major determinant in the prognosis of oral squamous 
cell carcinoma (OSCC). Abnormalities of cell adhesion molecules are known to play an important 
role in invasion and metastasis of cancer cells through the loss of cell-to-cell adhesion. In this 
study, we isolated highly invasive clones from an OSCC cell line established from a lymph node 
metastasis by using an in vitro invasion assay method and compared the abnormalities of cell 
adhesion molecule E-cadherin and {beta}-catenin in these cells. The isolated, highly invasive 
clones showed significant invasive capacity and reduction of E-cadherin and membranous {beta}-
catenin protein in comparison with parent cells. We found that reduced expression of E-cadherin 
was due to methylation of its promoter region. In fact, most invasive and metastatic area of 
OSCCs showed reduced expression and methylation of E-cadherin. Moreover, we found that 



reduced expression of membranous {beta}-catenin was due to its protein degradation. Reduced 
expression of membranous {beta}-catenin was also found frequently in invasive and metastatic 
areas of OSCCs. In summary, invasion and metastasis of OSCC cells require methylation of E-
cadherin and/or degradation of membranous {beta}-catenin. In addition, we suggest that the 
method of isolation of highly invasive clones may be useful for studies aimed at discovering novel 
genes involved in invasion and metastasis. 
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 This study was aimed at defining patterns of aberrant gene methylation in non-small cell lung 
cancer (NSCLC) in Chinese patients and its use in detecting cancer cells in bronchoalveolar 
lavage (BAL). The methylation-specific PCR (MSP) was used to study methylation of the p16, 
retinoic acid receptor-{beta} (RAR{beta}), death-associated protein (DAP) kinase, and O6-
methylguanine-DNA-methyltransferase (MGMT) genes in 75 NSCLCs [44 adenocarcinomas and 
31 squamous cell carcinomas (SCCs)] and 68 BALs from suspected lung cancers. More females 
had adenocarcinoma than SCC (11 of 44 versus 2 of 31, P = 0.04). Aberrant methylation in at 
least one gene was found in 63 of 75 (84%) NSCLCs. p16, RAR{beta}, DAP kinase, and MGMT 
methylation was similar in adenocarcinoma and SCC. However, females with NSCLC showed 
more frequent p16 methylation than males (12 of 13 versus 36 of 62, P = 0.02), because of more 
frequent p16 methylation in female adenocarcinomas (10 of 11 versus 17 of 33, P = 0.02). This 
sexual difference was not observed in RAR{beta}, DAP kinase, and MGMT. At 92%, the 
frequency of p16 methylation in Chinese female NSCLC is one of the highest known. For BAL, 
MSP and cytological analysis showed concordant and discordant results in 25 of 68 and 43 of 68 
samples. Of 41 MSP+/cytology- cases, 35 were eventually shown to have malignant lung lesions, 
4 were at high risk but had no evidence of lung cancer, and 2 were lost to follow-up. There were 
two MSP-/cytology+ cases. Frequent gene methylations were seen in Chinese NSCLC patients. 
More frequent p16 methylation was seen in female patients. MSP is a useful molecular adjunct 
for cancer cell detection in BAL samples. 
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 Purpose: The purpose of this study was to analyze whether gene expression levels of folate 
enzymes in adjacent mucosa were associated with outcome of colorectal cancer patients. 
Experimental Design: Real-time PCR was used to quantify expression levels of folate-associated 
genes including the reduced folate carrier (RFC-1), folylpolyglutamate synthase (FPGS), 
{gamma}-glutamyl hydrolase (GGH),and thymidylate synthase (TS)in tumor tissue and adjacent 
mucosa of patients with primary colorectal cancer (n = 102). Furthermore, reduced folates in the 
tissues were measured with a binding-assay method. Results: Mean gene expression levels of 
RFC-1, FPGS, GGH, and TS were significantly higher in tumor biopsies compared with mucosa. 
Univariate and multivariate analyses showed that the FPGS gene expression level in mucosa, but 
not in tumor, was a prognostic parameter independent of the clinicopathological factors with 
regard to survival. Patients with high FPGS levels (>0.92) in mucosa also showed significantly 
higher total folate concentrations (P = 0.03) and gene expression levels of RFC-1 (P < 0.01), 
GGH (P < 0.01), and TS (P = 0.04) compared with patients with low FPGS levels. The total 
reduced folate concentration correlated with the gene expression levels of RFC-1 and FPGS but 



not with TS or GGH. Conclusion: Our results suggest that normal-appearing colonic mucosa 
adjacent to primary colon cancer can show altered gene expression levels of FPGS that may 
have bearing on the development of aggressive metastatic behavior of the tumor and on tumor-
specific survival. 
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 Purpose: The combinations of various chemotherapeutic drugs currently used to treat advanced 
small cell lung cancer (SCLC) led to similarly poor survival outcomes, which is why new 
molecular biology approaches are needed to design and select targeted therapies. Experimental 
Design: Thirteen stage I SCLC surgical specimens were screened for c-Kit gene mutations by 
sequencing whole cDNA and for KIT receptor expression/activation by immunoprecipitation and 
Western blotting. Both the paraffin-embedded and frozen materials were analyzed by 
immunocytochemistry, and the stem cell factor cognate ligand was assessed by retrotranscription 
PCR. Results: In all cases, we showed the presence of wild-type KIT receptors by analyzing the 
entire coding sequence, which together with the detection of the cognate ligand stem cell factor, 
supports the establishment of an autocrine loop. In addition, the KIT receptor was 
activated/phosphorylated. The immunoprecipitation/Western blotting data fit the observed 
immunophenotype. Interestingly, comparison of the level of KIT expression was at least 10 times 
higher in the tumoral specimens than the normal reference lungs. Conclusions: The KIT 
molecular profile derived from the analysis of SCLC surgical specimens shows that wild-type KIT 
is overexpressed and phosphorylated in the presence of stem cell factor. This finding, which is 
consistent with pathological KIT activation driven by an autocrine loop, is particularly interesting in 
the light of the recent development of new tyrosine kinase inhibitory drugs, which are highly 
effective in blocking wild-type KIT receptors. 
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 Purpose: NY-ESO-1 and LAGE-1 are homologous cancer-testis antigens, which are expressed in 
many different cancers. It is essential to type tumors accurately to assess patient suitability for 
clinical trials which target these. This study evaluates typing strategies used to distinguish these 
two homologous but distinct antigens and to characterize and quantitate expression of each in 
clinical samples. Experimental Design: We typed 120 malignant melanomas for the expression of 
NY-ESO-1 and LAGE-1 with immunohistochemistry, reverse transcription-PCR (RT-PCR), and 
quantitative real-time (qRT-PCR), which was also used to explore the relationship between NY-
ESO-1 and LAGE expression. Results: The two monoclonal antibodies ES121 and E978 had very 
similar immunohistochemistry reactivities. Both were specific for NY-ESO-1 because neither 
bound to homologous LAGE-1 peptides despite 84% overall amino acid homology. Of 120 
melanomas tested by immunohistochemistry, NY-ESO-1 was expressed in >50% of cells in 23 
melanomas (19%), between 11 and 50% cells in 15 (12.5%), <11% cells in 16 (13.5%), and 
negative in 66 (55%). Although specific for both antigens, the PCR methods did not provide this 
information about microheterogeneity. Polymorphisms in the LAGE-1 gene resulted in false 
negative LAGE-1 typing by qRT-PCR by inhibiting binding of oligonucleotide primers, thereby 
showing the exquisite specificity of qRT-PCR as a typing method. Conclusions: For NY-ESO-1 



typing, immunohistochemistry compared favorably with the RT-PCR, with the added advantage of 
being able to characterize heterogeneity of antigen expression. Because neither mAb bound 
LAGE and because there was no coordinate expression LAGE and NY-ESO-1, separate typing 
for each is required. 

 

Brabender, J., K. D. Danenberg, et al. (2002). "The Role of Retinoid X Receptor Messenger RNA 
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 Background: Retinoid X receptors (RXRs) have inhibitory effects on non-small cell lung cancer 
(NSCLC) cell growth, and RXR{beta} expression is reduced in NSCLC specimens compared with 
normal lung tissue. We hypothesized that suppressed RXR expression might be a prognostic 
factor of worse clinical outcome in patients with NSCLC. Experimental Design: Using a 
quantitative real-time reverse transcription-PCR (TaqMan) method, we analyzed RXR{alpha}, 
RXR{beta}, and RXR{gamma} mRNA expression in normal lung tissue and matching tumor 
samples from 88 patients with NSCLC. Results: The median mRNA expression levels of all three 
RXR subtypes were frequently decreased in tumor tissues compared with matching normal lung 
tissue (RXR{alpha}, 67%; RXR{beta}, 55%; RXR{gamma}, 89%). The RXR{alpha} (P = 0.001) 
and RXR{gamma} (P < 0.001) median expression levels were significantly lower in the tumors. 
Patients whose tumors exhibited low RXR{beta} expression levels had a statistically significant 
worse overall survival (P = 0.0005), whereas a trend toward worse survival was observed for 
patients with low RXR{alpha} expression. Multivariate analysis indicated that low RXR{beta} 
expression is an independent predictor of worse survival in patients with NSCLC (P = 0.017). 
Conclusion: Suppressed mRNA expression of all three RXR subtypes is a frequent event in 
NSCLC. Reduced RXR{beta} expression might be an important biomarker for more aggressive 
disease in patients with NSCLC. 
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 Purpose: We aimed to investigate the methylation pattern in bladder cancer and assess the 
diagnostic potential of such epigenetic changes in urine. Experimental Design: The methylation 
status of 7 genes (RAR{beta}, DAPK, E-cadherin, p16, p15, GSTP1, and MGMT) in 98 cases of 
bladder transitional cell carcinoma and 4 cases of carcinoma in situ was analyzed by methylation-
specific PCR. Twenty-two cases had paired voided urine samples for analysis. Results: In 
transitional cell carcinoma tumor tissues, aberrant methylation was frequently detected in 
RAR{beta} (87.8%), DAPK (58.2%), E-cadherin (63.3%), and p16 (26.5%), whereas methylation 
of p15 (13.3%), GSTP1 (5.1%), and MGMT (5.1%) is not common. No association between 
methylation status and grading or muscle invasiveness was demonstrated. In 22 paired voided 
urine samples of bladder cancer, methylation of DAPK, RAR{beta}, E-cadherin, and p16 could be 
detected in 45.5%, 68.2%, 59.1%, and 13.6% of the cases, respectively. The sensitivity of 
methylation analysis (90.9%) was higher than that of urine cytology (45.5%) for cancer detection. 
Methylation of RAR{beta} (50%), DAPK (75%), and E-cadherin (50%) was also detected in 
carcinoma in situ. In 7 normal urothelium samples and 17 normal urine controls, no aberrant 
methylation was detected except for RAR{beta} methylation in 3 normal urothelium samples 
(42.9%) and 4 normal urine samples (23.5%), respectively. Conclusions: Our results 
demonstrated a distinct methylation pattern in bladder cancer with frequent methylation of 
RAR{beta}, DAPK, E-cadherin, and p16. Detection of gene methylation in routine voided urine 



using selected markers appeared to be more sensitive than conventional urine cytology. 
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 Purpose: The aim of this study was to investigate whether expression of particular drug 
resistance genes in primary operable breast cancer correlates with response to first-line 
chemotherapy in advanced disease. Experimental Design: We determined mRNA levels of 
BCRP, LRP, MRP1, MRP2, and MDR1 in 59 primary breast tumor specimens of patients who 
received chemotherapy as first-line systemic treatment after diagnosis of advanced disease. The 
relative expression levels were measured by quantitative real-time reverse transcription-PCR and 
subsequently analyzed in relation to the type of response to chemotherapy, the length of 
progression-free survival (PFS), and post-relapse overall survival. Results: For each of these 
drug resistance genes, a large variation in expression level was observed among the tumors of 
the different patients. When analyzing mRNA expression in relation to overall response, it was 
found that the median expression level of these five drug resistance genes in the responding 
tumors, as compared with nonresponding tumors, was markedly lower. Classification of tumors 
as high versus low with respect to the expression level of these genes showed that the overall 
response in the MDR1-high subset (17%), as compared with the MDR1-low subset (68%), was 
significantly lower (P = 0.005). Although similar differences in response rate were found for 
subsets of tumors stratified by the expression level of the other drug resistance genes, none of 
the observed differences were statistically significant. However, in the subgroup of patients 
treated with anthracycline-based chemotherapy (5-fluorouracil, Adriamycin/epirubicin, and 
cyclophosphamide), a correlation between response and the expression of BCRP and MRP1 
(only PFS) was found, whereas such an association was not present in the cyclophosphamide, 
methotrexate, and 5-fluorouracil-treated group of patients. Furthermore, high expression of LRP 
as well as MDR1 was found to be significantly associated with a poor PFS (P = 0.04 and P < 
0.001, respectively). For lung resistance-related protein, this association was limited to 5-
fluorouracil, Adriamycin/epirubicin, and cyclophosphamide. Expression levels of BCRP, MRP1, or 
MRP2 were not related with the length of PFS. Furthermore, no correlation between the 
expression level of these drug resistance genes and post-relapse overall survival was found. 
Conclusions: In this pilot study, MDR1 expression in primary breast tumors was inversely related 
with the efficacy of first-line chemotherapy, and high expression level was a significant predictor 
of poor prognosis for patients with advanced disease. Apart from MDR1, the expression levels of 
BCRP, LRP, and MRP1 might have some additional predictive value for clinical outcome. 
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 Purpose: The purpose of this research was to evaluate the predictive value of expression of 
thymidylate synthase (TS) and other genes for response to raltitrexed (RTX). Experimental 
Design: Twenty-five patients with metastatic colorectal cancer received RTX 3 mg/m2 3-weekly. 
Pretreatment tumor biopsies were analyzed for TS, dihydropyrimidine dehydrogenase (DPD), 
thymidine phosphorylase (TP), folylpolyglutamate synthetase, and reduced folate carrier mRNA 
expression by real-time reverse transcription-PCR. TS protein expression was evaluated by 
immunohistochemistry using a polyclonal TS antibody. Results: Twenty patients were evaluable 



for response and gene expression. Six of 20 (30%) achieved a partial response. Median 
TS/{beta}-actin was 5.7 x 103 (range, 2.2-42 x 103). Median TS/{beta}-actin was 3.7 x 103 in 
responding patients and 6.1 x 103 in nonresponders (P = 0.048). Five of 6 patients with 
TS/{beta}-actin [&lt;=]4.1 x 103 and 1 of 14 with higher values responded (P = 0.002). Overall 
survival was 21.7 months in patients with TS/{beta}-actin [&lt;=]4.1 x 103 and 5.7 months in 
patients with higher values (P = 0.013). No correlations were seen between expression of TP, 
DPD, reduced folate carrier, or folylpolyglutamate synthetase mRNA and response or survival. 
Weak TS staining was seen in 10 of 21 tumors evaluable for immunohistochemistry, including 5 
responders All 4 of the patients with both weak staining and TS/{beta}-actin [&lt;=]4.1 x 103 
responded. Conclusions: High TS mRNA expression predicts nonresponse to RTX. By contrast 
with 5-fluorouracil, high levels of TP and DPD mRNA are not associated with RTX resistance. 
Limited genomic fingerprinting could optimize single-agent therapy, allowing combinations to be 
reserved for high TS-expressing patients or for treatment failures, with potential reductions in 
toxicity and cost. 
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 Purpose: The purpose of this study was to establish a sensitive and semiquantitativemethod for 
the detection of minimal residual diseaseof neuroblastoma, the most common solid tumor in 
childhood. Experimental Design: Analysis was performed on a molecular level by reverse 
transcription-PCR using a new, real-time detection method. We measured two genes 
simultaneously, tyrosine hydroxylase (TH) as the target gene and glyceraldehyde-3-phosphate 
dehydrogenase as a reference gene, in blood and bone marrow samples at diagnosis and after 
follow-up from six patients with neuroblastoma, one patient with ganglioneuroma, and one patient 
with ganglioneuroblastoma. Results: The sensitivity of the assay was 1:106 peripheral WBCs. 
Four patients with stage IV neuroblastoma and one patient with stage III neuroblastoma were 
scored positive. The other stage III patient and the other two patients with ganglioneuroma and 
ganglioneuroblastoma followed by acute lymphoblastic leukemia, respectively, were scored 
negative. Control bone marrow aspirates were also negative. The TH assay is more sensitive 
than immunohistochemical detection, and the results of the TH assay corresponded with the 
results of MYCN amplification. Conclusions: The described TH assay is specific, sensitive, and 
semiquantitative and can be used for the detection of neuroblastoma cell involvement in bone 
marrow and blood at diagnosis and during therapy. Furthermore, the TH assay is a possible 
prognostic marker for neuroblastoma. 
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 Purpose: ONYX-015 is a genetically modified adenovirus with a deletion of the E1B early gene 
and is therefore designed to replicate preferentially in p53-mutated cells. A Phase II trial of 
intralesional ONYX-015 was conducted in patients with hepatobiliary tumors to determine the 
safety and efficacy of such a treatment. Experimental Design: All patients had biopsy-proven, 
measurable tumors of the liver, gall bladder, or bile ducts that were beyond the scope of surgical 
resection. Patients received intralesional injections of ONYX-015 at either 6 x 109 or 1 x 1010 
plaque-forming units/lesion up to a total dose of 3 x 1010 plaque-forming units, and i.p. injections 



were allowed in patients with malignant ascites. The status of p53 was assessed by 
immunohistochemistry or Affymetrix GeneChip microarray analysis. Studies were conducted for 
viral shedding and for the presence of antiadenoviral antibodies before and after the injection of 
ONYX-015. Patients were assessed for response and toxicity. Results: Twenty patients were 
enrolled, and 19 patients were eligible. Half of the patients had primary bile duct carcinomas. 
Serious toxicities (> grade 2) were uncommon and included hepatic toxicity (three patients), 
anemia (one patient), infection (one patient), and cardiac toxicity (one patient, atrial fibrillation). 
Sixteen patients were evaluable for response. Among these evaluable patients, 1 of 16 (6.3%) 
had a partial response, 1 of 16 (6.3%) had prolonged disease stabilization (49 weeks), and 8 of 
16 (50%) had a >50% reduction in tumor markers. Of the 19 eligible patients, 18 (94.7%) had 
specimens available for p53 analysis. Fifteen of these 18 patients (83.3%) had evidence of p53 
mutation by one or both methods, although the methods correlated poorly. Viral shedding was 
confined to bile (two of two patients) and ascites (four of four patients). Pretreatment adenoviral 
antibodies were present in 14 of 14 patients and increased by 33.2% after ONYX-015 treatment. 
Conclusions: Intralesional treatment with ONYX-015 in patients with hepatobiliary tumors is safe 
and well tolerated, and some patients had evidence of an anticancer effect. The high incidence of 
p53 mutations in these tumors makes this a logical population in which to test this therapy but 
precludes definitive evaluation about the necessity of a p53 mutation for ONYX-015 clinical 
activity. 
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 Purpose: Staging of the clinically N0 neck in patients with head and neck squamous cell 
carcinoma (HNSCC) using ultrasound-guided, fine needle aspiration cytology (USgFNAC) has a 
false-negative rate of [~]20% that might be caused by inaccurate cytology. Molecular analysis of 
aspirate residues might reduce the false-negative rate, and we therefore set up a quantitative 
reverse transcription-PCR (Q-RT-PCR) assay based on TaqMan technology using the squamous 
cell-specific antigen E48 (Ly-6D) as molecular marker. Experimental design: The detection limit of 
the assay was determined in reconstruction experiments. The sensitivity of the assay was tested 
on cytological tumor-positive aspirate residues and the specificity on lymph node aspirate 
residues of noncancer controls. Subsequently, 235 lymph node aspirate residues of 64 HNSCC 
patients staged with USgFNAC were examined for the presence of E48 mRNA. E48 Q-RT-PCR 
results of the aspirated lymph nodes were compared with cytology and clinical outcome. Results: 
The detection limit of E48 Q-RT-PCR was a single tumor cell in a background of 106 peripheral 
blood mononuclear cells. From the 41 aspirates that were not evaluable at cytology, 24 (59%) 
could be diagnosed with E48 Q-RT-PCR. In the 191 aspirates that were tumor negative or not 
evaluable at cytology, 8 samples from 6 patients were E48 positive. These results were confirmed 
by histology or clinical outcome in 3 of 6 patients. E48 Q-RT-PCR showed an increase in 
sensitivity from 56 to 67% and an increase in frequency of reached diagnosis from 97 to 100% 
compared with cytology. The specificity decreased from 100 to 92%. Conclusions: Real-time E48 
Q-RT-PCR is an accurate technique for squamous cell detection in lymph node aspirates of 
HNSCC patients. The assay shows an increase in sensitivity and frequency of reached diagnosis 
compared with cytology. The test could be implemented routinely in USgFNAC to diagnose cases 
for which cytological examination is not conclusive. 
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 Purpose: The use of tyrosine kinase receptor inhibitors is increasingly becoming a valuable 
therapeutic alternative in tumors carrying activated tyrosine kinase receptors. In a previous study, 
we described a coexpression of KIT and stem cell factor (SCF) mRNA in Synovial sarcomas, 
(SS) and in a limited number of cases, we demonstrated the presence of an activated receptor. 
Here, in a wider number of cases, we investigated the expression level and phosphorylation 
status of two structurally related tyrosine kinase receptors, KIT and platelet-derived growth factor 
receptor {beta} (PDGFR{beta}), at the light of their role as possible targets of tyrosine kinase 
receptors inhibitor molecules. Experimental Design: Forty-three SS cases were analyzed for KIT 
and PDGFR{beta} expression/activation by immunoprecipitation/Western blotting experiments. 
The cognate ligands, SCF and PDGFB, were detected by reverse transcription-PCR. Results: KIT 
was observed in 48 and 41% (45% total) whereas PDGFR{beta} in 54 and 33% (45% total) of 
monophasic and biphasic SS cases, respectively. With respect to the fusion transcript type 
SYTSSX1 and SYTSSX2, KIT was more expressed in SYTSSX1 carrying cases (48 versus 
38%), whereas PDGFR{beta} resulted more frequently expressed in SYTSSX2 ones (54 versus 
37%). When expressed, the receptors were phosphorylated. Their ligands were detected in all of 
the activated cases. Conclusions: About 70% of the cases express one of the two activated 
tyrosine kinase receptors with a mutually exclusive expression trend. Coexpression is not 
frequent and seems to be restricted to monophasic subtype. These data indicate that a consistent 
fraction of this tumor type could represent a good candidate for kinase inhibitor molecules 
effective on KIT and PDGFR{beta} where their activation is sustained by an autocrine loop. 
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 Purpose and Experimental Design: The role of RASSF1A has been elucidated recently in 
regulating apoptosis and cell cycle progression by inhibiting cyclin D1 accumulation. Aberrant 
RASSF1A promoter methylation has been found frequently in multiple adult cancer types. Using 
methylation-specific PCR and reverse transcription-PCR, we investigated epigenetic deregulation 
of RASSF1A in primary tumors, adjacent nontumor tissues, secondary metastases, peripheral 
blood cells, and plasma samples from children with 18 different cancer types, in association with 
their clinicopathologic features. Results: Regardless of the tumor size, ubiquitous RASSF1A 
promoter methylation was found in 67% (16 of 24) of pediatric tumors, including neuroblastoma, 
thyroid carcinoma, hepatocellular carcinoma, pancreatoblastoma, adrenocortical carcinoma, 
Wilms' tumor, Burkitt's lymphoma, and T-cell lymphoma. A majority (75%) of pediatric cancer 
patients with tumoral RASSF1A methylation was male. Methylated RASSF1A alleles were also 
detected in 4 of 13 adjacent nontumor tissues, suggesting that this epigenetic change is 
potentially an early and critical event in childhood neoplasia. RASSF1A promoter methylation 
found in 92% (11 of 12) of cell lines largely derived from pediatric cancer patients was 
significantly associated with transcriptional silencing/repression. After demethylation treatment 
with 5-aza-2'-deoxycytidine, transcriptional reactivation was shown in KELLY, RD, and Namalwa 
cell lines as analyzed by reverse transcription-PCR. For the first time, RASSF1A methylation was 
detected in 54% (7 of 13), 40% (4 of 10), and 9% (1 of 11) of buffy coat samples collected before, 
during, and after treatment, correspondingly, from pediatric patients with neuroblastoma, thyroid 
carcinoma, hepatocellular carcinoma, rhabdomyosarcoma, Burkitt's lymphoma, T-cell lymphoma, 
or acute lymphoblastic leukemia. Concordantly, RASSF1A methylation was found during 
treatment in plasma of the same patients, suggesting cell death and good response to 
chemotherapy. Conclusions: RASSF1A methylation in tumor or buffy coat did not correlate 
strongly with age, tumor size, recurrence/metastasis, or overall survival in this cohort of pediatric 
cancer patients. Of importance, epigenetic inactivation of RASSF1A may potentially be crucial in 
pediatric tumor initiation. 
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 Purpose: Treatment with IFN-{alpha} therapy has been shown to exhibit antitumor effects on 
patients with hepatocellular carcinoma (HCC). However, individual responses remained 
unpredictable because of the frequent presence of intrinsic or acquired IFN-{alpha} resistance. 
Hence, delineation of molecular targets implicated in the resistant pathway holds value in refining 
the therapeutic benefits of IFN-{alpha}. Experimental Design: The current study analyzed the 
effect of IFN-{alpha} in human HCC cells. Three hepatitis C virus (HCV)-related, five hepatitis B 
virus (HBV)-related and two non-B non-C-related cell lines were subjected to IFN-{alpha} 
treatment and the cytotoxic effect on cell viability was measured. Further analysis by cDNA 
microarray and quantitative reverse transcription-PCR were conducted to examine the gene 
expression changes that mediated the IFN-{alpha} resistance observed. Results: According to the 
IC50 values determined, HCV-related cell lines indicated distinct resistance (IC50, 389-1468 
units/mL) compared with the HBV-related (IC50, 11-77 units/mL) and non-B non-C-related cell 
lines (IC50, 24-108 units/mL). Unsupervised hierarchical clustering on array data indicated three 
HCV-related cell lines to cluster independently from the sensitive cell lines, suggesting discrete 
features in association with IFN-{alpha} tolerance. Moreover, Significance Analysis of Microarrays 
analysis indicated the differential expression of 149 expressed sequence tags that represented 
51 up-regulated and 98 down-regulated genes in the resistant cell lines. Comparing the temporal 
pattern of gene expression between 6- and 24-hour treatments, candidate genes that were 
considerably induced with time were further highlighted in the tolerant HCV-related cell lines. 
These candidates were verified by quantitative reverse transcription-PCR, which confirmed the 
down-regulation of UBA2, ZNF185, and FOXF1 and up-regulation of UBE4B in the drug-tolerant 
cells. Conclusions: Our present study showed that the insensitivity to IFN-{alpha} therapy in HCC 
cells is associated with drug-inducible transcriptional alterations. Furthermore, our investigation 
highlighted potential candidate genes in conferring an anti-apoptotic effect toward IFN-{alpha} 
treatment. 

 

Xi, L., J. D. Luketich, et al. (2005). "Molecular Staging of Lymph Nodes from Patients with Esophageal 
Adenocarcinoma." Clin. Cancer Res. 11(3): 1099-1109. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/3/1099  

 Purpose: This study was designed to evaluate molecular markers for the detection of 
micrometastasis in esophageal adenocarcinoma, define algorithms to distinguish positive from 
benign lymph nodes and to validate these findings in an independent tissue set and in patients 
with pN0 esophageal adenocarcinoma. Experimental Design: Potential markers were identified 
through literature and database searches. All markers were analyzed by quantitative reverse 
transcription (QRT)-PCR on a limited set of primary tumors and benign lymph nodes. Selected 
markers were further evaluated on a larger tissue set and classification algorithms were 
generated for individual markers and combinations. Algorithms were statistically validated 
internally as well as externally on an independent set of lymph nodes. Selected markers were 
then used to identify occult disease in lymph nodes from 34 patients with pN0 esophageal 
adenocarcinoma. Results: Thirty-nine markers were evaluated, six underwent further analysis 
and five were analyzed in the external validation study. Two markers provided perfect 
classification in both the screening and validation sets, although parametric bootstrap analysis 
estimated 2% to 3% optimism in the observed classification accuracy. Several marker 
combinations also gave perfect classification in the observed data sets, and estimates of 



optimism were lower, implying more robust classification than with individual markers alone. Five 
of thirty-four patients with esophageal adenocarcinoma had positive nodes by multimarker QRT-
PCR analysis and disease-free survival was significantly worse in these patients (P = 0.0023). 
Conclusions: We have identified novel QRT-PCR markers for the detection of occult lymph node 
disease in patients with esophageal adenocarcinoma. The objective nature of QRT-PCR results, 
and the ability to detect occult metastases, make this an attractive alternative to routine 
pathology. 
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 Purpose: The aim of this study was to evaluate the prevalence and the clinical significance of 
HIN-1 mRNA expression in early stage non-small cell lung carcinomas (NSCLCs). Experimental 
Design: A series of 91 NSCLC patients with stage I neoplastic disease was studied. HIN-1 
expression was investigated by quantitative real-time reverse transcription-PCR on tumor 
specimens and matching normal lung tissues. Variables were analyzed by {chi}2 test and Fisher's 
exact tests. Survival was evaluated with the method of Kaplan-Meier. Multivariate analysis was 
performed with Cox's proportional hazards model. Results: Seventy one (78%) tumors showed a 
reduction of HIN-1 mRNA compared with the normal counterpart. The range of reduction varied 
greatly, from -2-fold to -3350-fold. Setting a cutoff at -46-fold (median value of HIN-1 mRNA 
reduction), 46 cases (51%) had a markedly reduced expression, and 45 cases (49%) showed a 
normal or slightly reduced expression. A statistically significant association between low HIN-1 
mRNA levels and T status was observed (P = 0.036). Univariate survival curves, estimated using 
the method of Kaplan-Meier, defined a significant association between HIN-1 expression and 
both overall survival (P = 0.0095) and disease-free survival (P = 0.0122). A multivariate analysis, 
performed by Cox's proportional hazards regression model, confirmed that a low HIN-1 
expression was the only significant factor to predict poor prognosis. Conclusions: Our data 
indicate that HIN-1 expression, measured by real-time reverse transcription-PCR, is a possible 
prognostic factor in patients with stage I NSCLC. Additional studies are required to further 
validate this potential prognostic marker. 
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 Purpose: The transcription factor CCAAT/enhancer binding protein {alpha}, encoded by the 
CEBPA, is crucial for the differentiation of immature granulocytes. Mutation of the CEBPA may 
play an important role in leukemogenesis and prognosis. We sought to characterize the CEBPA 
mutation in acute myeloid leukemia (AML) and to clarify if there is a distinct immunophenotype for 
leukemic cells with the mutation. Experiment Design: One hundred and four patients with de novo 
AML were evaluated for the CEBPA mutation and immunophenotype of the leukemic cells. 
Results: Twenty-two distinct mutations were identified in 16 (15%) of 104 AML patients. Fourteen 
patients had biallelic mutations, mostly involving both the NH2-terminal TAD1 region and the 
COOH-terminal basic leucine zipper domain (bZIP). The mutations in the bZIP region were 
always tandem duplications and were located at hot-spot regions for topoisomerase II sites. 
Sequential study of the CEBPA mutations showed that the mutations disappeared at complete 
remission but the same mutations reappeared at relapse. None of the patients developed novel 



mutations during the follow-up period. Patients with CEBPA mutations had significantly higher 
incidences of CD7 (73%), CD15 (100%), CD34 (93%), and HLA-DR (93%) expression on the 
leukemic cells. Conclusion: These data revealed that most AML with CEBPA mutations were 
associated with an immunophenotype of HLA-DR+CD7+CD13+CD14-CD15+CD33+CD34+. The 
close relationship of CEBPA mutations with the leukemia status of the patients and the 
concordance of mutation in presenting and relapse samples implicate the CEBPA mutation as a 
potential marker for monitoring minimal residue disease. 
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 Purpose: Measles virus (MV) causes the regression of human lymphoma xenografts. The 
purpose of this study was to determine if canine lymphoid cells could be infected in vitro with MV 
or canine distemper virus (CDV, the canine Morbillivirus equivalent of MV) and determine if in 
vitro viral infection leads to apoptotic cell death. Experimental Design: Reverse transcriptase-PCR 
was used to examine the expression of both signal lymphocyte activation molecule (CD150) and 
membrane cofactor molecule (CD46) mRNA. An attenuated CDV expressing enhanced green 
fluorescent protein was used to infect canine cells in vitro. Both flow cytometry and reverse 
transcriptase-PCR was used to document CDV infection. Cell death was examined using a 
propidium iodide staining assay and Annexin V binding. Results: Canine lymphoid cell lines and 
neoplastic B and T lymphocytes collected from dogs with spontaneous lymphoma expressed the 
Morbillivirus receptor CD150 mRNA. In contrast, only neoplastic lymphocytes expressed 
detectable levels of CD46 mRNA. Although MV did not infect canine cells, CDV efficiently 
infected between 40% and 70% of all three canine lymphoid lines tested. More importantly, CDV 
infected 50% to 90% of neoplastic lymphocytes isolated from dogs with both B and T cell 
lymphoma. Apoptosis of CDV-infected cell lines was documented. Conclusions: Attenuated CDV 
may be a useful treatment for canine lymphoma. As such, dogs with lymphoma may represent a 
biologically relevant large animal model to investigate the feasibility, safety, and efficacy of 
Morbillivirus therapy in a clinical setting with findings that may have direct applicability in the 
treatment of human non-Hodgkin's lymphoma. 
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 Although the receptor for interleukin-4 (IL-4R) is highly expressed on solid human cancer cells, its 
significance and internalization function is still unclear. To address these issues, we reconstituted 
Chinese hamster ovarian (CHO-K1) cells with various components of the IL-4R by transient 
transfection and performed internalization assays using radiolabeled IL-4. Radiolabeled IL-4 
internalized through the IL-4R{alpha} chain in a time-dependent manner. When the IL-4R{alpha} 
chain was cotransfected with the IL-13R{alpha}1 or -{gamma}c chain, the IL-4 internalization level 
was identical to IL-4R{alpha} transfectants, suggesting that the IL-4R{alpha} chain plays a major 
role in IL-4 internalization. These results were confirmed by determining the cytotoxicity of a 
chimeric protein composed of IL-4 and a mutated form of Pseudomonas exotoxin [IL4(38-37)-
PE38KDEL] in CHO-K1 cells transfected with increasing concentrations of IL-4R{alpha} cDNA. To 
use the internalization property of the IL-4R{alpha} chain in the context of IL-4R-targeted 
cytotoxin therapy, we transiently transfected pancreatic and brain tumor cells with IL-4R{alpha} 
chain. Surprisingly, these tumor cells acquired 4-75-fold higher binding activity to IL-4 compared 



with control cells. Consequently, the cytotoxic activity of IL-4 toxin to these cancer cells was 
enhanced 5-13-fold compared with control cells as assessed by protein synthesis inhibition and 
clonogenic assays. Taken together, a combination approach that involves transfer of the IL-
4R{alpha} gene and IL-4R-targeted cytotoxin therapy may serve as a novel approach for cancer 
therapy. 
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Correlates with Absence or Presence of Metastatic Phenotype in an Isogenic Model of 
Spontaneous Human Breast Cancer Metastasis." Clin. Cancer Res. 8(1): 61-74. 
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 Knowledge of the molecular mechanisms involved in metastatic spread is needed to facilitate 
advances in prognostic evaluation for individual patients and in the design of therapeutic 
interventions to inhibit the process. In an effort to establish a methodological framework for 
analysis of molecules and mechanisms involved in this complex multistep process, we have 
developed a well defined experimental system, in which the role of candidate genes can be 
screened and tested. By serial dilution cloning of the MDA-MB-435 breast tumor cell line and 
screening by orthotopic implantation into the mammary fat pad of athymic mice, we have derived 
a pair of breast tumor cell lines (M-4A4 and NM-2C5) that originate from the same breast tumor 
but have diametrically opposite metastatic capabilities. In 74% of inoculated athymic mice, clone 
M-4A4 metastasized consistently to the lungs, mimicking a major dissemination route of human 
breast cancer. Conversely, although equally tumorigenic, clone NM-2C5 did not metastasize to 
any distal site. We have confirmed that the cell lines originate from a single genetic source by 
spectral karyotyping and evaluated the expression of a number of proteins previously implicated 
in cellular transformation and metastasis. The ability of M-4A4 to metastasize was not associated 
with increased angiogenesis, as measured by immunohistochemical microvessel density 
analysis. However, RNA and protein analyses revealed that two secreted proteins were 
differentially expressed: osteopontin expression was increased [~]30-fold in clone M-4A4 and 
thrombospondin-1 expression was increased [~]15-fold in clone NM-2C5. These cell lines 
constitute a stable and accessible model for the identification of genes involved in the multistep 
process of breast tumor metastasis. Manipulation of candidate genes in these cells will permit 
evaluation of their functional significance in the geometric progression of breast cancer. 
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 Purpose: 9p21 is a major target in the pathogenesis of human urinary bladder cancer. The locus 
harbors the CDKN2A/ARF tumor suppressor gene, which encodes two cell cycle regulatory 
proteins cyclin dependent kinase 2A (p16INK4a) and alternate reading frame (p14ARF). We have 
designed a real-time quantitative PCR (QPCR) application to study homozygous deletion (HD) of 
CDKN2A/ARF in 186 urinary bladder cancer patients. Experimental Design: Real-time QPCR, 
based on simultaneous amplification of ARF and a reference gene, GAPDH, was developed and 
evaluated in three melanoma cell lines with HDs at the CDKN2A/ARF locus (IGR-1, SK-MEL-5, 
and WM-266-4). In addition, loss of heterozygosity was analyzed at the D9S942, D9S1748, and 
D12S99 markers. Mutation analysis of the CDKN2A/ARF gene was performed using single-
strand conformational polymorphism and sequencing. Results from the present investigation were 
combined with previous p53 analysis of the same urinary bladder neoplasms. Results: Real-time 
QPCR analysis showed 26 (14%) HDs, 22 (12%) hemizygous deletions, and 3 (2%) multiple 



duplications. Loss of heterozygosity was determined in 30 (22%) cases at the D9S942 locus, 
which is located between E1{alpha} and E1{beta} of the CDKN2A/ARF gene. No association was 
established between occurrence of genetic aberrations at 9p21 and tumor stage or grade, 
supporting previous suggestions that CDKN2A/ARF inactivation is an early event in bladder 
carcinogenesis. Conclusions: We have established a fast and efficient method for detection of 
HDs. Our data support the notion that inactivation, including HDs, of CDKN2A/ARF is an early 
event in transitional cell carcinoma. We observed separate and specific targeting of the CDKN2A 
and ARF genes, respectively, and that simultaneous inactivation of ARF and p53 occurs. 
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 Purpose: The role of growth factors in ovarian cancer development and progression is complex 
and multifactorial. We hypothesized that new growth factors may be identified through the 
molecular analysis of ovarian tumors as they exist in their native environment. Experimental 
Design: RNA extracted from microdissected serous low malignant potential (LMP) and invasive 
ovarian tumors was used to construct cDNA libraries. A total of 7300 transcripts were randomly 
chosen for sequencing, and those transcripts were statistically evaluated. Reverse transcription-
PCR and immunohistochemistry were used to validate the findings in tumor tissue samples. 
Ovarian cancer cell lines were used to test gene effects on monolayer growth, proliferative 
capacity, and density-independent growth. Results: Analysis of the pooled library transcripts 
revealed 26 genes differentially expressed between LMP and invasive ovarian cancers. The 
granulin-epithelin precursor [GEP/PC-cell derived growth factor (PCDGF)] was expressed only in 
the invasive ovarian cancer libraries (P < 0.028) and was absent in the LMP libraries (0 of 2872 
clones). All of the invasive tumor epithelia, 20% of the LMP tumor epithelia, and all of the stroma 
from both subsets expressed GEP by reverse transcription-PCR. Immunohistochemical staining 
for GEP was diffuse and cytosolic in invasive ovarian cancer tumor cells compared with 
occasional, punctate, and apical staining in LMP tumor epithelia. Antisense transfection of GEP 
into ovarian cancer cell lines resulted in down-regulation of GEP production, reduction in cell 
growth (P < 0.002), decrease in the S-phase fraction (P < 0.04), and loss of density-independent 
growth potential (P < 0.01). Conclusion: cDNA library preparation from microdissected tumor 
epithelium provided a selective advantage for the identification of growth factors for epithelial 
ovarian cancer. Differential granulin expression in tumor samples and the antiproliferative effects 
of its antisense down-regulation suggest that GEP may be a new autocrine growth factor and 
molecular target for epithelial ovarian cancer. 
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 Purpose: ONYX-015 is a chimeric, E1B-deleted adenovirus designed to replicatepreferentially in 
p53-deficient tumor cells; however, little is understood about its actual replication potential in 
human tumors. We hypothesized that replication of a late viral gene, hexon, would demonstrate 
replication of virus in human tissues. Experimental Design: In the course of a clinical trial, a 
patient with paired abdominal wall implants from a primary gall bladder carcinoma was injected 
with ONYX-015, 1 x 1010 viral particles/lesion, followed by sequential excision of the lesions at 
37 h and 7 days. Tissue sections were analyzed for evidence of viral replication. Results: In situ 
Reverse transcription-PCR was used to measure expression of hexon. Strong signals were 



obtained in gland-forming tumor cells both at 37 h and at 7 days. Signal was predominantly 
observed in the cytoplasm. The signal was also observed in adjacent normal stromal cells. 
Analysis of p53 status of the tumor by immunohistochemistry and Affymetrix Genechip 
demonstrated an inactivating mutation in p53. Routine H&E staining of the tumor sections 
revealed no evidence of necrosis at 37 h or 7 days after injection of virus. Presence of viral 
protein at both 37 h and 7 days was confirmed by immunohistochemistry using antibodies 
directed against hexon, penton, and fiber proteins. Conclusions: Evidence for replication of hexon 
confirms that ONYX-015 is not only present but capable of replicating in tumor cells up to 1 week 
after intralesional injection and that replication is not confined to p53-mutated tumor cells. 
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 Purpose: To screen and validate the global gene expression in papillary thyroid carcinoma (PTC) 
using cDNA expression arrays and immunohistochemistry on tumor tissue microarrays in an 
attempt to find genes that may be of importance in the molecular pathogenesis and malignant 
progression of PTC. Experimental Design: Eighteen PTC tissue specimens were compared with 
three morphologically normal thyroid specimens by applying Atlas Human Cancer 1.2 Array 
membranes printed with cDNAs of 1176 human genes involved in cancer. Results for selected 
genes were confirmed by reverse transcription-PCR. Protein expression of selected genes was 
further studied using a tissue microarray consisting of 107 PTCs and compared with histologically 
normal thyroid tissue samples. Results: By cDNA arrays, two genes [c-MET and matrix 
metalloproteinase (MMP)-11] were expressed only in tumor tissue, where they were present in 
>50% of cases. Ten genes [macrophage inhibitory cytokine-1, CGD, fibronectin (FN), hypoxia-
inducible factor 1, Fc-{epsilon}-receptor {gamma}-chain, lactate dehydrogenase A, HLA-DBP1, 
AH receptor, tissue inhibitor of metalloproteinase (TIMP-1), and glycyl-tRNA-synthetase] were 
found to be up-regulated >2-fold in 40-100% of cancers, whereas 9 genes (GADD153, polykystic 
kidney disease-1, CYR61, DPC4, HBA1, gravin, DLG3, protein tyrosine phosphatase {varsigma}, 
and heterochromatin protein 1 homologue-{alpha}) were down-regulated to <50% of their normal 
levels in 40-94% of cases. Conventional reverse transcription-PCR gave consistent results with 
the cDNA array findings for all four genes selected to be studied (c-MET, FN, TIMP-1, and 
GADD153). Immunohistochemistry for three selected proteins, FN, MMP-11, and TIMP-1, 
showed positive staining in 81, 87, and 68% of the tumor samples, respectively. Conclusions: 
Several novel and previously undetected tumor promoting/inhibiting genes may be of importance 
in the molecular pathogenesis and malignant progression of PTC. Transcription of these genes 
may result in overexpression of proteins, such as c-MET, MMP-11, TIMP-1, and FN, which may 
contribute to the pathogenesis of PTC. 
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 Purpose: The purpose of this study was to determine the potentialof cancer testis (CT) antigens 
as vaccines for non-Hodgkin's lymphomas (NHLs). Experimental Design: Ninety-three specimens 
of NHLs were analyzed for their composite expression of eight CT genes (MAGE-3, MAGE-4, CT-
7, HOM-MEL-40/SSX-2, SSX-1, SSX-4, HOM-TES-14/SCP-1, and HOM-TES-85). Thirty-nine of 
these specimens were also analyzed for their NY-ESO-1 expression. Results: Only 1 of 7 cases 



of chronic lymphocytic leukemia expressed a CT gene (HOM-TES-14/SCP-1), and 10 follicular 
lymphomas were negative for all of the CT genes tested. In B-cell lymphomas, the most frequent 
expression of CT genes was observed in diffuse large-cell lymphomas (HOM-TES-14/SCP-1: 7 of 
28; SSX-1: 5 of 28; CT-7: 2 of 28; and HOM-MEL-40/SSX-2 and HOM-TES-85: 1 of 28 positive 
cases). Only 1 of 8 Burkitt's and 1 of 7 lymphoblastic lymphomas expressed a CT gene (CT7 and 
HOM-TES-14/SCP-1, respectively). A majority (9 of 15) of T- NHLs (9 peripheral T-cell 
lymphomas, 2 lymphoblastic T-cell lymphomas, and 4 cases of AILD) expressed HOM-TES-
14/SCP-1. Conclusions: HOM-TES-14/SCP-1, and to some degree SSX-1 and CT-7 might be 
candidates for lymphoma vaccine development. However, the identification of additional tumor-
specific antigens with a frequent expression in lymphomas is warranted to allow for the 
development of widely applicable polyvalent lymphoma vaccines. 
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 The vast majority of women with advanced ovarian cancer will ultimately relapse and develop a 
drug-resistant disease with an overall 5-year survival of <50%. Unfortunately, the mechanisms of 
drug resistance actually operating in patients are still unknown. To address this issue, in 41 
patients affected by advanced ovarian cancer the three main mechanisms of paclitaxel resistance 
were investigated: overexpression of MDR-1 gene, point mutations at prominently 
expressed{alpha} -tubulin and {beta}-tubulin genes and selective alterations in the expression of 
{beta}-tubulin isotypes. MDR-1 and the {beta}-tubulin isotypes expression were evaluated by 
semiquantitative and real-time PCR. On the same specimens, quantitative immunohistochemistry 
was also done in the tumor area. No statistically significant changes of MDR-1 expression were 
noticed between the sensitive and resistant patients either at the mRNA or protein level. The 
tubulin mutations for the ubiquitous{alpha} -tubulin and {beta}-tubulin genes were evaluated by 
automated DNA sequencing, and in all patients, no mutations were detected in both resistant and 
sensitive cases. With regard to the expression of tubulin isoforms, a statistically significant up-
regulation of class III {beta}-tubulin was found in the resistant subset. It is worth noting that this 
statistically significant increase of the expression of class III {beta}-tubulin was detectable at the 
mRNA and protein level. By a direct comparison of the three main known mechanisms of 
paclitaxel resistance, this study indicates that overexpression of class III {beta}-tubulin is the most 
prominent mechanism of paclitaxel resistance in ovarian cancer. 
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 Thymidylate synthase (TS), the target enzyme of the fluoropyrimidine class of drugs, has a 28-bp 
repeat polymorphism in the promoter region that has been associated with response of tumors to 
5-fluorouracil-based therapy. Patients homozygous for the double repeat (2R/2R) in the TS gene 
have an overall better outcome from treatment than patients homozygous for the triple repeat 
(3R/3R). However, due to loss of heterozygosity at the TS locus on chromosome 18 in cancer 
cells, heterozygous 2R/3R individuals can acquire the 2R/loss or the 3R/loss genotype in their 
tumors. The purpose of this study was to determine whether the response of colorectal cancer to 
fluoropyrimidine therapy is associated with the resulting tumor TS genotype when loss of 
heterozygosity occurs in tumor DNA. A total of 30 colorectal cancer patients treated with the 
fluoropyrimidine-based combination S-1, all of whom had stage IV disease, were studied. The 



response rate to S-1 in this group of patients was 13 of 30 (43%). The heterozygous 2R/3R 
genotype was found in 22 of 30 normal tissues, whereas 10 (45%) of the matched cancer tissues 
showed only the 2R-sequence band (2R/loss), and 7 cancer tissues (32%) showed only the 3R-
sequence band (3R/loss). The response rate of the 2R/loss tumor genotype patients was 80% (8 
of 10) compared with 14% (1 of 7) in the 3R/loss genotype group (P = 0.029). Patients with tumor 
3R/loss genotypes had significantly lower survival than 2R/loss genotypes. Heterozygous patients 
with a 2R/loss tumor genotype had the same survival as 2R/2R patients, whereas patients with a 
2R/3R tumor genotype had a short survival similar to homozygous 3R/3R genotypes. These 
results show that: (a) response to 5-fluorouracil-based therapy is determined by tumor genotype; 
and (b) the 3R repeat is a direct negative determinant of outcome. 
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 Purpose: Gastrointestinal neuroendocrine carcinoma (NEC) is extremely aggressive, but its 
pathophysiologic features remain poorly understood. There have been no biologically specific 
markers for this disease. In this study, distinctive up-regulation of human achaete-scute 
homologue 1 (hASH1) in gastrointestinal NECs was clarified. Experimental Design: Expression of 
hASH1 in NECs (n=10), carcinoid tumors (n = 10), other tumors (10adenocarcinomas, 2 
squamous cell carcinomas and 1 malignant lymphoma), and the corresponding normal mucosa 
were investigated by in situ hybridization, reverse transcription-PCR (RT-PCR), real-time RT-
PCR, and immunohistochemistry. Results: By in situ hybridization, mild to intense signals of 
hASH1 mRNA were detected in 9 of 10 NECs, but not in other tumors or normal mucosa, except 
for focally weak signals in one carcinoid tumor. RT-PCR showed strong expression of hASH1 in a 
small cell NEC, followed by a moderately differentiated NEC, and a carcinoid tumor, whereas it is 
undetectable in adenocarcinomas or normal mucosa. By real-time RT-PCR, the amounts of 
hASH1 mRNA in a small cell NEC were 16,600 times higher than those in adenocarcinomas and 
110 times higher than those in a carcinoid tumor. Immunohistochemically, mammalian 
homologue of hASH1 was positive in 7 of 10 NECs but was negative in the other tumors. Pan-
endocrine markers chromogranin A and synaptophysin were positive in almost all carcinoid 
tumors, in 4 and 7 of the 10 NECs, respectively. Conclusions: These findings revealed that 
hASH1 is distinctly up-regulated in gastrointestinal NECs. hASH1 may be used as a more 
sensitive and specific marker than conventional pan-endocrine markers for clinical diagnosis of 
gastrointestinal NECs. 
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 Purpose: To identify alternative splicing of the liver intestine-cadherin (LI-cadherin) gene in 
hepatocellular carcinoma (HCC) and correlate its aberrant expression with clinical outcomes. 
Experimental Design: Reverse transcription-PCR (RT-PCR) and quantitative real-time RT-PCR 
were used to examine alternative mRNA splicing and mRNA level of LI-cadherin in 50 paired 
tumor-peritumor tissues of 50 HCC and 8 normal liver specimens. The minigene exon-trapping 
strategy was employed to investigate the splicing mechanism introduced by nucleotide 
polymorphisms. Association of LI-cadherin splicing with tumor venous infiltration, first-year tumor 
recurrence, and overall survival after partial hepatectomy were determined. Results: Alternative 
mRNA splicing of LI-cadherin was identified in half of the HCC specimens. Sequencing analysis 
indicated the loss of exon 7 in the spliced LI-cadherin gene. LI-cadherin mRNA was up-regulated 



from 2.58-fold to 800-fold in over 80% of HCC samples when compared with normal liver by 
quantitative PCR. Furthermore, nucleotide polymorphisms were identified in putative branch point 
at IVS6 + 35 (intron 6) as well as in coding sequence 651 (exon 6) in HCC tissues, which may 
affect alternative mRNA splicing. Clinically, those patients who harbored the alternative splicing of 
LI-cadherin were strongly associated with shorter overall survival time (P < 0.01) as well as 
higher incidences of tumor recurrences and venous infiltration (both P < 0.05) after hepatectomy. 
Conclusions: Over-expression of LI-cadherin was frequently detected in liver cancer patients. 
Aberrant alternative splicing of LI-cadherin was detected in 50% of HCC specimens and its 
clinical significance hinted at early tumor recurrence and poor overall survival of HCC patients. 
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 Purpose: Recently, familial paraganglioma (PGL) was shown to be caused bymutations in the 
gene encoding succinate dehydrogenase subunit D (SDHD). However, the prevalence of SDHD 
mutations in apparently sporadic PGL is unknown. We studied the frequency and spectrum of 
germ-line and somatic SDHD mutations in patients with parasympathetic PGL. Experimental 
Design: We studied 57 unselected patients who developed parasympathetic PGLs (n = 105 
tumors) and who were treated between 1987 and 1999 at the Erasmus MC (Rotterdam, the 
Netherlands). Thirty-eight (67%) of these patients (n = 51 tumors) lacked a family history of 
parasympathetic PGL. We used conformation-dependent gel electrophoresis and sequence 
determination analysis of germ-line and tumor DNA to identify SDHD mutations. We compared 
the clinical and molecular characteristics of sporadic and hereditary PGLs. Results: Three 
different SDHD germ-line mutations were identified in 32 of the 57 (56%) patients. These included 
19 of 19 (100%) patients with familial PGL and also 13 of 38 (34%) patients with apparently 
sporadic PGL. All three mutations were characterized as missense mutations (D92Y, L95P, and 
L139P) in highly conserved regions of the SDHD gene and were not observed in 200 control 
alleles. No somatic mutations were found. Conclusions: Germ-line mutations of the SDHD gene 
are present in a significant number of patients with apparently sporadic parasympathetic PGL. 
Somatic SDHD mutations do not play a significant role in the sporadic form of this tumor. Genetic 
testing for SDHD germ-line mutations should be considered for every patient presenting with this 
tumor, even if a personal or family history of PGL is absent, to allow appropriate clinical 
management. 
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 Purpose: Overexpression of the excision repair cross-complementing 1 (ERCC1) gene, which is 
crucial in the repair of cisplatin (CDDP)-DNA adducts, is reported to negatively influence the 
effectiveness of CDDP-based therapy for gastric and ovarian cancers. Recent evidence indicates 
that Gemcitabine (Gem) may modulate ERCC1 nucleotide excision repair activity, and down-
regulation of DNA repair activity by ERCC1 antisense RNA reportedly inhibits synergism of 
CDDP/Gem. We investigated whether ERCC1 mRNA expression levels were associated with 
clinical outcomes after treatment with a combination Gem/CDDP regimen for patients with 
advanced stage non-small cell lung cancer (NSCLC). Experimental Design: Response and 
survival were correlated with the level of ERCC1 expression in 56 patients with advanced (stage 



IIIb or IV) NSCLC treated as part of a multicenter randomized trial with Gem 1250 mg/m2 days 1 
and 8 plus CDDP 100 mg/m2 on day 1 every 3 weeks. mRNA was isolated from paraffin-
embedded pretreatment primary tumor specimens, and relative expression levels of 
ERCC1/{beta}-actin were measured using a quantitative reverse transcription-PCR (Taqman) 
system. Results: ERCC1 expression was detectable in all tumors. There were no significant 
differences in ERCC1 levels by gender, age, performance status, weight loss, or tumor stage. 
The overall response rate was 44.7%. There were no significant associations between ERCC1 
expression and response. Median overall survival was significantly longer in patients with low 
ERCC1 expression tumors (61.6 weeks; 95% confidence interval, 42.4-80.7 weeks) compared to 
patients with high expression tumors (20.4 weeks, 95% confidence interval, 6.9-33.9 weeks). 
ERCC1 expression, Eastern Cooperative Oncology Group performance status, and presence of 
weight loss were significant prognostic factors for survival in a Cox proportional hazards 
multivariable analysis. Conclusions: These data suggest that ERCC1 expression is a predictive 
factor for survival after CDDP/Gem therapy in advanced NSCLC. Although there was a trend 
toward decreased response with high ERCC1 mRNA levels, this difference failed to reach 
statistical significance. This result may reflect the impact of Gem and the requirement for ERCC1 
expression for CDDP/Gem synergism or may be attributable to the relatively small patient sample 
size in this study. Prospective studies of ERCC1 as a predictive marker for activity of CDDP-
based regimens in NSCLC are warranted. 
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 Purpose: Growth factor receptor expression and activation, particularly for epidermal growth 
factor (EGF) and hepatocyte growth factor (HGF), in many endocrine and nonendocrine tumors is 
important in determining tumor recurrence, growth, and aggressiveness. Whether this is true of 
neuroendocrine tumors such as gastrinomas is unclear. Experimental Design: To address this 
question, we analyzed the extent of EGFR and HGFR expression in gastrinomas from 38 patients 
with Zollinger-Ellison syndrome and correlated it with clinical and tumor characteristics. EGFR (n 
= 38) and HGFR (n = 22) mRNA levels were determined by competitive PCR, and 
immunohistochemistry was performed on a subset. Results: In each of the gastrinomas studied, 
detectable levels of EGFR and HGFR mRNA were present. Low levels of EGFR protein 
expression were detected in 40% of gastrinomas and HGFR protein expression in 90%. EGFR 
mRNA expression varied by 1050-fold and HGFR by 375-fold. Eighteen percent of gastrinomas 
overexpressed EGFR mRNA and 14% overexpressed HGFR mRNA, compared with normal 
pancreas. Maximal EGFR and HGFR mRNA levels were 4- and 1.2-fold increased and correlated 
with the presence of liver metastases (P = 0.034) and decreased long-term curability (P = 0.027) 
but not tumor location, size, or tumor functional characteristics. Conclusions: These above results 
indicate that EGFR and HGFR mRNA are universally expressed in gastrinomas. Furthermore, 
each is overexpressed in a minority (15-20%) of the gastrinomas, and the overexpression 
correlates with aggressive growth and lower curability. 

 

Tomizawa, Y., T. Kohno, et al. (2002). "Clinicopathological Significance of Epigenetic Inactivation of 
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 Purpose: Chromosome 3p is deleted frequently in various types of human cancers, including lung 
cancer. Recently, the RASSF1A gene was isolated from the 3p21.3 region homozygously deleted 



in lung and breast cancer cell lines, and it was shown to be inactivated by hypermethylation of the 
promoter region in lung cancers. In this study, we investigated the pathogenetic and 
clinicopathological significances of RASSF1A methylation in the development and/or progression 
of lung adenocarcinoma. Experimental Design: Association of RASSF1A methylation with 
clinicopathological features, allelic imbalance at 3p21.3, p53 mutations, and K-ras mutations was 
examined in 110 stage I lung adenocarcinomas. Results: Thirty-five of 110 (32%) tumors showed 
RASSF1A methylation. RASSF1A methylation was dominantly detected in tumors with vascular 
invasion (P = 0.0242) or pleural involvement (P = 0.0305), and was observed more frequently in 
poorly differentiated tumors than in well (P = 0.0005) or moderately (P = 0.0835) differentiated 
tumors. Furthermore, RASSF1A methylation correlated with adverse survival by univariate 
analysis (P = 0.0368; log-rank test) as well as multivariate analysis (P = 0.032; risk ratio 2.357; 
95% confidence interval, 1.075-5.169). The correlation between RASSF1A methylation and allelic 
imbalance at 3p21.3 was significant (P = 0.0005), whereas the correlation between RASSF1A 
methylation and p53 mutation was borderline (P = 0.0842). However, there was no correlation or 
inverse correlation between RASSF1A methylation and K-ras mutation (P = 0.2193). 
Conclusions: These results indicated that epigenetic inactivation of RASSF1A plays an important 
role in the progression of lung adenocarcinoma, and that RASSF1A hypermethylation appears to 
be a useful molecular marker for the prognosis of patients with stage I lung adenocarcinoma. 

 

Wei, S. H., C.-M. Chen, et al. (2002). "Methylation Microarray Analysis of Late-Stage Ovarian Carcinomas 
Distinguishes Progression-free Survival in Patients and Identifies Candidate Epigenetic Markers." 
Clin. Cancer Res. 8(7): 2246-2252. 
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 Purpose: The purpose of this study was to profile methylation alterations of CpG islands in 
ovarian tumors and to identify candidate markers for diagnosis and prognosis of the disease. 
Experimental Design: A global analysis of DNA methylation using a novel microarray approach 
called differential methylation hybridization was performed on 19 patients with stage III and IV 
ovarian carcinomas. Results: Hierarchical clustering identified two groups of patients with distinct 
methylation profiles. Tumors from group 1 contained high levels of concurrent methylation, 
whereas group 2 tumors had lower tumor methylation levels. The duration of progression-free 
survival after chemotherapy was significantly shorter for patients in group 1 compared with group 
2 (P < 0.001). Differential methylation in tumors was independently confirmed by methylation-
specific PCR. Conclusions: The data suggest that a higher degree of CpG island methylation is 
associated with early disease recurrence after chemotherapy. The differential methylation 
hybridization assay also identified a select group of CpG island loci that are potentially useful as 
epigenetic markers for predicting treatment outcome in ovarian cancer patients. 
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 Purpose: Prostate-specific antigen (PSA) test has become a widely used screening test in 
prostate cancer (CaP). However, low specificity of serum PSA leads to many false-positive and 
false-negative results and clinical uncertainty. Development of CaP-specific diagnostic and 
prognostic markers is needed. Detection of circulating PSA-expressing cells (CPECs) in blood 
and bone marrow of CaP patients has potential in molecular diagnosis and prognosis. Our novel 
observations of the frequent presence of CPECs in CaP patients with organ-confined disease by 
reverse transcription (RT)-PCR-PSA assay in epithelial cells enriched from peripheral blood 
(ERT-PCR/PSA) have led us to test the hypothesis that CPECs have diagnostic potential for 



CaP. Experimental Design: Epithelial cells from peripheral blood of radical prostatectomy patients 
or prostate biopsy patients were isolated using antiepithelial cell antibody, Ber-EP4-coated 
magnetic beads, and total RNA specimens from these cells were analyzed for PSA expression by 
RT-PCR. Results: Peripheral blood specimens of 108 of 135 (80.0%) CaP patients were positive 
in ERT-PCR/PSA assay. Peripheral blood specimens from 45 control men were virtually negative 
(97.8%). In the blinded investigation, 84 patients who had biopsy for suspicion of CaP were 
evaluated by ERT-PCR/PSA assay. Eighteen of 22 (81.8%) patients with biopsy-proven CaP 
were positive, and 54 of 62 (87.1%) patients with biopsy negative for CaP were negative in this 
assay (P < 0.001). Conclusions: Our study provides intriguing novel results showing that the 
majority of patients with clinically organ-confined CaP contain CPECs. Strong concordance 
between the biopsy results and ERT-PCR/PSA assay (sensitivity 81.8%; specificity 87.1%) 
suggests a potentially new diagnostic application of this type of assay in CaP diagnosis. 

 

Gonzalgo, M. L., C. P. Pavlovich, et al. (2003). "Prostate Cancer Detection by GSTP1 Methylation 
Analysis of Postbiopsy Urine Specimens." Clin. Cancer Res. 9(7): 2673-2677. 
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 Purpose: We assess the feasibility of a urinary test for prostate cancer detection in a high-risk 
patient cohort based on methylation-specific PCR analysis of the {pi} class glutathione S-
transferase (GSTP1) gene promoter. Experimental Design: A total of 45 men underwent 
transrectal ultrasound-guided biopsy of the prostate for suspected malignancy. Clean-catch 
voided urine specimens were prospectively collected from each patient immediately after biopsy. 
Genomic DNA was isolated from urine specimens and subjected to sodium bisulfite modification. 
Methylation of the GSTP1 promoter was examined in a blinded manner by methylation-specific 
PCR analysis and correlated with pathology results, and clinical information was obtained from 
the patient record. Results: Methylation of GSTP1 in the urine was detected in a total of 18 of 36 
(50%) informative cases. A total of 7 of 18 (39%) patients with prostate adenocarcinoma identified 
on their initial biopsy had detectable urinary GSTP1 methylation (58% sensitivity among 
informative cases). Abnormal urinary GSTP1 methylation was also detected in 7 of 21 (33%) 
patients without evidence of cancer on biopsy and in 4 of 6 (67%) patients diagnosed with atypia 
or high-grade prostatic intraepithelial neoplasia. Conclusions: We have demonstrated the 
feasibility of a novel, noninvasive molecular approach for the detection of epigenetic changes 
associated with prostate cancer. A screening test based on GSTP1 methylation in the urine 
specimens of patients with suspected prostate malignancy may be a useful adjunct to serum 
screening tests and digital rectal examination findings for identification of men at increased risk of 
harboring cancer despite a negative biopsy. This molecular assay has potential application for 
stratification of patients into low- and high-risk groups for surveillance versus repeat biopsy. 
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 Purpose: Claudin proteins represent a large family of integral membrane proteins crucial for tight 
junction (TJ) formation and function. Claudins have been shown to be up-regulated in various 
cancers and have been suggested as possible biomarkers and targets for cancer therapy. 
Because claudin-3 and claudin-4 have been proposed to be expressed in epithelial ovarian 
cancer, we have performed a detailed analysis of CLDN3 and CLDN4 expression in a panel of 
ovarian tumors of various subtypes and cell lines. We also investigated whether high expression 
of claudin-3 and claudin-4 was associated with TJ function in ovarian cancer cells. Experimental 



Design: RNA was obtained from a panel of 39 microdissected epithelial ovarian tumors of various 
histological subtypes for real-time reverse transcription-PCR analysis. In addition, a total of 70 
cases of ovarian carcinomas, ovarian cysts, and normal ovarian epithelium from a tissue array 
were analyzed by immunohistochemistry. Finally, a panel of cell lines was used for Western 
analysis of claudin expression and TJ permeability studies. Results: Although expressed at low 
levels in some normal human tissues, including the ovary, CLDN3 and CLDN4 are highly up-
regulated in epithelial ovarian cancers of all subtypes. Immunohistochemical analyses using our 
ovarian tissue array confirmed the high level of expression of claudin-3 and claudin-4 in the 
majority of ovarian carcinomas, including many tumors exhibiting cytoplasmic staining. Ovarian 
cystadenoma did not frequently overexpress these proteins, suggesting that the expression of 
these proteins is associated with malignancy. In ovarian cancer cell lines, claudin-3 and claudin-4 
expression was not associated with functional TJs as measured by transepithelial electrical 
resistance. Conclusions: These results show that CLDN3 and CLDN4 are frequently up-regulated 
in ovarian tumors and cell lines and may represent novel markers for this disease. 
Overexpression of these genes in ovarian cancer also suggests interesting scenarios for the 
involvement of TJ in tumorigenesis. A better knowledge of the mechanisms underlying ovarian 
tumorigenesis will likely result in the development of novel approaches for the diagnosis and 
therapy of this deadly disease. 
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Clin. Cancer Res. 10(14): 4734-4741. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/14/4734  

 Purpose and Experimental Design: The molecular mechanisms by which the p14ARF gene is 
altered in non-small cell lung cancer (NSCLC) are complex and unclear. Using genetic and 
epigenetic analyses, we examined various molecular alterations including the loss of protein and 
mRNA expression, and 5'CpG hypermethylation, allelic imbalance, and mutation of the p14ARF 
gene in a series of 102 NSCLC samples, in parallel with clinicopathological and prognostic 
analyses. To clarify the biological significance of p14ARF alterations, its relationship with 
p16INK4a and p53 alterations was also examined. Results: We found that 34% of NSCLC 
patients had aberrant P14ARF protein expression, which was more frequent in adenocarcinomas 
(AD; 44%) than in squamous cell carcinomas (22%; P = 0.024). A high concordance was 
observed between alterations in protein and mRNA expression and 5'CpG hypermethylation (P 
[&le] 0.001). The p14ARF hypermethylation inversely correlated with P53 overexpression (P = 
0.001). This mutually exclusive relationship for alteration between p14ARF and p53 was also 
supported by a worse prognosis of AD patients with positive P14ARF expression (P = 0.01) and 
of AD patients with P53 overexpression (P = 0.006). Our data also indicated that 
hemizygous/homozygous deletion and mutation in the p14ARF gene occurred at 26%, 9%, and 
0%, respectively, of microdissected NSCLCs. Conclusions: Our data suggest that p14ARF 5'CpG 
hypermethylation is the predominant mechanism involved in the aberrant expression of the 
p14ARF gene. In addition, p14ARF 5'CpG hypermethylation occurs inversely to P53 
overexpression. 
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 Purpose: There have been several studies on the presence of circulating tumor cells in the 
peripheral blood of patients with malignant tumors including prostate cancer (PCa) using reverse 
transcription-PCR (RT-PCR). One of the aims of these studies was to obtain high sensitivity that 
would enable early-stage diagnosis. However, they varied in their detection rates, and the 
methods were rather complicated. We have improved the RT-PCR assay combining three 
prostate-associated molecules, prostate specific antigen (PSA), prostate specific membrane 
antigen (PSMA), and prostate stem cell antigen (PSCA) to reveal patients with poor prognosis. 
Experimental Design: Peripheral blood samples were obtained from 129 patients including 58 
cases of PCa and 71 cases of nonmalignant disorders. Total RNA was extracted from 1 ml of 
whole blood using a commercially available kit. Results: The sensitivity of PSA-, PSMA-, and 
PSCA-nested RT-PCR was verified with positive signals of a single LNCaP cell in 1 ml of female 
blood sample. PSA-, PSMA-, and PSCA-mRNA were detected in 7 (12.1%), 12 (20.7%), and 8 
(13.8%) PCa, and in 1, 2, and 0 samples in nonmalignant disorders, respectively. Among 58 PCa 
patients, each PCR indicated the prognostic value in the hierarchy of PSCA>PSA>PSMA RT-
PCR, and extraprostatic cases with positive PSCA PCR indicated lower disease-progression-free 
survival than those with negative PSCA PCR. Conclusions: The present findings suggest that 
PSCA PCR would be most promising for the molecular staging of PCa. The present RT-PCR is a 
highly cost-effective and rapid procedure, enabling the molecular staging of PCa with RT-PCR as 
a diagnostic routine. 

 

Lee, T.-L., W. K. Leung, et al. (2002). "Detection of Gene Promoter Hypermethylation in the Tumor and 
Serum of Patients with Gastric Carcinoma." Clin. Cancer Res. 8(6): 1761-1766. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/8/6/1761  

 Purpose: Aberrant promoter methylation, an alternative mechanism for gene silencing, is 
frequently detected in gastric cancer. We studied the feasibility of detecting aberrant methylation 
in serum of gastric cancer patients. Experimental Design: Patients (54) with gastric 
adenocarcinoma were studied. The tumor and the paired serum were examined for aberrant 
methylation in DAP-kinase, E-cadherin, GSTP1, p15, and p16 by methylation-specific PCR. 
Serum from 30 age-matched noncancer patients was used as control. Results: Promoter 
methylation in DAP-kinase, E-cadherin, GSTP1, p15, and p16 were detected in 70.3, 75.9, 18.5, 
68.5, and 66.7% of primary tumor. In serum of gastric cancer patients, methylation in DAP-
kinase, E-cadherin, GSTP1, p15, and p16 were detected in 48.1, 57.4, 14.8, 55.6, and 51.9%, 
respectively. None of the control serum showed aberrant methylation. Aberrant methylation in 
serum DNA was all accompanied with methylation in the corresponding tumor samples. In 
general, >60% of serum from cancers with aberrant methylation demonstrated these epigenetic 
alterations. Conclusion: Our findings suggest that aberrant promoter methylation in serum can be 
detected in a substantial proportion of gastric cancer patients, and this strategy should be 
evaluated in the screening and surveillance of gastric cancer. 
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 Purpose: Helicobacter pylori causes gastric damage and is involved in gastric carcinogenesis. 
Vascular endothelial growth factor (VEGF) plays a major role in gastric mucosa repair and is 
overexpressed in gastric cancer. We investigated: (a) whether H. pylori, and in particular H. pylori 
VacA toxin, affected VEGF expression in gastric epithelial cells in culture; and (b) the signal 
transduction pathway involved in any effect exerted by H. pylori. Experimental Design: MKN-28 



cells were incubated with uninoculated BCF (control) or with BCF obtained from VacA-producing 
wild-type H. pylori 60190 strain or from its isogenic mutant 60190:v1, specifically lacking vacA 
gene in the presence or absence of ZD 1839, a selective inhibitor of the epidermal growth factor 
receptor (EGFR) tyrosine kinase, PD098059, a selective inhibitor of mitogen-activated protein 
(MAP)/extracellular signal-regulated kinase (ERK) kinase, the kinase responsible for ERK 
phosphorylation, or SC-236, a selective inhibitor of cyclooxygenase (COX)-2 for 24-48 h. Results: 
(a) Toxigenic H. pylori up-regulated VEGF mRNA and protein expression and caused a 2.5-fold 
increase in VEGF release compared with control, whereas nontoxigenic H. pylori did not; (b) H. 
pylori VacA toxin-induced up-regulation of VEGF was counteracted by selective inhibition of 
EGFR tyrosine kinase; (c) toxigenic H. pylori activated the ERK/MAP kinase cascade, and 
inhibition of MAP kinase activation counteracted H. pylori-induced VEGF up-regulation; (d) 
toxigenic H. pylori up-regulated COX-2 expression, and this effect was counteracted by blockade 
of EGFR tyrosine kinase; and (e) COX-2 selective inhibition counteracted H. pylori-induced up-
regulation of VEGF. Conclusion: (a) H. pylori up-regulates VEGF expression in gastric epithelial 
cells; and (b) this effect is specifically related to VacA toxin and seems to depend on the 
activation of an EGFR-, MAP kinase-, and COX-2-mediated pathway. 
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 Purpose: G3139 is an antisense bcl-2 phosphorothioate oligodeoxyribonucleotide that is currently 
being evaluated in Phase III clinical trials in several human cancers. The aim of the present work 
was to further identify the apparent non-bcl-2-dependent mechanism of this action of this 
compound in PC3 prostate cancer cells. Experimental Design: We performed Affymetrix U95A 
oligonucleotide microarray studies on mRNA isolated from cells treated with G3139 and related 
oligonucleotides. Results: Hierarchical clustering revealed the presence of a set of genes of 
which the expression was elevated on both 1 and 3 days after oligonucleotide treatment. 
Significantly, the persistence of expression of the up-regulation of these genes, many of which 
are members of the IFN cascade, was greater for G3139 than for any other oligomer evaluated. 
Furthermore, many of the genes with the greatest up-regulation of expression are also those of 
which the expression is up-regulated after treatment of cells with IFNs. Treatment of PC3 cells 
with either IFN-{beta} or -{gamma} recapitulated some of the aspects of the molecular and 
phenotypic changes observed after treatment with a G3139/Lipofectin complex. These include 
down-regulation of bcl-2 protein expression itself, down-regulation of protein kinase C {alpha} 
protein expression (but not that of other protein kinase C isoforms), alteration in p21/Waf1/Cip1 
protein expression, up-regulation of MHC-I cell surface expression, and profound suppression of 
cell growth in the absence of a notable increase in cellular apoptosis. However, G3139 (when 
complexed with Lipofectin) did not induce the up-regulation of expression of either type I or type II 
IFNs, nor could IFNs be found in conditioned media from treated cells. Conclusions: 
Oligonucleotide microarray experiments demonstrated that G3139 could induce elements of the 
IFN cascade in PC3 cells in vitro. In addition, the cellular phenotype obtained after treatment with 
exogenous IFN could, at least in part, recapitulate that obtained after G3139 treatment. 
Nevertheless, the oligonucleotide microarray experiments we performed also demonstrated that 
there are extremely large qualitative and quantitative differences between the two treatments. 
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 Purpose: Promoter hypermethylation is one of the major mechanisms in the transcriptional 
inactivation of certain carcinoma-associated genes. Concurrent methylation analysis of multiple, 
functionally distinct genes may provide important information on their differential alterations and 
potential association in head and neck squamous carcinogenesis. Experimental Design: 
Methylation-specific PCR analysis of the CpG islands of 8 cancer-related genes was performed 
on 19 cell lines and 32 primary head and neck squamous cell carcinoma (HNSC) specimens with 
matched histologically normal mucosa and 6 dysplastic lesions. The methylation status and 
histological features of the specimens were investigated. Results: In histologically normal 
squamous mucosa, no to low-level methylation (0-22%) was noted in some specimens at all 
genes except RAR{beta}2 (50%). Considerable variation in the incidence of methylation of these 
genes within and between cell lines and tumor specimens was noted. The highest incidences of 
methylation in the cell lines and primary tumors were noted in RAR{beta}2 (53%), MGMT (37%), 
p16 (33%), and DAP-K (25%); low incidence of methylations were noted in E-cadherin (2%), p73 
(2%) RASSF1A (10%), and p14 (20%) genes. The incidences of methylation of each gene were 
almost similar between the HNSC cell lines and primary cancer specimens, although methylation 
of RASSF1A was observed in cell line (26%), but not in dysplasia and primary tumor. RAR{beta}, 
p16, and MGMT genes showed the highest incidences of methylation in premalignant and 
invasive carcinomas. Conclusions: Methylation of p16, RAR{beta}, and MGMT may constitute 
early events in HNSC tumorigenesis. The infrequent methylation at certain genes suggests a 
minimal role for this feature in their functional assessment in HNSC. The variability within and 
between cell lines and tumor specimens supports a heterogeneous and dynamic state of 
methylation in genes associated with HNSC tumorigenesis. 
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 Purpose: The c-kit protein, also known as CD117, is a member of the type III receptor tyrosine 
kinase family. Kinase activity has been implicated in the pathophysiology of many tumors, 
including small-cell lung carcinoma (SCLC). Autocrine or paracrine activation of c-kit by its ligand 
has been postulated for lung cancer, but this receptor can also be activated by mutations of the c-
kit gene. We examined c-kit expression and mutational status in SCLC to verify its putative 
expression and genetic alterations, as well as its eventual prognostic impact. Experimental 
Design: We studied 60 SCLC samples to determine the mutations of the coding region of the 
gene; the exons 9 and 11 were analyzed by PCR-single-strand conformational polymorphism and 
automated sequencing. Moreover, c-kit expression was evaluated in 55 samples by 
immunohistochemical method. Results: Expression of c-kit was demonstrated in about 40% of 
SCLC samples. Two mutations in exon 9 and three mutations in exon 11 were found. Kaplan-
Meier analysis revealed no prognostic significance of c-kit expression for survival. Conclusions: In 
our series, the expression of c-kit and its mutational status failed to appear relevant or to have a 
significant impact on survival; this makes the therapeutic approach with an inhibitor of tyrosine 
kinase more difficult in SCLC until a sure demonstration of c-kit implication is obtained for this 
tumor. 
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 Purpose: The issue of whether colon and rectal cancer should be considered as a single entity or 
two distinct entities is still debated, and there is a need to improve studies addressing the 
heterogeneity of the pathogenetic pathway leading to sporadic colorectal cancers (SCRCs) as 
well as to identify biological and/or molecular differences between colon and rectal cancers. 
Experimental Design: Specimens of SCRCs were analyzed for somatic mutations in APC, K-ras, 
and TP53 genes and loss-of-heterozygosity of chromosome 18. Results: Eleven SCRCs showed 
microsatellite instability. APC mutation frequency was significantly lower in microsatellite 
instability (MIN+) than in MIN- SCRCs. All MIN- SCRCs showed {beta}-catenin overexpression. A 
combined analysis of the biomarkers revealed two pathways mainly represented by MIN- SCRCs 
and differently followed on the basis of tumor location, APC-K-ras-TP53-Ch18q and APC-TP53-
Ch18q. Conclusions: The APC-{beta}-catenin pathway is inactivated in MIN- SCRCs and 
represents the first hit of SCRC development. Two preferential pathways followed by SCRCs 
occur, one K-ras dependent, in agreement with the Fearon and Vogelstein model, and the other 
K-ras independent. Significant differences between colon and rectal tumors occur in our series of 
MIN- SCRCs. The different pathways observed and their distribution can be summarized as 
follows: (a) K-ras mutations were more commonly detected in colon than in rectum; (b) the 
number of mutations detected was significantly higher in colon than in rectal tumors; and (c) a 
mutational pattern restricted to the APC gene was more common in rectal than in colon tumors. 
This molecular characterization can be translated into a clinical setting to improve diagnosis and 
to direct a rationale pharmacological treatment. 
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 Purpose: Thrombospondin 1 (THBS 1) is a matricellular protein capable of modulating 
angiogenesis. However, the actual role of THBS 1 in angiogenesis and tumor progression 
remains controversial. Hepatocellular carcinoma (HCC) is a hypervascular tumor characterized 
by neovascularization. The significance of THBS 1 in HCC remains unknown. In this study, the 
significance of THBS 1 in HCC was evaluated by correlating its expression with 
clinicopathological data. The possible role of THBS 1 in the angiogenesis of HCC was also 
studied by correlating its expression with vascular endothelial growth factor (VEGF) expression. 
Experimental Design: Sixty HCC patients were recruited in this study. THBS 1 and VEGF protein 
expression in tumorous livers were localized by immunohistochemical staining and quantified by 
ELISA. THBS 1 mRNA was quantified by quantitative reverse transcription-PCR. Results: 
Immunohistochemical staining of THBS 1 was positive in HCC cells in 51.7% of patients and in 
stromal cells in 65% of patients. Tumor THBS 1 protein level was significantly correlated with its 
mRNA expression (P = 0.001) and was significantly correlated with tumor VEGF protein levels (P 
= 0.001). Its expression was significantly associated with the presence of venous invasion (P = 
0.008) and advanced tumor stage (P = 0.049). High THBS 1 expression was also a prognostic 
marker of poor survival in HCC patients. Conclusions: This study shows that high expression of 
THBS 1 is associated with tumor invasiveness and progression in HCC. THBS 1 appears to be a 
proangiogenic factor that stimulates angiogenesis in HCC in view of its positive correlation with 
VEGF expression. 
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 Purpose and Experimental Design: Using real-time quantitative methylation-specific PCR (RTQ-
MSP), we quantified methylated p16INK4a sequences and determined the fractional 
concentrations of circulating tumor DNA in plasma, serum, and peripheral blood cells collected 
preoperatively, intraoperatively, and postoperatively from 49 patients with hepatocellular 
carcinoma (HCC). Results: RTQ-MSP was sufficiently sensitive to detect down to 10 genome-
equivalents of methylated p16INK4a sequences. Quantitative MSP data were expressed in terms 
of the methylation index, which was the percentage of bisulfite converted unmethylated and 
methylated p16INK4a sequences that consisted of methylated p16INK4a sequences. Quantities 
of methylated p16INK4a sequences were detected in peripheral circulation of 80% (23 of 29) of 
HCC patients. No significant difference was seen in the detectability and concentrations of 
methylated p16INK4a sequences (range: 10-4046 genome-equivalents/ml) between preoperative 
plasma and serum samples from HCC patients. Preoperatively, the p16INK4a methylation indices 
ranged from 0.2 to 100% and from 0.012 to 0.075% in the patients' plasma and buffy coat 
samples, respectively. After surgical resection, the median p16INK4a methylation indices in 
plasma and buffy coat concordantly decreased 12- and 15-fold, respectively. These results 
demonstrated the clinical usefulness and effectiveness of peripheral blood RTQ-MSP for 
detecting and monitoring HCC after treatment. Furthermore, none of the intraoperative plasma 
samples and only two of the intraoperative buffy coat samples were p16INK4a methylation 
positive. Conclusions: Quantification of epigenetic changes in peripheral blood by RTQ-MSP is 
useful for the detection and monitoring of HCC. 
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 Purpose: The purpose of this study was to better define the role of osteopontin (OPN) and 
osteonectin [also known as secreted protein acidic and rich in cysteine (SPARC)] in lung 
tumorigenesis by comparing the expressions of these genes in lung tumor tissue and matched 
normal tissue and by determining the prognostic significance of the gene expressions. 
Experimental Design: Quantitative real-time reverse transcription-PCR was used to analyze OPN 
and SPARC mRNA expression in normal lung tissue and matching tumor samples from 82 
patients with non-small cell lung cancer. Gene expression data for each patient were matched to 
survival data. Results: The overall median mRNA expression level of OPN was about 20-fold 
higher in tumor tissues than in matching normal lung tissues (P < 0.001), whereas SPARC gene 
expression was not significantly different in both tissue types. Forty of 82 patients had high 
([IMG]=" BORDER="0">4.1) intratumoral OPN expression, and 15 of 82 patients had high 
([IMG]=" BORDER="0">15.5) SPARC expression. High OPN expression in the tumor tissue was 
associated with inferior survival (P = 0.014), whereas high SPARC expression showed a trend 
toward longer survival (P = 0.095). The impact of high OPN and low SPARC expression on 
patient survival was additive (P = 0.001). Conclusions: The large increase in OPN expression in 
tumors compared with normal tissue and its association with survival suggest a role for OPN in 
lung tumorigenesis. 

 

Ueki, T., A. W. Hsing, et al. (2004). "Alterations of p16 and Prognosis in Biliary Tract Cancers from a 
Population-Based Study in China." Clin. Cancer Res. 10(5): 1717-1725. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/5/1717  

 Purpose: Biliary tract cancer is an uncommon malignancy with a poor survival rate. We evaluated 
p16 gene alteration as a prognostic marker for this disease. Experimental Design: We studied 



p16 gene alterations by sequencing, methylation, and loss of heterozygosity of chromosome 9p in 
118 biliary tract carcinomas, including 68 gallbladder cancers, 33 extrahepatic bile duct cancers, 
and 17 ampullary cancers. Survival was evaluated in 57 patients with gallbladder carcinomas, 27 
with bile duct carcinomas, and 16 with ampullary carcinomas with and without somatic p16 
alterations detected by two different methods. Results: p16 gene alterations including silent 
mutations were present in 61.8% gallbladder cancers, 54.5% bile duct cancers, and 70.6% 
ampullary cancers. p16 gene nonsilent mutations, p16 methylation, and loss of chromosome 
9p21-22 that targets p14, p15, and p16 genes were present in 13 of 53 (24.5%), 8 of 54 (14.8%), 
and 32 of 44 (72.7%) gallbladder tumors; 5 of 25 (20.0%), 5 of 31 (16.1%), and 12 of 21 (57.1%) 
bile duct tumors; and 3 of 13 (23.1%), 6 of 15 (40.0%), and 8 of 16 (50.0%) ampullary tumors, 
respectively. The mean survival of patients with gallbladder cancers without p16 alterations was 
21.5 {+/-} 14.8 months compared with 12.1 {+/-} 11.4 months for patients with p16 alterations (P = 
0.02). Conclusions: Alteration of p16 gene alone or in combination with alterations of other tumor 
suppressor genes on chromosome 9p is a prognostic indicator in gallbladder carcinoma, with 
more favorable survival rates associated with carcinomas lacking p16 gene alterations. 

 

Li, M., Y.-H. Yuan, et al. (2005). "Expression Profile of Cancer-Testis Genes in 121 Human Colorectal 
Cancer Tissue and Adjacent Normal Tissue." Clin. Cancer Res. 11(5): 1809-1814. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/5/1809  

 Purpose: Among tumor antigens identified to date, cancer-testis (CT) antigens, which are coded 
by CT genes, are identified as a group of highly attractive targets for cancer vaccines. This study 
is the first to analyze the mRNA expression and possible correlation with pathologic 
characteristics of multiple CT genes in a large cohort of colorectal cancer (CRC) patients. 
Experimental Design: The expression of 10 individual CT genes in 121 CRC and adjacent tissues 
were analyzed by RT-PCR method. The presence of autologous antibodies against NY-ESO-1 
was examined in serum samples by ELISA. To confirm the protein expression, 
immunohistochemistry was done for detecting the NY-ESO-1 antigen in mRNA-positive CRC 
tissues. Results: The CT genes were detected with various frequencies in CRC tissue, SCP-1, 
1.7%; SSX-2, 2.5%; SSX-4, 2.5%; SSX-1, 5.0%; CT10, 6.6%; NY-ESO-1, 9.9%; MAGE-1, 11.6%; 
LAGE-1, 15.7%; MAGE-4, 22.3%; and MAGE-3, 27.3%. In 56.2% of tumor tissues examined in 
this study, at least one CT gene was detected. In contrast, no CT gene expression was found in 
cancer adjacent tissues. Among 10 CT genes investigated, NY-ESO-1 and LAGE-1 are of 
particular interest because their mRNA expression in CRC was rarely reported before. In our 
study, NY-ESO-1 mRNA was found to express in 9.9% of the samples, and also correlated 
significantly with stages (P = 0.041) and local lymph node metastasis (P = 0.002). In addition, we 
also identified one NY-ESO-1 antibody-positive serum sample. MAGE-4 mRNA was expressed at 
a high frequency in tumor tissues with vessel emboli samples (P = 0.025). Conclusions: These 
results suggested that CT genes, especially NY-ESO-1 and LAGE-1, do express in CRC. More 
than 50% of the CRC patients in this study express at least one CT gene, making them eligible 
for CT vaccination. NY-ESO-1 gene may serve as a marker for local metastasis and advanced 
disease. MAGE-4 gene is significantly associated with the vessel emboli. 

 

Shih, L.-Y., C.-F. Huang, et al. (2005). "Heterogeneous Patterns of CEBP{alpha} Mutation Status in the 
Progression of Myelodysplastic Syndrome and Chronic Myelomonocytic Leukemia to Acute 
Myelogenous Leukemia." Clin. Cancer Res. 11(5): 1821-1826. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/5/1821  

 Purpose: We aimed to assess the role of CEBP{alpha} mutations in the progression of 
myelodysplastic syndrome (MDS) to acute myelogenous leukemia (AML) and their cooperating 



mutations. Experimental Design: Mutational analysis of CEBP{alpha} with direct sequencing for 
each PCR product was done on matched bone marrow samples obtained from 50 adult patients 
with MDS at diagnosis and at AML transformation. Cloning analysis was used to determine the 
allelic distribution. Results: CEBP{alpha} mutations were identified in four patients at diagnosis of 
MDS, including one with refractory anemia with excess blasts and three with chronic 
myelomonocytic leukemia. At AML transformation, three patients retained the identical mutant 
clones as their initial diagnosis, three acquired the mutations, and one lost CEBP{alpha} mutation 
when she gained FLT3/ITD mutation. Together, seven patients had CEBP{alpha} mutations 
throughout the disease course; four patients had NH2-terminal mutations resulting in a frameshift 
and truncation of the protein, three of them had two different mutations either on the same alleles 
or on different alleles, two had missense mutations, and one had a deletion in the basic region 
leucine zipper domain. Except for one with coexistence of N-ras mutation, no sample harbored 
cooperating mutations with FLT3 or N-ras genes. CEBP{alpha} mutations had no influence on the 
time to AML progression or overall survival. Conclusions: Our results show that CEBP{alpha} 
mutations play a role in a subset of patients with MDS, especially in chronic myelomonocytic 
leukemia. The mutation status was heterogeneous, exhibiting identical clone, clonal change, or 
clonal evolution during the progression to AML. 

 

Dalal, S., A. M. Berry, et al. (2005). "Vascular Endothelial Growth Factor: A Therapeutic Target for 
Tumors of the Ewing's Sarcoma Family." Clin. Cancer Res. 11(6): 2364-2378. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/6/2364  

 Purpose: We have reported previously that intratumoral microvessel density (MVD) is a 
significant prognostic indicator of event-free survival in the Ewing's sarcoma family of tumors 
(ESFT). Here, the angiogenic growth factor expression profile and its relationship with MVD has 
been investigated in ESFT. Experimental Design and Results: Using ESFT model systems, the 
potential of these factors as therapeutic targets has been evaluated. A significant correlation (P = 
0.02) was observed between vascular endothelial growth factor (VEGF) expression and MVD, 
consistent with the hypothesis that VEGF regulates the development of microvessels in ESFT. 
There was no correlation between MVD and any of the other growth factors studied. All six ESFT 
cell lines studied produced and secreted VEGF; five of six cell lines also secreted placental 
growth factor, one cell line (A673) at high levels. Tumor conditioned medium induced proliferation 
of human umbilical vein endothelial cells. Expression of VEGF receptors Flt-1 and Flk-1/KDR was 
heterogeneous across the cell lines. Both receptor tyrosine kinase inhibitors SU6668 (targets Flk-
1/KDR, platelet-derived growth factor receptor-{beta}, and fibroblast growth factor receptor 1) and 
SU5416 (targets Flk-1/KDR) as well as anti-VEGF agents rhuMAb-VEGF (bevacizumab) and 
VEGF Trap delayed s.c. growth of ESFT in mice compared with untreated groups: SU6668 (100 
mg/kg/d), SU5416 (25 mg/kg/d), rhuMAb-VEGF (10 mg/kg twice weekly), and VEGF Trap (2.5 or 
25 mg/kg twice weekly). Conclusions: These data suggest that VEGF is the single most important 
regulator of angiogenesis in ESFT and may be exploited for therapeutic advantage. 

 

Shinozaki, M., D. S. B. Hoon, et al. (2005). "Distinct Hypermethylation Profile of Primary Breast Cancer Is 
Associated with Sentinel Lymph Node Metastasis." Clin. Cancer Res. 11(6): 2156-2162. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/6/2156  

 Purpose: Gene promoter region hypermethylation is a significant event in primary breast cancer. 
However, its impact on tumor progression and potential predictive implications remain relatively 
unknown. Experimental Design: We conducted hypermethylation profiling of 151 primary breast 
tumors with association to known prognostic factors in breast cancer using methylation-specific 
PCR for six known tumor suppressor and related genes: RASSF1A, APC, TWIST, CDH1, 



GSTP1, and RAR-{beta}2. Furthermore, correlation with sentinel lymph node (SLN) tumor status 
was assessed as it represents the earliest stage of metastasis that is readily detected. 
Hypermethylation for any one gene was identified in 147 (97%) of 151 primary breast tumors. The 
most frequently hypermethylated gene was RASSF1A (81%). Results: Hypermethylation of the 
CDH1 was significantly associated with primary breast tumors demonstrating lymphovascular 
invasion (P = 0.008), infiltrating ductal histology (P = 0.03), and negative for the estrogen receptor 
(P = 0.005), whereas RASSF1A and RAR-{beta}2 gene hypermethylation were significantly more 
common in estrogen receptor-positive (P < 0.001) and human epidermal growth factor receptor 2-
positive (P < 0.001) tumors, respectively. In multivariate analysis, hypermethylation of GSTP1 
and/or RAR-{beta}2 was significantly associated with patients having macroscopic SLN 
metastasis compared with those with microscopic or no sentinel node metastasis (odds ratio, 
4.59; 95% confidence interval, 2.02-10.4; P < 0.001). In paired SLN metastasis, CDH1 was the 
most frequently methylated gene (90%) and provides evidence in patients corroborating its role in 
the clinical development of metastasis. Conclusion: Hypermethylation profiling of primary breast 
tumors is significantly associated with known pathologic prognostic factors and may have 
additional clinical and pathologic utility for assessing patient prognosis and predicting early 
regional metastasis. 

 

Leonard, D. G. B., L. B. Travis, et al. (2002). "p53 Mutations in Leukemia and Myelodysplastic Syndrome 
after Ovarian Cancer." Clin. Cancer Res. 8(5): 973-985. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/8/5/973  

 Purpose: Although p53 mutations occur in alkylating agent-related leukemias, their frequency and 
spectrum in leukemias after ovarian cancer have not been addressed. The purpose of this study 
was to examine p53 mutations in leukemias after ovarian cancer, for which treatment with 
platinum analogues was widely used. Experimental Design: Adequate leukemic or dysplastic cells 
were available in 17 of 82 cases of leukemia or myelodysplastic syndrome that occurred in a 
multicenter, population-based cohort of 23,170 women with ovarian cancer. Eleven of the 17 
received platinum compounds and other alkylating agents with or without DNA topoisomerase II 
inhibitors and/or radiation. Six received other alkylating agents, in one case, with radiation. 
Genomic DNA was extracted and p53 exons 5, 6, 7, and 8 were amplified by PCR. Mutations and 
loss of heterozygosity were analyzed on the WAVE instrument (Transgenomic) followed by 
selected analysis by sequencing. Results: Eleven p53 mutations involving all four exons studied 
and one polymorphism were identified. Genomic DNA analyses were consistent with loss of 
heterozygosity for four of the mutations. The 11 mutations occurred in 9 cases, such that 6 of 11 
leukemias after platinum-based regimens (55%) and 3 of 6 leukemias after other treatments 
(50%) contained p53 mutations. Two leukemias that occurred after treatment with platinum 
analogues contained two mutations. Among eight mutations in leukemias after treatment with 
platinum analogues, there were four G-to-A transitions and one G-to-C transversion. Conclusions: 
p53 mutations are common in leukemia and myelodysplastic syndrome after multiagent therapy 
for ovarian cancer. The propensity for G-to-A transitions may reflect specific DNA damage in 
leukemias after treatment with platinum analogues. 

 

Xu, X., H. Yamamoto, et al. (2003). "Overexpression of CDC25A Phosphatase Is Associated with 
Hypergrowth Activity and Poor Prognosis of Human Hepatocellular Carcinomas." Clin. Cancer 
Res. 9(5): 1764-1772. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/9/5/1764  

 Purpose and Experimental Design: CDC25 genes are cell cycle-activating phosphatases that 
positively regulate the activity of cyclin-dependent kinase. CDC25A and CDC25B, being 



oncogenes, are overexpressed in a variety of human malignancies. To investigate the potential 
roles of CDC25s in hepatocellular carcinoma (HCC), expression of CDC25A and CDC25B was 
examined in human HCC samples. Results: Reverse transcription-PCR showed that 
overexpression of CDC25A and CDC25B mRNAs was found in 9 of 13 (69%) and 4 of 13 (31%) 
HCCs, respectively. Immunohistochemistry of 59 HCCs showed marked increase in CDC25A 
expression, but not CDC25B, in HCC compared with noncancer tissues, and high expression of 
CDC25A in 33 of 59 (56%) HCCs. Overexpression of CDC25A in HCC was confirmed by 
Western blot analysis. High expression of CDC25A was associated with dedifferentiated 
phenotype and portal vein invasion (P = 0.001 and 0.031, respectively), and expression of 
CDC25A correlated well with proliferating cell nuclear antigen labeling index (P = 0.005). 
Univariate analysis indicated that high expression of CDC25A and proliferating cell nuclear 
antigen were both significant predictive factors for shorter disease-free survival (P = 0.004 and 
0.039, respectively). Multivariate analysis indicated that CDC25A was an independent prognostic 
marker for disease-free survival (risk ratio for cancer relapse, 2.98; P = 0.029), even when 
analyzed with several clinicopathologic factors. On the other hand, expression of CDC25B did not 
correlate with any clinicopathological features. Conclusion: Our findings suggest that CDC25A, 
but not CDC25B, could be used as an independent prognostic marker for HCC. Our data would 
also contribute to forward understanding of tumor biology of HCC that is associated with cell cycle 
regulation. 

 

Aqeilan, R. I., T. Kuroki, et al. (2004). "Loss of WWOX Expression in Gastric Carcinoma." Clin. Cancer 
Res. 10(9): 3053-3058. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/9/3053  

 Purpose: WW domain-containing oxidoreductase (WWOX) is a tumor suppressor gene that maps 
to the common fragile site FRA16D on chromosome 16q23.3-24.1. To investigate the role of the 
WWOX gene in the development of gastric carcinoma, we examined a large series of primary 
adenocarcinomas and nine gastric cancer cell lines for the expression of Wwox. Experimental 
Design: Loss of heterozygosity, reverse-transcription-PCR, and immunohistochemistry were used 
to assess the role of WWOX in stomach cancer. A total of 81 primary gastric adenocarcinoma 
were analyzed. Results: Loss of heterozygosity was observed in 31% of the cases and loss of 
Wwox protein expression was found in 65% of gastric adenocarcinoma primary specimens and 
33% of gastric cancer cell lines. In addition, we found a high correlation between Wwox and Fhit 
protein expression. Conclusions: Our results indicate that alterations of the WWOX gene may be 
involved quite frequently in gastric tumorigenesis. Our data could be used in future studies to 
develop diagnostic and targeted therapy of stomach cancer. 

 

Botchkina, G. I., R. H. Kim, et al. (2005). "Noninvasive Detection of Prostate Cancer by Quantitative 
Analysis of Telomerase Activity." Clin. Cancer Res. 11(9): 3243-3249. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/9/3243  

 Purpose: Prostate cancer is the most common male malignancy and the second leading cause of 
male cancer death; therefore, there is urgent necessity for noninvasive assays for early detection 
of prostate cancer. Obtaining prostate tumor samples surgically is problematic because the 
malignancy is heterogeneous and multifocal and early-stage tumors are nonpalpable. In contrast, 
exfoliated cells represent the cancer status of the entire gland better due to the general tendency 
of cancer cells to exfoliate into biological fluids. The purpose of this study was to clarify whether 
quantitative analysis of telomerase activity in exfoliated cells in urine could serve as a reliable 
molecular marker of prostate malignancy. Experimental Design: We analyzed prospectively post-
prostatic examination-exfoliated cells from the urine of 56 patients undergoing routine prostate 



screening. Epithelial cells were isolated and enriched by immunomagnetic separation. 
Telomerase activity was analyzed by quantitative real-time PCR telomeric-repeat amplification 
protocol assay using Opticon MJ research instrument. Results: We report now that all prostate 
cancer patients revealed high levels of telomerase activity thereby showing 100% of the assay 
sensitivity. In contrast, the majority of patients with clinically confirmed benign prostatic 
hyperplasia (BPH) did not express any telomerase activity (70% of all BPH patients), most likely 
presenting cancer-free cases, or expressed low levels of activity (18%). However, about 12% of 
BPH patients revealed high levels of telomerase activity that potentially can reflect hidden 
prostate cancer. Conclusions: We suggest that the quantitative analysis of telomerase activity can 
be useful for the selection of prostate cancer and cancer-free cases. 

 

Buttitta, F., C. Martella, et al. (2005). "Int6 Expression Can Predict Survival in Early-Stage Non-Small Cell 
Lung Cancer Patients." Clin. Cancer Res. 11(9): 3198-3204. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/9/3198  

 Purpose: The Int6 gene was originally identified as a common insertion site for the mouse 
mammary tumor virus in virally induced mouse mammary tumors. Recent studies indicate that 
Int6 is a multifaceted protein involved in the regulation of protein translation and degradation 
through binding with three complexes: the eukaryotic translation initiation factor 3, the 
proteasome regulatory lid, and the constitutive photomorphogenesis 9 signalosome. This study 
aimed to investigate the prognostic role of Int6 in a large series of stage I non-small cell lung 
cancers (NSCLC) patients with long-term follow-up. Experimental Design: We determined the 
methylation status of Int6 DNA by methylation-specific PCR and the steady-state levels of Int6 
RNA by quantitative real-time reverse transcription-PCR in 101 NSCLCs and matched normal 
lung tissues. Results: In 27% of the tumors, Int6 RNA levels were reduced relative to normal 
tissue. In 85% of the tumors with reduced Int6 expression, the transcription promoter and first 
exon were hypermethylated, whereas only 4% of the tumors with elevated Int6 RNA levels were 
hypermethylated (P < 0.000001). Low levels of Int6 RNA were found a significant predictor of 
overall and disease-free survival (P = 0.0004 and P = 0.0020, respectively). A multivariate 
analysis confirmed that low Int6 expression was the only independent factor to predict poor 
prognosis, for both overall (P = 0.0006) and disease-free (P = 0.024) survival. Conclusions: Our 
results suggest that Int6 expression, evaluated by quantitative real-time PCR, may represent a 
new prognostic factor in patients with stage I NSCLC. 

 

Ferguson, R. E., C. Taylor, et al. (2005). "Resistance to the Tubulin-Binding Agents in Renal Cell 
Carcinoma: No Mutations in the Class I {beta}-Tubulin Gene but Changes in Tubulin Isotype 
Protein Expression." Clin. Cancer Res. 11(9): 3439-3445. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/9/3439  

 Purpose: The primary purpose of this study was to determine whether mutations of the class I 
{beta}-tubulin gene may be implicated in the inherent resistance to tubulin-binding agents (TBA) 
in renal cancer, with a small number of samples and cell lines also being examined for class I and 
III {beta}-tubulin isotype protein expression. Experimental Design: DNA was extracted from 90 
renal tumors and the class I {beta}-tubulin gene analyzed for mutations. For each sample, eight 
PCRs were used to cover the complete coding sequence with intronic primers ensuring highly 
homologous pseudogenes were not coamplified. Additionally, expression levels of class I and III 
{beta}-tubulin isotypes in 17 matched normal and malignant renal samples and a panel of renal 
cell carcinoma cell lines with differing intrinsic resistance to the TBAs was examined by Western 
blotting. Results: Four polymorphic sequence changes of the class I {beta}-tubulin gene were 
identified with no mutations. Class I protein expression levels were higher in tumor tissue versus 



normal tissue, whereas class III expression showed no consistent change. In renal cancer cell 
lines, a significant correlation between class III isotype expression and vinblastine sensitivity was 
observed. Conclusions: These results do not support a role for mutations in the class I {beta}-
tubulin gene in the intrinsic resistance of renal cancer to TBAs. Class III isotype expression may 
be implicated in resistance in vitro but in vivo, changes in class I isotype expression in renal cell 
carcinoma tissue may support a role in resistance to the TBAs and warrants further investigation. 

 

Furukawa, M., M. Raffeld, et al. (2005). "Increased Expression of Insulin-Like Growth Factor I and/or Its 
Receptor in Gastrinomas Is Associated with Low Curability, Increased Growth, and Development 
of Metastases." Clin. Cancer Res. 11(9): 3233-3242. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/9/3233  

 Purpose: Growth factors, particularly insulin-like growth factor I (IGF-I) and IGF-I receptor (IGF-
IR) in some nonendocrine and a few endocrine tumors, are thought important in recurrence, 
growth, and aggressiveness. Whether this is true of neuroendocrine tumors such as gastrinomas 
is unclear. The aim of this study was to address this question in gastrinomas. Experimental 
Design: IGF-I and IGF-IR expression in gastrinomas from 54 patients with Zollinger-Ellison 
syndrome were analyzed and correlated with clinical/tumor characteristics. IGF-I and IGF-IR 
mRNA levels were determined by competitive reverse transcription-PCR. IGF-IR expression, 
assessed by immunohistochemistry, was done on a subset. Results: IGF-IR mRNA was found in 
100% and IGF-I in 89%. IGF-I mRNA expression varied by >254-fold, IGF-IR by 2,670-fold, and 
the levels correlated in a given tumor. The IGF-IR level was lower in gastrinomas of patients who 
were rendered disease free and increased levels correlated with tumor growth, aggressiveness, 
extent, and with liver metastases. Increased IGF-I levels correlated with increased growth, tumor 
extent, and aggressiveness. Neither IGF-IR nor IGF-I levels correlated with tumor location, size, 
or its clinical/functional features. The IGF-IR correlated with disease-free survival. IGF-IR{beta} 
was found in 31 of 32 tumors (97%) by immunohistochemistry. Conclusions: These results 
indicate that IGF-I and IGF-IR are expressed in almost all gastrinomas. Furthermore, assessment 
of IGF-I/IGF-IR expression in gastrinomas may be clinically useful in identifying those patients 
with more aggressive tumors who might benefit from more aggressive treatment. 

 

Townsend, K., C. M. Banwell, et al. (2005). "Autocrine Metabolism of Vitamin D in Normal and Malignant 
Breast Tissue." Clin. Cancer Res. 11(9): 3579-3586. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/9/3579  

 Purpose: Vitamin D seems to exert a protective effect against common cancers, although this 
does not correlate with circulating levels of active 1,25-dihydroxyvitamin D3 [1,25(OH)2D3], 
indicating a more localized activation of vitamin D. The aim of this study was to investigate the 
significance of this in breast cancer. Experimental Design: Quantitative reverse transcription-PCR 
analysis of mRNA expression was carried out for the vitamin D-activating enzyme 1{alpha}-
hydroxylase, the catabolic enzyme 24-hydroxylase, and the vitamin D receptor in 41 tumors and 
paired nonneoplastic tissue as well as breast cancer cell lines. Immunohistochemistry was used 
to assess 1{alpha}-hydroxylase protein expression, and enzyme assays were used to quantify 
vitamin D metabolism. Results: Expression of mRNA for 1{alpha}-hydroxylase (27-fold; P < 5 x 
10-11), vitamin D receptor (7-fold; P < 1.5 x 10-8), and 24-hydroxylase (4-fold; P < 0.02) was 
higher in breast tumors. 1{alpha}-Hydroxylase enzyme activity was also higher in tumors (44.3 
{+/-} 11.4 versus 12.4 {+/-} 4.8 fmol/h/mg protein in nonneoplastic tissue; P < 0.05). However, 
production of inactive 1,24,25-trihydroxyvitamin D3 was also significantly higher in tumors (84.8 
{+/-} 11.7 versus 33.6 {+/-} 8.5 fmol/h/mg protein; P < 0.01). Antisense inhibition of 24-
hydroxylase in vitro increased antiproliferative responses to 1,25(OH)2D3. Conclusion: These 



data indicate that the vitamin D-activating enzyme 1{alpha}-hydroxylase is up-regulated in breast 
tumors. However, dysregulated expression of 24-hydroxylase seems to abrogate the effects of 
local 1,25(OH)2D3 production in tumors by catalyzing catabolism to less active vitamin D 
metabolites. The enzymes involved in autocrine metabolism of vitamin D in breast tissue may 
therefore provide important targets for both the prevention and treatment of breast cancer. 

 

Uchida, K., S. Schneider, et al. (2005). "Intratumoral COX-2 Gene Expression Is a Predictive Factor for 
Colorectal Cancer Response to Fluoropyrimidine-Based Chemotherapy." Clin. Cancer Res. 
11(9): 3363-3368. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/11/9/3363  

 Purpose: Cyclooxygenase-2 (COX-2) is generally elevated in tumors compared with normal 
tissue and apparently has an important role in tumor development. A number of studies have 
found high expression of COX-2 to be an unfavorable prognostic factor for overall survival in 
several cancers. However, the influence of COX-2 expression levels on tumor response to 
chemotherapy has been relatively little studied. The purpose of this study was to ascertain if 
COX-2 gene expression is associated with tumor response in the clinical treatment of colorectal 
cancer with the fluoropyrimidine-based therapy S-1. Experimental Design: Patients with advanced 
(stage IV) colorectal cancer were treated with S-1 twice daily based on the patient's body surface 
area (BSA; BSA < 1.25 m2, 80 mg/d; 1.25 m2 [&le] BSA < 1.5 m2, 100 mg/d; BSA [&ge] 1.5 m2, 
120 mg/d) for 28 days followed by a 2-week period rest. mRNA was isolated from paraffin-
embedded pretreatment primary tumor specimens and expression levels of COX-2 relative to 
{beta}-actin as the internal reference gene were measured using a quantitative reverse 
transcription-PCR (Taqman) system. Results: The overall response rate in a group of 44 patients 
treated with S-1 was 40.9%. Sufficient tumor tissue was available from 40 of these patients for 
COX-2 mRNA quantitation. COX-2 gene expression was significantly lower in the responding 
tumors compared with the nonresponders (P = 0.012, Wilcoxon test). Patients with COX-2 values 
above the cutoff value of 3.28 x 10-3 had a significantly shorter survival than those with COX-2 
gene expressions below the cutoff value (adjusted P = 0.031). Conclusions: Intratumoral COX-2 
gene expression is associated with likelihood of response to chemotherapy with S-1 and is a 
prognostic factor for survival of patients after the start of S-1 chemotherapy. 

 

Fouquet, C., M. Antoine, et al. (2004). "Rapid and Sensitive p53 Alteration Analysis in Biopsies from Lung 
Cancer Patients Using a Functional Assay and A Universal Oligonucleotide Array: A Prospective 
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 Purpose: Molecular profiling of alterations associated with lung cancer holds the promise to 
define clinical parameters such as response to treatment or survival. Because <5% of small cell 
lung cancers and <30% of non-small cell lung cancers are surgically resectable, molecular 
analysis will perforce rely on routinely available clinical samples such as biopsies. Identifying 
tumor mutations in such samples will require a sensitive and robust technology to overcome 
signal from excess amounts of normal DNA. Experimental Design: p53 mutation status was 
assessed from the DNA and RNA of biopsies collected prospectively from 83 patients with lung 
cancer. Biopsies were obtained either by conventional bronchoscopy or computed tomography-
guided percutaneous biopsy. Matched surgical specimens were available for 22 patients. Three 
assays were used: direct sequencing; a functional assay in yeast; and a newly developed 
PCR/ligase detection reaction/Universal DNA array assay. Results: Using the functional assay, 
p53 mutation was found in 62% of biopsies and 64% of surgical specimens with a concordance of 
80%. The sensitivity of the functional assay was determined to be 5%. Direct sequencing 



confirmed mutations in 92% of surgical specimens but in only 78% of biopsies. The DNA array 
confirmed 100% of mutations in both biopsies and surgical specimens. Using this newly 
developed DNA array, we demonstrate the feasibility of directly identifying p53 mutations in 
clinical samples containing <5% of tumor cells. Conclusions: The versatility and sensitivity of this 
new array assay should allow additional development of mutation profiling arrays that could be 
applied to biological samples with a low tumor cell content such as bronchial aspirates, 
bronchoalveolar lavage fluid, or serum. 

 

Staalesen, V., B. Leirvaag, et al. (2004). "Genetic and Epigenetic Changes in p21 and p21B Do Not 
Correlate with Resistance to Doxorubicin or Mitomycin and 5-Fluorouracil in Locally Advanced 
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 Purpose: The cyclin-dependent kinase inhibitor p21 acts as a main executor of p53-induced 
growth arrest. Recently, a second transcript, p21B, was found to code for a protein expressing 
proapoptotic activity. We investigated p21 and p21B for mutations and epigenetic silencing in 
locally advanced breast cancers treated with doxorubicin or 5-fluorouracil/mitomycin and 
correlated our findings with treatment response and TP53 status. Experimental Design: We used 
reverse transcription-PCR to analyze p21/p21B mutation status in 73 breast cancer samples. The 
p21 promoter region was sequenced and analyzed for hypermethylations by methylation-specific 
PCR. In addition, a selection of patients were analyzed for mutations in the p21B promoter. 
Results: The p21 gene was neither mutated nor silenced by promoter hypermethylation in any of 
the tumors examined. One patient harbored a novel p21 splice variant in addition to the wild-type 
transcript. We observed two base substitutions in the p21 transcript, C93A and G251A, each 
affecting six patients (8.2%). The G251A variant had not been reported previously. In 12 patients 
(16.4%), we observed a novel base substitution, T35C, in p21B. All three base substitutions were 
observed in lymphocyte DNA and therefore considered polymorphisms. The polymorphisms did 
not correlate with p21 staining index, treatment response to doxorubicin or 5-
fluorouracil/mitomycin, or TP53 status. Conclusions: Our findings do not suggest that genetic or 
epigenetic disturbances in p21 or p21B cause resistance to doxorubicin or mitomycin/5-
fluorouracil in breast cancer. Future studies should assess potential associations between these 
novel polymorphisms and breast cancer risk. 

 

Del Valle, L., S. Enam, et al. (2002). "Detection of JC Polyomavirus DNA Sequences and Cellular 
Localization of T-Antigen and Agnoprotein in Oligodendrogliomas." Clin. Cancer Res. 8(11): 
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 Purpose: Productive infection of the human neurotropic polyomavirus JCPyV in oligodendrocytes 
leads to the development of progressive multifocal leukoencephalopathy, a fatal demyelinating 
disorder of the central nervous system. In addition to its role in viral infection, JCPyV T-antigen 
can transform cells in vitro and induce tumors in experimental animals in the absence of viral 
DNA replication and late gene expression. The goal of this study is to examine the presence of 
JCPyV DNA sequences and viral antigens in a series of human oligodendrogliomas. 
Experimental Design: A total of 20 well-characterized oligodendrogliomas were examined for 
detection of the JCPyV genome by PCR and immunohistochemistry for expression of viral 
proteins. Results: Gene amplification has revealed the presence of JCPyV DNA sequences 
corresponding to the NH2-terminal of T-antigen in 15 of 20 samples. DNA sequences 
corresponding to late regions, which are responsible for production of the capsid protein, VP1, 
were detected in 14 of 20 samples. Sequencing of the viral control region determined the 



presence of JCPyV Mad-4 or JCPyVCY in these tumors. By immunohistochemistry, T-antigen 
expression was detected in the nuclei of tumor cells from 10 samples that also contained 
corresponding DNA sequences by PCR. Eleven of 20 tumors exhibited immunoreactivity for the 
late auxiliary gene product, agnoprotein. None of the samples showed immunoreactivity for the 
capsid proteins, ruling out productive infection of neoplastic cells by JCPyV. Conclusions: 
Collectively, these observations provide new evidence in support of the association of the 
oncogenic human neurotropic JCPyV and oligodendrogliomas. 

 

Kawakami, M., K. Kawakami, et al. (2002). "Interleukin 4 Receptor on Human Lung Cancer: A Molecular 
Target for Cytotoxin Therapy." Clin. Cancer Res. 8(11): 3503-3511. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/8/11/3503  

 Previous studies have demonstrated that human lung tumor cell lines express interleukin 4 (IL-4) 
receptors, and IL-4 can mediate modest to moderate antiproliferative activity in vitro and in vivo in 
animal models of human lung tumors. On the basis of these studies, IL-4 was tested in clinical 
trials; however, it showed little antitumor activity in lung cancer patients. In the present study, we 
examined the expression of IL-4 receptors (IL-4Rs) in lung tumor samples and normal lung 
tissues and tested whether an IL-4R targeted agent will have better antitumor activity in vitro and 
in vivo compared with IL-4. IL-4R expression was tested by immunohistochemistry in 54 lung 
tumor samples and normal lung tissues in a tissue array, by reverse-transcription PCR and 
Northern blot analyses in lung tumor cell lines. Cytotoxic activity of IL-4 cytotoxin [IL-4(38-37)-
PE38KDEL], composed of a circular permuted IL-4 and a mutated form of Pseudomonas exotoxin 
(PE38KDEL) was tested by protein synthesis inhibition and clonogenic assays in seven lung 
tumor cell lines. Antitumor activity of IL-4 cytotoxin was tested in vitro and in immunodeficient 
animal models of human lung tumors. We observed that IL-4Rs are expressed at higher levels in 
situ in lung tumor samples compared with normal lung tissues and IL-4 cytotoxin is highly and 
specifically cytotoxic to lung tumor cell lines in vitro. Intratumoral and i.p. administration of IL-4 
cytotoxin to immunodeficient mice with s.c. established human lung H358 non-small cell lung 
cancer tumors mediated considerable antitumor activity in a dose-dependent manner with the 
higher dose producing durable complete responses. On the other hand, H460 non-small cell lung 
cancer tumors expressing low levels of IL-4R did not respond to IL-4 cytotoxin therapy. Because 
IL-4 cytotoxin mediates its antitumor activity through IL-4R, and a variety of lung tumors 
expressed high levels of IL-4R, we propose testing the safety of this agent in patients with lung 
cancer. 

 

Omholt, K., S. Karsberg, et al. (2002). "Screening of N-ras Codon 61 Mutations in Paired Primary and 
Metastatic Cutaneous Melanomas: Mutations Occur Early and Persist throughout Tumor 
Progression." Clin. Cancer Res. 8(11): 3468-3474. 
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 Purpose: Mutations in the ras genes often occur during tumorigenesis. In malignant melanoma, 
the most common ras alterations are N-ras codon 61 mutations. This study was aimed to 
measure the frequency of such mutations in a large series of paired primary and metastatic 
melanomas to determine their role in melanoma initiation and progression. Experimental Design: 
Seventy-four primary melanomas and 88 metastases originating from 54 of the primary tumors 
were screened for N-ras codon 61 mutations using single-strand conformation polymorphism and 
nucleotide sequence analyses. Results: Twenty-one of the 74 primary tumors (28%) had 
activating N-ras codon 61 mutations. From 20 of the mutated primary tumors, a total of 34 
metastases were analyzed, and all but one showed the same mutation as the primary tumor from 
which they originated. The remaining 53 primary tumors and corresponding metastases (n = 54) 



were wild-type for N-ras codon 61. Analysis of the different growth phases of the mutated primary 
tumors showed that the mutations were already present in the radial growth phase. Mutations 
were also detected in tumor-associated nevi. N-ras codon 61 mutations were associated with a 
higher Clark level of invasion (P = 0.012) and a lower age at diagnosis (P = 0.042) but did not 
affect survival (P = 0.671). Conclusions: This study shows that N-ras codon 61 mutations occur 
early in primary melanomas rather than in the metastatic stage and that once the mutations have 
occurred, they persist throughout tumor progression. This suggests that activated N-ras may be 
an attractive target for therapy in the subset of melanoma patients carrying such mutations. 
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 Purpose: The purpose of the present work was to investigate the relationship between mRNA 
expression of ERCC1 and XPB, two key genes in the nucleotide excision repair pathway, and 
clinical resistance of platinum-chemotherapy in histological subtypes of epithelial ovarian cancer. 
Experimental Design: mRNA levels of ERCC1 and XPB in epithelial ovarian cancer specimens 
from 126 different individuals were assessed using reverse transcription-PCR and followed by 
Southern hybridization methodology. Data were analyzed by linear regression analyses and by 
exhaustive regression analyses. Results: Five different histological types of tumors were 
examined; serous (n = 76), mucinous (n = 11), clear cell (n = 9), poorly differentiated (n = 9), and 
endometroid (n = 21). Numerical values for mRNA expression levels were based on internal 
controls for a stable comparative cell line and for {beta}-actin. Median values for ERCC1 and XPB 
mRNAs within clear cell tumors were, on average, >2-fold higher than the other histological tumor 
types. Linear regression analyses suggest a continuum of nucleotide excision repair gene 
expression among these cell types, and exhaustive regression analyses demonstrate that the 
higher mRNA levels seen in clear cell tumors are highly statistically significant. Conclusions: We 
conclude that mRNA levels of ERCC1 and XPB tend to be higher in clear cell tumors as opposed 
to other types of epithelial ovarian cancer. This is consistent with the long-standing observation 
that clear cell tumors are more likely to show de novo drug resistance against DNA damaging 
agents in the clinic. 
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 Purpose: Increased levels of matrix metalloproteinase 1 (MMP-1) expression have been 
associated with poor outcome in chondrosarcoma. The existence of a single nucleotide 
polymorphism creating an Ets-binding site in the MMP-1 promoter may be one mechanism for 
elevated MMP-1 transcription. The aim of our study was to identify the prevalence of this single 
nucleotide polymorphism (SNP) in chondrosarcoma patients, to determine its correlation with 
disease outcome, and to discern whether it could serve as a prognostic marker in patients with 
chondrosarcoma. Experimental Design: Sixty-seven chondrosarcoma specimens were selected 
sequentially from an established tumor bank with a median duration of 47 months follow-up 
(range, 24 to 179 months). DNA was extracted, amplified with PCR, and sequenced to determine 
presence (GG) or absence of the Ets-binding site created by the SNP. Results: Eighteen (27%) 
samples were homozygous for the absence of the Ets site, 34 (51%) were heterozygous for the 
SNP, and 15 (22%) were homozygous for the SNP. The 5-year overall survival rate for patients 
was 78, 80, and 84%, respectively (P = 0.5527). The disease-free survival rate was 16, 63, and 



76%, respectively (P = 0.0801). The 5-year disease-free survival rate for patients with the 
homozygous G/G genotype was 16%, compared with 71% for patients who were either 
homozygous or heterozygous for the GG allele (P = 0.0444). Conclusions: Despite a statistical 
correlation between MMP-1 gene expression and outcome in chondrosarcoma, this study 
demonstrates an absence of a correlation between the presence of the SNP and prognosis in 
patients with chondrosarcoma. 
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 Purpose: Preoperative histologic classification of solid renal masses remains limited with current 
technology. We determine the utility of molecular profiling based on quantitative methylation 
analysis for characterization of sporadic renal cell carcinoma. Experimental Design: Primary renal 
cell carcinomas representing three different histologic subtypes were obtained from a total of 38 
patients who underwent radical nephrectomy for suspected malignant disease. Genomic DNA 
was isolated from tumors and was subjected to sodium bisulfite modification. The normalized 
index of methylation (NIM) for each sample was determined by quantitative real-time methylation-
specific PCR at 17 different gene promoters. Hierarchical cluster analysis was performed by 
using an unsupervised neural network with binary tree topology. Results: The majority of gene 
promoters that were analyzed in this study demonstrated very low levels of methylation (NIM 
<1.0). The RASSF1A gene promoter, however, was methylated in 30 of 38 (79%) cases. The 
frequency of RASSF1A methylation in papillary, clear-cell, and oncocytoma subtypes was 100, 
90, and 25%, respectively. The highest levels of RASSF1A methylation were observed in the 
papillary (mean NIM = 78.9) and clear-cell (mean NIM = 13.4) subtypes. The vast majority of 
oncocytomas were completely unmethylated, and none demonstrated >1% methylation (mean 
NIM = 0.11). Hierarchical cluster analysis based on quantitative methylation levels resulted in 
stratification of sporadic renal cell carcinomas into their discrete histologic subtypes. Conclusions: 
Classification of sporadic renal cell carcinomas into histologic subtypes can be accomplished via 
multigene quantitative methylation profiling. Validation of this approach and selection of 
appropriate methylation markers may ultimately lead to use of this technology in the preoperative 
assessment of suspicious renal masses. 
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 Purpose: The RNASEL gene has been proposed as a candidate gene for the HPC1 locus 
through a positional cloning and candidate gene approach. Cosegregation between the truncating 
mutation E265X and disease in a hereditary prostate cancer (HPC) family and association 
between prostate cancer risk and the common missense variant R462Q has been reported. To 
additionally evaluate the possible role of RNASEL in susceptibility to prostate cancer risk, we 
performed a comprehensive genetic analysis of sequence variants in RNASEL in the Swedish 
population. Experimental Design: Using 1624 prostate cancer cases and 801 unaffected controls, 
the truncating mutation E265X and five common sequence variants, including the two missense 
mutations R462Q and D541E, were evaluated for association between genotypes/haplotypes and 
prostate cancer risk. Results: The prevalence of E265X carriers among unaffected controls and 
prostate cancer patients was almost identical (1.9 and 1.8% in controls and cases, respectively), 
and evidence for segregation of E265X with disease was not observed within any HPC family. 



Overall, the analyses of common sequence variants provided limited evidence for association 
with prostate cancer risk. We found a marginally significant inverse association between the 
missense mutation D541E and sporadic prostate cancer risk (odds ratio, 0.77; 95% confidence 
interval, 0.59-1.00) and reduced risk of prostate cancer in carriers of two different haplotypes 
being completely discordant. Conclusions: Considering the high quality in genotyping and the size 
of this study, these results provide solid evidence against a major role of RNASEL in prostate 
cancer etiology in Sweden. 

 

Geisler, S., A.-L. Borresen-Dale, et al. (2003). "TP53 Gene Mutations Predict the Response to 
Neoadjuvant Treatment with 5-Fluorouracil and Mitomycin in Locally Advanced Breast Cancer." 
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 Purpose: Recent studies have found an association between certain TP53 mutations and 
resistance to anthracycline-based primary medical therapy in breast cancer. The purpose of this 
study was to investigate whether TP53 mutational status also might influence the response to a 
non-anthracycline-containing regimen in primary breast cancer. Experimental Design: Thirty-five 
patients with locally advanced breast cancer were investigated for TP53 mutations before 
receiving combination chemotherapy with 5-fluorouracil (1000 mg/m2 on days 1 and 2) and 
mitomycin (6 mg/m2 on day 2), administered every 3 weeks for 2-10 cycles in the neoadjuvant 
setting. Results: Mutations in the TP53 gene, in particular those affecting loop domains L2 or L3 
of the p53 protein, were associated with lack of response to chemotherapy (i.e., increase in the 
diameter product of tumor lesion by [IMG]=" BORDER="0">25%; P = 0.177 for all mutations and 
P = 0.006 for those affecting L2/L3 domains, respectively). No statistically significant correlation 
between TP53 LOH and response to therapy was seen. Conclusion: This study revealed a 
significant association between lack of response to 5-fluorouracil and mitomycin and mutations 
affecting the L2/L3 domains of the p53 protein. Together with our previous finding that such 
mutations predict resistance to weekly doxorubicin, our data suggest that mutations affecting this 
particular domain of the p53 protein may cause resistance to several different cytotoxic 
compounds applied in breast cancer treatment. 
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 Purpose: Currently, many forms of leukemia are considered potentially curable, with prognosis 
and clinical outcome strongly dependent on the underlying molecular pathophysiology. A 
substantial number of leukemia patients harbor nonrandom karyotypic abnormalities that define 
subgroups with unique biological and clinical features. For detection of these types of gene 
rearrangements, a combination of multiplex RT-PCR with hybridization on oligonucleotide gel 
array was presented previously, which identified five chromosomal translocations with fusion 
variants. In the present study, additional clinically relevant translocations were included in our 
analysis using a second generation of microarrays. We also expanded significantly on the clinical 
correlation of our findings. Experimental Design: An oligonucleotide microarray was designed for 
hybridization with products of a multiplex RT-PCR to identify the following translocations: 
t(9;22)p190, t(4;11), t(12;21), t(1;19), typical for acute lymphoblastic leukemia; t(9;22)p210 for 
chronic myeloid leukemia; and t(8;21), t(15;17), inv16, typical for acute myeloblastic leukemia. 
Results: To demonstrate the potential clinical application of the method, 247 cases of childhood 
leukemia were screened, and the above-mentioned gene rearrangements were found in 30% of 



cases. The sensitivity and specificity of the assay is comparable with the RT-PCR technique, so 
that it can be used to follow minimal residual disease. The feasibility of an additional refinement of 
the method, on-chip-multiplex PCR, has been successfully demonstrated by identifying a 
common translocation, t(9;22), in chronic myeloid leukemia. Conclusions: Our data suggest that 
the microarray-based assay can be an effective and reliable tool in the clinical screening of 
leukemia patients for the presence of specific gene rearrangements with important diagnostic and 
prognostic implications. The method is amenable for automation and high-throughput analysis. 
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 Purpose: A clinical role for nonquantitative reverse transcription-PCR (RT-PCR) using prostate-
specific antigen in blood samples from patients with prostate cancer remains undefined. Assay 
variation and detection of prostate-specific antigen mRNA illegitimate transcription may explain 
inconsistent results between studies. Defining levels of prostate-specific antigen mRNA 
expression in blood samples from healthy volunteers and patients with prostate cancer would 
allow cutoffs to be established to distinguish the two groups. Experimental Design: Quantitative 
real-time RT-PCR for prostate-specific antigen mRNA was established and levels of prostate-
specific antigen mRNA measured in bloods samples from healthy volunteers (n = 21) and 
patients with localized (n = 27) and metastatic (n = 40) prostate cancer. Results: Levels of 
prostate-specific antigen mRNA were significantly higher in blood samples from patients with 
metastatic prostate cancer than in blood samples from patients with localized prostate cancer (P 
< 0.001) or in blood samples from healthy volunteers (P < 0.01); levels between patients with 
localized prostate cancer and healthy volunteers were no different. Assay sensitivity to detect 
patients with metastatic prostate cancer was 68% with specificity of 95%. In patients with newly 
diagnosed metastatic prostate cancer, monitoring response to hormonal therapy was possible 
with this assay. No correlation between levels of prostate-specific antigen mRNA and serum 
prostate-specific antigen protein levels was found, suggesting that prostate-specific antigen 
mRNA and serum prostate-specific antigen protein levels reflect different features of prostate 
cancer, i.e., circulating tumor cells and total tumor bulk, respectively. Conclusions: Quantitative 
RT-PCR discriminates patients with metastatic prostate cancer from healthy volunteers and 
patients with localized prostate cancer but cannot discriminate patients with localized prostate 
cancer from healthy volunteers. A role for quantitative RT-PCR has been identified in the 
assessment and monitoring of patients with metastatic prostate cancer. 

 

Robien, K., C. M. Ulrich, et al. (2004). "Methylenetetrahydrofolate Reductase Genotype Affects Risk of 
Relapse after Hematopoietic Cell Transplantation for Chronic Myelogenous Leukemia." Clin. 
Cancer Res. 10(22): 7592-7598. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/22/7592  

 Purpose: Methylenetetrahydrofolate reductase (MTHFR) directs intracellular folate toward 
homocysteine metabolism and away from nucleotide synthesis. Two common MTHFR 
polymorphisms, C677T and A1298C, are associated with reduced enzyme activity. We evaluated 
the association of these polymorphisms with risk of relapse and bcr-abl mRNA transcript 
detection among 336 Caucasian patients who underwent allogeneic hematopoietic cell 
transplantation for chronic myelogenous leukemia. Experimental Design: Data on the transplant 
course and folate-related exposures were abstracted from medical records. MTHFR C677T and 
A1298C genotypes were determined using polymerase chain reaction/restriction fragment length 



polymorphism and TaqMan assays. Qualitative bcr-abl mRNA testing was conducted using a two-
step reverse transcription-polymerase chain reaction assay. Cox regression analysis was used to 
assess the association between MTHFR genotypes and time to relapse and bcr-abl mRNA 
detection. Results: A statistically significant decreased risk of relapse was observed in patients 
with the variant A1298C genotype [1298AC, hazard ratio (HR) = 0.48 and 95% confidence 
interval (CI) = 0.26-0.88; 1298CC, HR = 0.28 and 95% CI = 0.09-0.84; P-trend < 0.01). For the 
joint C677T/A1298C genotype, variant genotypes were associated with a decreased risk of 
relapse when compared with the wild-type 677CC/1298AA genotype. This risk was lowest for the 
677CC/1298CC genotype (HR, 0.23; 95% CI, 0.08-0.72). MTHFR genotypes were not associated 
with bcr-abl transcript detection. Conclusions: These findings suggest that individuals with the 
677CC/1298AA genotype are at higher risk of relapse after hematopoietic cell transplantation and 
that the balance of intracellular folate metabolites available for nucleotide synthesis (regulated by 
the relative activity of the MTHFR enzyme) may affect the progression from bcr-abl positivity to 
clinical relapse. 
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 Purpose: Three genes, namely DNA methyltransferase (DNMT) 1, DNMT3A, and DNMT3B, 
coding for DNMTs that affect promoter methylation status are thought to play an important role in 
the development of cancers. Little is known of the biological and clinical significance of these 
genes in human breast cancer. Experimental Design: We used real-time reverse transcription-
PCR assays to quantify the mRNA expression of the three DNMT genes in a series of 130 breast 
cancer patients. We also sought relationships between mRNA levels of the DNMTs and those of 
20 target genes involved in the DNMT pathway (subgroup of 46 breast tumors). Results: The 
DNMT3B gene showed the highest range of expression (81.8 compared with 16.6 and 14 for 
DNMT1 and DNMT3A, respectively). DNMT3B was overexpressed in 30% of the patients (5.4 
and 3.1% for DNMT1 and DNMT3A, respectively). DNMT3B overexpression was significantly 
related to Scarff, Bloom, and Richardson histopathological grade III (P = 0.002), ER{alpha} 
negativity (P = 0.0015), and strong MKI67 expression (P = 3 x 10-6). In univariate analysis, 
DNMT3B overexpression was associated with poor relapse-free survival in the subgroup of 
patients who received adjuvant hormone therapy (with or without chemotherapy; P = 0.0064). 
Although the poor prognosis associated with DNMT3B overexpression was confirmed by 
univariate analysis in an independent series of 98 postmenopausal women exclusively treated 
with adjuvant tamoxifen therapy (P = 0.0036), DNMT3B expression status did not persist as an 
independent prognostic factor in multivariate analysis. Conclusions: Although we failed to identify 
underexpression of specific target genes associated with DNMT increasing expression, the 
frequent overexpression of DNMT3B in this breast tumor series points to DNMT3B as a potential 
new therapeutic target in breast cancer. 
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 Purpose: Estrogen exposure has been linked to a risk for the development of testicular germ cell 
cancers. The effects of estrogen are now known to be mediated by estrogen receptor (ER)-
{alpha} and -{beta} receptor subtypes, but only ER-{beta} has been found in human normal testis. 
The goal of the present study was to compare the localization and expression levels of these ER 
subtypes in testicular germ cell cancers (seminomas and nonseminomatous germ cell tumors) 



with normal testis. For completeness, expression of androgen and progesterone receptors was 
also investigated. Experimental Design: Immunohistochemistry was used to localize the 
expression of steroid receptors in 39 archival testicular germ cell cancers and 5 morphologically 
normal testes. Expression of the steroid receptors at the transcript level was semiquantified by 
reverse transcription-PCR in 5 paired fresh-frozen specimens of normal and neoplastic testes. 
Results: ER-{alpha} was not expressed in the human normal testis. It was also absent in all of the 
testicular germ cell cancers studied. In contrast, ER-{beta} was strongly expressed in various 
germ cells of the normal testis. However, its expression was markedly diminished in seminomas, 
embryonal cell carcinomas, and in mixed germ cell tumors, at both transcriptional and 
translational levels. In contrast, ER-{beta} remained highly expressed in endodermal sinus tumors 
and teratomas. Progesterone receptor, an estrogen-regulated gene, was localized to 
spermatagonia of the normal testis, but its expression dramatically reduced in seminomas. With 
the exception of spermatagonia, androgen receptor was found in all of the germ cells of the 
normal testis, but, aside from trace staining in 3 of 5 endodermal sinus tumor cells, it was not 
detected immunohistochemically in any other germ cell cancer. Conclusions: We confirm 
expression of ER-{beta}, but not ER-{alpha}, in normal testicular cells, suggesting that only the 
former ER subtype mediates the action of estrogen in the human male gonad. Our results provide 
the first evidence that only ER-{beta} is expressed in testicular germ cell tumors. Its expression is 
down-regulated in seminomas and embryonal cell carcinomas but remains high in endodermal 
sinus tumors and in teratomas. The observed differences in ER-{beta} expression levels among 
different testicular germ cell tumors may reflect divergent pathways of 
differentiation/dedifferentiation of these neoplasms from a common precursor. Collectively, these 
findings provide a possible mechanistic link between estrogen exposure and testicular cancer 
risk. 
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 Purpose: Because inherited BRCA1or BRCA2 mutations strikingly increase ovarian cancer risk, 
polymorphisms in these genes could represent low penetrance susceptibility alleles. Previous 
studies of the BRCA2 N372H polymorphism suggested that HH homozygotes have a modestly 
increased risk of both breast and ovarian cancer. We have examined whether BRCA2 N372H or 
common amino acid-changing polymorphisms in BRCA1 predispose to ovarian cancer. 
Experimental Design: A population-based, case control study of ovarian cancer was performed in 
North Carolina. Cases included 312 women with ovarian cancer (76% invasive and 24% 
borderline) and 401 age- and race-matched controls. Blood DNA from subjects was genotyped 
for BRCA2 N372H and BRCA1 Q356R and P871L. Results: There was no association between 
BRCA2 N372H and risk of borderline or invasive epithelial ovarian cancer. The overall odds ratio 
(OR) for HH homozygotes was 0.8 [95% confidence interval (CI) = 0.4-1.5] and was similar in all 
subsets, including invasive serous cases. In addition, neither the BRCA1 Q356R (OR = 0.9, 95% 
CI 0.5-1.4) nor P871L (OR = 0.9, 95% CI 0.6-1.9) polymorphisms were associated with ovarian 
cancer risk. There was a significant racial difference in allele frequencies of the P871L 
polymorphism (P = 0.64 in Caucasians, L = 0.76 in African-Americans, P < 0.0001). Conclusions: 
In this population-based, case control study, common amino acid changing BRCA1 and 2 
polymorphisms were not found to affect the risk of developing ovarian cancer. 
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 Purpose: Although NY-ESO-1 was isolated from an esophageal carcinoma patient, its expression 
in this type of cancer and its immunogenicity in esophageal cancer patients have not yet been 
fully elucidated. We report here the frequency of NY-ESO-1 mRNA and protein expression in 
esophageal cancer and the presence of NY-ESO-1-specific immune response in patients. 
Experimental Design: One hundred twenty three esophageal squamous cell carcinoma 
specimens were analyzed for the expression of NY-ESO-1 mRNA by conventional and real-time 
reverse transcription-PCR and the expression of protein by immunohistochemistry and Western 
blot. Sera and peripheral blood lymphocytes from 51 patients were analyzed for the NY-ESO-1 
antibody production by enzyme-linked immunosorbent assay and NY-ESO-1 T cell response by 
enzyme-linked immunospot assay. Survival analyses were also performed. Results: NY-ESO-1 
mRNA was expressed in 41 of 123 (33%) esophageal squamous cell carcinoma specimens, and 
its expression was found at higher frequency in well-differentiated and moderately differentiated 
type of cancer. No mRNA copy was detected in any of the adjacent normal tissues. Twenty-one 
of 24 (87.5%) NY-ESO-1 mRNA-positive tumors were stained positively by 
immunohistochemistry. Correlation between the level of NY-ESO-1 mRNA expression and the 
degree of immunohistochemistry positivity was observed. Antibody production was observed in 2 
patients with tumors that showed protein expression. Furthermore, a CD8 T-cell response against 
NY-ESO-1 was observed in 1 of the 2 seropositive patients. Conclusions: The high expression 
frequency of NY-ESO-1 mRNA and protein indicates NY-ESO-1 as a feasible vaccine target in 
esophageal cancer. 

 

Jordan, R. C. K., M. Macabeo-Ong, et al. (2004). "Overexpression of Matrix Metalloproteinase-1 and -9 
mRNA Is Associated with Progression of Oral Dysplasia to Cancer." Clin. Cancer Res. 10(19): 
6460-6465. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/19/6460  

 Purpose: Although an important risk factor for oral cancer is the presence of epithelial dysplasia, 
many lesions will not progress to malignancy. Matrix metalloproteinases (MMPs) are zinc-
dependent proteinases capable of digesting various structural components of the extracellular 
matrix. Because MMPs are frequently overexpressed in oral squamous cell carcinoma (SCC), we 
hypothesized that they are also overexpressed in oral dysplasias; we also hypothesized that 
those dysplasias that progress to oral cancer express higher levels of MMPs than those lesions 
that do not progress. Experimental Design: In this retrospective study, we examined changes in 
MMP-1, -2, and -9 mRNA expression using quantitative TaqMan reverse transcription-
polymerase chain reaction in 34 routinely processed oral dysplasias and 15 SCCs obtained from 
34 patients. After several years of close follow-up, 19 dysplasias progressed to oral SCC and 15 
did not. Results: Overall, MMP-1 mRNA was overexpressed (>2-fold) in 24 of 34 (71%) 
dysplasias and 13 of 15 (87%) oral SCCs. MMP-2 overexpression was seen in 11 of 34 (32%) 
dysplasias and 7 of 15 (47%) cancers; for MMP-9, overexpression was identified in 29 of 34 
(85%) dysplasias and 15 of 15 (100%) cancers. MMP-1 and -9 levels were significantly higher in 
the SCCs compared with all oral dysplasias (P = 0.004 and P = 0.01, respectively). MMP-1 and -9 
mRNA levels were significantly higher in the oral dysplasias that progressed to oral cancer 
compared with those that did not (P = 0.04 and P = 0.002, respectively). Conclusions: Levels of 
MMP-1 and -9 mRNA may be markers of malignant transformation of oral dysplasia to oral 
cancer. 

 

Baker, M. K., K. Mikhitarian, et al. (2003). "Molecular Detection of Breast Cancer Cells in the Peripheral 
Blood of Advanced-Stage Breast Cancer Patients Using Multimarker Real-Time Reverse 
Transcription-Polymerase Chain Reaction and a Novel Porous Barrier Density Gradient 
Centrifugation Technology." Clin. Cancer Res. 9(13): 4865-4871. 



 http://clincancerres.aacrjournals.org/cgi/content/abstract/9/13/4865  

 Purpose: The goal of this study was to develop a molecular diagnostic assay to detect circulating 
breast cancer cells in the peripheral blood for the purpose of staging breast cancer. Our aim was 
to make available an assay that was not limited by the low concentration of circulating breast 
cancer cells and the background gene expression that is typically found in peripheral blood. 
Experimental Design: In this study, we investigated the ability of two new technologies to 
significantly enhance the quantification of gene expression in the peripheral blood: enrichment by 
a novel porous barrier density gradient centrifugation technology; and multimarker real-time 
reverse transcription-PCR (RT-PCR). Results: Using fluorescence-labeled breast cancer cells 
and flow cytometry, we show that processing peripheral blood by porous barrier density gradient 
centrifugation results in a 300-fold enrichment of breast cancer cells. Real-time RT-PCR analysis 
confirmed a concomitant reduction in background expression of the CK19 and MUC1 genes after 
enrichment. In a pilot study, porous barrier density gradient centrifugation and multimarker real-
time RT-PCR enabled our laboratory to detect breast cancer-associated gene overexpression in 
13 of 20 (65%) stage IV breast cancer patients. Nine of these 14 patients overexpressed three or 
more markers. Conclusions: These results confirm the promise of such a molecular diagnostic 
assay and suggest that additional studies are needed to precisely define the clinical relevance. 

 

Kim, J.-H., D. Herlyn, et al. (2003). "Identification of Epithelial Cell Adhesion Molecule Autoantibody in 
Patients with Ovarian Cancer." Clin. Cancer Res. 9(13): 4782-4791. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/9/13/4782  

 The epithelial cell adhesion molecule (Ep-CAM) exhibited an ovarian cancer:normal human 
ovarian surface epithelium ratio of 444. For validation studies, real-time quantitative PCR analysis 
and immunohistochemistry were performed in normal and malignant ovarian epithelial cell lines 
and tissues. To evaluate the potential of the Ep-CAM autoantibody as a tumor marker, we 
examined the amount of Ep-CAM autoantibody in serum samples obtained from ovarian cancer 
patients and normal controls by an ELISA. Real-time quantitative PCR analysis revealed 
significant overexpression of Ep-CAM mRNA in cancer cell lines (P < 0.001) and microdissected 
cancer tissues (P < 0.05), compared with that in cultured normal human ovarian surface 
epithelium and microdissected germinal epithelium, respectively. Immunolocalization of the Ep-
CAM autoantibody showed that the sera of ovarian cancer patients expressed higher levels of 
Ep-CAM autoantibody than benign tumor patients and normal controls (P < 0.05). The levels of 
Ep-CAM autoantibody found were as follows: 0.132 in 52 patients with ovarian cancer, 0.098 in 
26 cases with benign gynecologic disease, and 0.090 in 26 normal women. This investigation has 
shown that the Ep-CAM autoantibody was found to be associated with ovarian cancer and 
suggested that future research assessing its clinical usefulness would be worthwhile. 

 

Alleman, W. G., R. L. Tabios, et al. (2004). "The In vitro and In vivo Effects of Re-Expressing Methylated 
von Hippel-Lindau Tumor Suppressor Gene in Clear Cell Renal Carcinoma with 5-Aza-2'-
deoxycytidine." Clin. Cancer Res. 10(20): 7011-7021. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/10/20/7011  

 Purpose: Clear cell renal carcinoma (ccRCC) is strongly associated with loss of the von Hippel-
Lindau (VHL) tumor suppressor gene. The VHL gene is functionally lost through hypermethylation 
in up to 19% of sporadic ccRCC cases. We theorized that re-expressing VHL silenced by 
methylation in ccRCC cells, using a hypo-methylating agent, may be an approach to treatment in 
patients with this type of cancer. We test the ability of two hypo-methylating agents to re-express 



VHL in cell culture and in mice bearing human ccRCC and evaluate the effects of re-expressed 
VHL in these models. Experimental Design: Real-time reverse transcription-PCR was used to 
evaluate the ability of zebularine and 5-aza-2'-deoxycytidine (5-aza-dCyd) to re-express VHL in 
four ccRCC cell lines with documented VHL gene silencing through hypermethylation. We 
evaluated if the VHL re-expressed after hypo-methylating agent treatment could recreate similar 
phenotypic changes in ccRCC cells observed when the VHL gene is re-expressed via 
transfection in cell culture and in a xenograft mouse model. Finally we evaluate global gene 
expression changes occurring in our cells, using microarray analysis. Results: 5-Aza-dCyd was 
able to re-express VHL in our cell lines both in culture and in xenografted murine tumors. Well 
described phenotypic changes of VHL expression including decreased invasiveness into Matrigel, 
and decreased vascular endothelial growth factor and glucose transporter-1 expression were 
observed in the treated lines. VHL methylated ccRCC xenografted tumors were significantly 
reduced in size in mice treated with 5-aza-dCyd. Mice bearing nonmethylated but VHL-mutated 
tumors showed no tumor shrinkage with 5-aza-dCyd treatment. Conclusion: Hypo-methylating 
agents may be useful in the treatment of patients having ccRCC tumors consisting of cells with 
methylated VHL. 

 

Farag, S. S., S. L. George, et al. (2002). "Postremission Therapy with Low-dose Interleukin 2 with or 
without Intermediate Pulse Dose Interleukin 2 Therapy Is Well Tolerated in Elderly Patients with 
Acute Myeloid Leukemia: Cancer and Leukemia Group B Study 9420." Clin. Cancer Res. 8(9): 
2812-2819. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/8/9/2812  

 Purpose: The purpose of the study is to investigate the tolerability of interleukin 2 (IL-2) after 
intensive chemotherapy in elderly acute myeloid leukemia (AML) patients in first complete 
remission (CR). Experimental Design: AML patients [&gt;=]60 years in CR after induction and 
consolidation chemotherapy on Cancer and Leukemia Group B study 9420 were eligible if they 
had neutrophils [&gt;=]1 x 109/liters and platelets [&gt;=]75 x 109/liters. Patients received low-
dose IL-2 (1 x 106 IU/m2/day s.c. for 90 days) or low-dose IL-2 with intermediate pulse doses (6-
12 x 106 IU/m2/day s.c. for 3 days) every 14 days (maximum five pulses). In a subset of patients, 
we investigated the expression of NKG2D ligands by leukemic cells because they are likely 
important mediators of natural killer cytotoxicity. Results: Of 35 CR patients receiving IL-2, 34 
were evaluable for toxicity. Median age was 67 (range, 60-76) years. Thirteen of 16 patients 
receiving low-dose IL-2 completed the planned therapy, and 11 of 18 who also received 
intermediate pulse dose IL-2 therapy completed all five pulses. The spectrum of toxicity in both 
groups was similar, with predominantly grade 1-2 fatigue, fever, injection site reactions, nausea, 
anemia, and thrombocytopenia. Grade 3-4 hematological and nonhematological toxicity were 
more frequent in patients also receiving intermediate pulse dose IL-2 therapy. Grade 3-4 fatigue 
and hematological toxicity, although uncommon, were the major causes for discontinuing or 
attenuating therapy. In 8 cases, mRNA for one or more NKG2D ligands was detected in leukemic 
cells obtained at diagnosis before treatment. Conclusions: Low-dose IL-2, with or without 
intermediate pulse dose therapy, given immediately after chemotherapy in first CR to elderly AML 
patients is well tolerated. Expression of NKG2D ligands by leukemic cells was detected in the 
majority of cases tested and should be assessed for correlation with response to IL-2 in future 
studies. 

 

Specht, K., M. Kremer, et al. (2002). "Identification of Cyclin D1 mRNA Overexpression in B-Cell 
Neoplasias by Real-Time Reverse Transcription-PCR of Microdissected Paraffin Sections." Clin. 
Cancer Res. 8(9): 2902-2911. 

 http://clincancerres.aacrjournals.org/cgi/content/abstract/8/9/2902  



 Purpose: Overexpression of cyclin D1 mRNA and protein as a result of the chromosomal 
translocation t(11;14)(q13;q32) is a highly specific molecular marker of mantle cell lymphoma, but 
cyclin D1 dysregulation can also be found in other B-cell neoplasias. The aim of the study was to 
develop a precise and reliable tool for quantitation of cyclin D1 mRNA suitable for archival clinical 
specimens. Experimental Design: A real-time reverse transcription-PCR (RT-PCR) assay was 
used to quantitate cyclin D1 mRNA copy numbers. Using 2000 microdissected cells as template, 
104 formalin-fixed, paraffin-embedded lymph node, spleen, and decalcified bone marrow biopsies 
from a panel of 95 cases of B-cell non-Hodgkin's lymphomas (B-NHLs) were analyzed. In 
addition, cyclin D1 protein expression was assessed by immunohistochemistry. Results: Strong 
cyclin D1 mRNA overexpression was detected in mantle cell lymphomas (23 of 23), hairy cell 
leukemias (5 of 19), and multiple myelomas (7 of 23) with particularly high levels in 2 of the latter 
cases. Intermediate transcript levels were found in 5 of 23 multiple myelomas and 7 of 19 hairy 
cell leukemias. B-cell chronic lymphocytic leukemias (10 of 10), follicular lymphomas (9 of 9), 
mucosa-associated lymphoid tissue lymphomas (5 of 5) and reactive lymphoid tissues with the 
exception of normal spleen had no or very low cyclin D1 expression. In comparison with real-time 
RT-PCR, immunohistochemistry showed a lower level of sensitivity, more variability, and did not 
allow accurate quantitation. Conclusions: Real-time RT-PCR for cyclin D1 mRNA is an excellent 
tool for the differential diagnosis of B-NHLs and, in combination with microdissection, a powerful 
approach for retrospective trials using archival clinical specimens as tissue source. Furthermore, 
real-time RT-PCR may help to identify subgroups of B-NHLs according to cyclin D1 mRNA copy 
numbers and to investigate the possible influence of different chromosomal breakpoints on cyclin 
D1 expression. 

 

de Vos tot Nederveen Cappel, W. H., G. J. A. Offerhaus, et al. (2003). "Pancreatic Carcinoma in Carriers 
of a Specific 19 Base Pair Deletion of CDKN2A/p16 (p16-Leiden)." Clin. Cancer Res. 9(10): 
3598-3605. 
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 Purpose: The purpose is to document the clinical, pathological, and genetic features of pancreatic 
carcinoma (PC) in carriers of a specific p16-Leiden mutation (a 19-bp deletion in exon 2 of the 
CDKN2A gene). Experimental Design: Clinical data and paraffin embedded tissue were obtained 
from 12 patients of p16-Leiden-positive families with PC. Because of the known 19-bp germ-line 
deletion, we could specifically analyze the genotype of the wild-type allele for loss of 
heterozygosity. K-ras codon 12 mutations were determined and immunohistochemical testing for 
p16, Tp53, Smad4, and cyclooxygenase 2 was performed. Results: The average age of subjects 
that developed PC (8 males) was 58 years (range, 43-74 years). Histology was considered as 
conventional ductal adenocarcinoma in 11 of 12 and neuroendocrine carcinoma (1 of 12). The 
carcinomas were located in the head (10 of 12), corpus (1 of 12), and tail (1 of 12) of the 
pancreas. The specific p16-Leiden mutation was confirmed in the tissue of all subjects. Loss of 
heterozygosity of the wild-type allele was present in 2 of 7 tumors analyzed. Immunostaining for 
p16 was negative in 10 of 10. Tp53 mutations were detected in 5 of 12. Smad4 was negative in 5 
of 12 and cyclooxygenase 2 was overexpressed in 11 of 12. K-ras codon 12 mutations were 
present in 9 of 10 and in three precursor lesions even before abrogation of p16 protein 
expression was seen (one of three). Conclusions: The p16-Leiden deletion was associated with 
progression toward conventional ductal adenocarcinomas in all cases but one. Our observations 
might support the feasibility of early diagnosis of PC in p16-Leiden mutation carriers and might 
also indicate that chemoprevention needs consideration. 

 

Li, A. J., R. L. Baldwin, et al. (2003). "Short Androgen Receptor Allele Length Is a Poor Prognostic Factor 
in Epithelial Ovarian Carcinoma." Clin. Cancer Res. 9(10): 3667-3673. 
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 Purpose: Epidemiological evidence implicates a heightened androgenic state in women with 
epithelial ovarian cancer. Androgen activity may be modulated by altered expression or activity of 
the androgen receptor (AR) or AR polymorphisms. Exon 1 of the AR gene contains a polymorphic 
(CAG)n sequence whose length is inversely correlated with transcriptional activity. Experimental 
Design: Differential expression of AR mRNA and protein was examined in 46 primary cultures of 
normal human ovarian surface epithelium (HOSE) and malignant Cedars-Sinai ovarian cancer 
(CSOC) ovarian epithelial cells. AR allele length was characterized by genotyping in 77 ovarian 
cancer specimens. Results: AR mRNA expression was higher in CSOC primary cultures (1.58 
{+/-} 0.17) when compared with HOSE (1 {+/-} 0.09, P = 0.005), but protein expression was not 
statistically different. CAG repeat lengths were shorter in CSOC (20.6 {+/-} 1.2) than in HOSE 
(23.4 {+/-} 0.9, P = 0.04). Patients with an AR allele containing [<=]19 CAG repeats had a shorter 
time to recurrence (5.5 versus 19.4 months, P < 0.0001) and overall survival (9 versus 32.6 
months, P = 0.0007). There was no correlation between AR allelotype and age of diagnosis, 
stage, or grade; however, a short CAG length [<=]19 repeats was associated with decreased 
surgical cytoreducibility (44.4 versus 10.3%, P = 0.035). Multivariate analyses confirmed a short 
AR allele as an independent prognostic factor (P = 0.02). Conclusions: These data support 
epidemiological evidence linking heightened androgenicity to the pathogenesis and tumor biology 
of epithelial ovarian cancer. 

 

Rossi, E. A., R. M. Sharkey, et al. (2003). "Development of New Multivalent-bispecific Agents for 
Pretargeting Tumor Localization and Therapy." Clin. Cancer Res. 9(10): 3886S-3896. 
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 Purpose: Two bispecific diabodies (BS1.5 and BS1.5H) and two bispecific trivalent proteins (BS6 
and BS8) were produced and tested as potential agents for pretargeted delivery of radiolabeled 
bivalent haptens to tumors expressing carcinoembryonic antigen. Experimental Design: Each of 
the four proteins was expressed in Escherichia coli and purified from the soluble fraction. BS1.5 
and BS1.5H (a humanized version of BS1.5) were evaluated in the GW-39 human colonic tumor-
nude mouse model using a di-HSG-1,4,7,10-tetra-azacyclododecane-N,N',N'' N'''-tetraacetic acid 
peptide (IMP-241) radiolabeled with 111In. The biodistribution and T/NT ratios were compared 
with those of hMN-14 x m679 (Fab' x Fab') prepared chemically. Results: In animals, both BS1.5 
and BS1.5H cleared more rapidly than hMN-14 x m679 and showed tumor to nontumor ratios far 
superior to those of hMN-14 x m679. For example, with BS1.5 injected 8 h before 111In-IMP-241, 
the tumor uptake of 111In was 10.3 {+/-} 2.7 and 6.3 {+/-} 2.2% ID/g at 3 and 24 h, respectively, 
with the tumor to blood ratios being 167 {+/-} 35 at 3 h and 631 {+/-} 231 at 24 h. In comparison, 
the tumor to blood ratios of 111In observed for hMN-14 x m679 given 24 h earlier were 8 {+/-} 2 
at 3 h and 16 {+/-} 3 at 24 h. Conclusions: These results indicate that BS1.5 and BS1.5H are 
promising candidates for use in a variety of pretargeting applications, including tumor therapy with 
radionuclides and drugs. BS6 and BS8 may be even more attractive because of their potential to 
achieve higher levels of tumor uptake because of divalent carcinoembryonic antigen binding. 

 

Solomon, A., D. T. Weiss, et al. (2003). "Therapeutic Potential of Chimeric Amyloid-reactive Monoclonal 
Antibody 11-1F4." Clin. Cancer Res. 9(10): 3831S-3838. 
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 Purpose: We had previously reported that certain of our murine (m) antihuman light chain 
monoclonal antibodies (mAbs) recognized an epitope common to AL and other types of amyloid 



fibrils. On the basis of this evidence, one such antibody, 11-1F4, was administered to mice 
bearing AL amyloidomas induced by s.c. injection of human AL extracts. The mAb bound to the 
amyloid and initiated an Fc-mediated cellular inflammatory response that led to rapid reduction in 
the tumor masses. To develop this reagent for clinical use, the 11-1F4 mAb was chimerized and 
its activity compared with that of the unmodified antibody. Experimental Design: The chimeric (c) 
11-1F4 mAb was produced in CHOdhfr-stable mammalian cell lines that had been transfected 
with a supervector DNA encoding the mouse 11-1F4 heavy and light chain variable regions (VH, 
VL) and human heavy and light chain constant regions (CH, CL). The antibody products were 
analyzed for their fibril binding activity and ability to effect amyloidolysis in two in vivo 
experimental models. Results: The capability of the c11-1F4 mAb to interact with amyloid was 
demonstrated in vitro. Administration of this reagent into mice bearing human AL tumors or those 
with systemic AA deposits resulted in marked reduction in amyloid burden with no evidence of 
toxicity in the animals. Conclusions: These results have led to the decision to produce GMP-
grade c11-1F4 for a Phase I/II clinical trial in patients with primary (AL) amyloidosis where the 
effectiveness of the reagent could be determined. The use of amyloid-reactive antibodies would 
represent a novel approach in the treatment of individuals with this invariably fatal disorder. 

 

de Jong, F. A., S. Marsh, et al. (2004). "ABCG2 Pharmacogenetics: Ethnic Differences in Allele 
Frequency and Assessment of Influence on Irinotecan Disposition." Clin. Cancer Res. 10(17): 
5889-5894. 
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 Purpose: The ATP-binding cassette transporter ABCG2 (breast cancer resistance protein) is an 
efflux protein that plays a role in host detoxification of various xenobiotic substrates, including the 
irinotecan metabolite 7- ethyl-10-hydroxycamptothecin (SN-38). The ABCG2 421C>A 
polymorphism has been associated with reduced protein expression and altered function in vitro. 
The aim of this study was to evaluate the ethnic distribution and potential functional consequence 
of the ABCG2 421C>A genotype in cancer patients treated with irinotecan. Experimental Design: 
ABCG2 genotyping was performed using Pyrosequencing on DNA from 88 American 
Caucasians, 94 African Americans, 938 Africans, and 95 Han Chinese, as well as in 84 European 
Caucasian patients treated with irinotecan undergoing additional blood sampling for 
pharmacokinetic studies. Results: Significant differences in allele frequencies were observed 
between the given world populations (P < 0.001), the variant allele being most common in the 
Han Chinese population with a frequency as high as 34%. The mean area under the curve of 
irinotecan and SN-38 were 19,851 and 639 ng x hour/mL, respectively. The frequency of the 
variant allele (10.7%) was in line with results in American Caucasians. No significant changes in 
irinotecan pharmacokinetics were observed in relation to the ABCG2 421C>A genotype, although 
one of two homozygous variant allele carriers showed extensive accumulation of SN-38 and SN-
38 glucuronide. Conclusions: The ABCG2 421C>A polymorphism appears to play a limited role in 
the disposition of irinotecan in European Caucasians. It is likely that the contribution of this 
genetic variant is obscured by a functional role of other polymorphic proteins. 

 

Ho, S. B., A. Hyslop, et al. (2004). "Quantification of Colorectal Cancer Micrometastases in Lymph Nodes 
by Nested and Real-Time Reverse Transcriptase-PCR Analysis for Carcinoembryonic Antigen." 
Clin. Cancer Res. 10(17): 5777-5784. 
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 Purpose: Reverse-transcriptase PCR (RT-PCR) assays for carcinoembryonic antigen (CEA) have 
been described to identify lymph node micrometastases. These assays are not quantitative and 
can be confounded by false-positive results. The purpose of this study was to determine whether 



quantification of CEA in lymph nodes could more readily identify clinically relevant groups. 
Experimental Design: Specimens included 400 lymph nodes from 64 patients undergoing colon 
resections. Specimens were tested by immunohistochemistry and by RT-PCR using nested 
primers for CEA. Specimens from 59 patients that were positive by nested RT-PCR were further 
quantified by detection of CEA mRNA fluorescence increase at a threshold PCR cycle. Results: 
CEA was detected by nested RT-PCR analysis in 4 of 34 (12%) nodes of nonneoplastic disease, 
2 of 13 (15%) nodes from T1N0 patients, 32 of 81 (40%) nodes of T2N0 patients, 49 of 109 (45%) 
nodes from T3N0 patients, and 92 of 163 (56%) nodes from T1-4N1-2 patients. The overall 
presence of any RT-PCR-detectable CEA in nodes did not differentiate patient groups. 
Immunohistochemistry was positive in nodes from 7% of T3N0 patients and 100% of T1-3N1-2 
patients. CEA quantification revealed that 0 of 7 patients with nonneoplastic disease and 2 of 17 
(12%) patients with stage I T1-2N0 cancers had one or more lymph nodes with [&ge]1.0 x 102 
CEA transcripts per sample. In contrast, 4 of 13 (31%) patients with stage II T3N0 cancer and 10 
of 22 (45%) stage III patients with known metastases had lymph nodes with [&ge]1.0 x 102 CEA 
transcripts. Conclusions: These data suggest that quantification of CEA levels in lymph nodes 
may more accurately identify patients at risk for cancer recurrence than does routine nested RT-
PCR or immunohistochemistry. 

 

Jones, J. S., X. Chi, et al. (2004). "p53 Polymorphism and Age of Onset of Hereditary Nonpolyposis 
Colorectal Cancer in a Caucasian Population." Clin. Cancer Res. 10(17): 5845-5849. 
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 Purpose: Hereditary nonpolyposis colorectal cancer (HNPCC) is an autosomal dominant 
syndrome of familial malignancies. Colorectal and endometrial cancers are most frequently 
observed. The syndrome results mainly from germ-line mutations in DNA mismatch repair genes. 
A common G-to-C polymorphism at codon 72 in the p53 gene has been associated with 
increased risk for lung, nasopharyngeal, oral, prostate, and breast cancers and may be a marker 
for genetic susceptibility to colorectal cancer. We studied the influence of this p53 polymorphism 
on HNPCC age of onset. Experimental Design: We determined the p53 genotype of 92 
Caucasian mismatch repair mutation carriers, of which, 47 had colorectal cancer. The subjects 
were genotyped by single-strand conformational polymorphism analysis. We tested the 
association between age of onset and the p53 genotypes by comparing Kaplan-Meier survival 
curves, evaluating the homogeneity of the curves using the log-rank test and Wilcoxon's test, and 
estimating the association using the Cox proportional hazards regression model to adjust for 
potential demographic confounding factors. Results: The HNPCC patients who were 
heterozygous developed their colorectal cancer 13 years earlier than HNPCC patients who were 
homozygous for the wild-type allele. Conclusions: Combining knowledge of an individual's p53 
genotype with information on other genetic and environmental risk factors may improve risk 
estimates and help to identify individuals who are genetically susceptible to developing HNPCC at 
an earlier age. 

 

Hu, N., M. J. Flaig, et al. (2004). "Comprehensive Characterization of Annexin I Alterations in Esophageal 
Squamous Cell Carcinoma." Clin. Cancer Res. 10(18): 6013-6022. 
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 Purpose: The purpose is to characterize alterations of the annexin I gene, its mRNA, and protein 
expression in esophageal squamous cell carcinoma. Experimental Design: Fifty-six cases of 
esophageal squamous cell carcinoma were analyzed using four microsatellite markers flanking 
the annexin I gene (9q11-q21) to identify loss of heterozygosity. In addition, we performed (a) 
single-strand conformation polymorphism and DNA sequencing along the entire promoter 



sequence and coding region to identify mutations, (b) real-time quantitative reverse transcription-
PCR of RNA from frozen esophageal squamous cell carcinoma tissue (n = 37) and in situ 
hybridization (n = 5) on selected cases to assess mRNA expression, and (c) 
immunohistochemistry (n = 44) to evaluate protein expression. The prevalence of the allelic 
variants identified in the first 56 patients was refined in 80 additional esophageal squamous cell 
carcinoma patients and 232 healthy individuals. Results: Forty-six of 56 (82%) esophageal 
squamous cell carcinoma patients showed loss of an allele at one or more of the four 
microsatellite markers; however, only one (silent) mutation was seen. Two intragenic variants 
were identified with high frequency of allelic loss (A58G, 64%; L109L, 69%). Thirty of 37 (81%) 
esophageal squamous cell carcinoma patients showed reduced annexin I mRNA expression, 
which was confirmed by in situ hybridization, whereas annexin I protein expression was reduced 
in 79% of poorly differentiated tumor cell foci but in only 5% of well-differentiated tumor foci, 
although allelic loss on chromosome 9 was found in both tumor grades. Conclusions: Allelic loss 
of annexin I occurs frequently, whereas somatic mutations are rare, suggesting that annexin I is 
not inactivated in esophageal squamous cell carcinoma via a two-hit mechanism. A decrease in 
annexin I protein expression was confirmed, consistent with a quantitative decrease in mRNA 
expression, and appeared to be related to tumor cell differentiation. We conclude that annexin I is 
not the tumor suppressor gene corresponding to the high levels of loss of heterozygosity 
observed on chromosome 9 in esophageal squamous cell carcinoma; however, dysregulation of 
mRNA and protein levels is associated with this tumor type. 

 

Villani, M. G., V. Appierto, et al. (2004). "Identification of the Fenretinide Metabolite 4-Oxo-Fenretinide 
Present in Human Plasma and Formed in Human Ovarian Carcinoma Cells through Induction of 
Cytochrome P450 26A1." Clin. Cancer Res. 10(18): 6265-6275. 
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 Purpose: The synthetic retinoid fenretinide (4-HPR) exhibits preventive and therapeutic activity 
against ovarian tumors. An unidentified polar metabolite was previously found in 4-HPR-treated 
subjects and in A2780 human ovarian carcinoma cells continuously treated with 4-HPR 
(A2780/HPR). The metabolite and the enzyme involved in its formation in tumor cells are herein 
identified. Experimental Design: The metabolite was identified by mass spectrometry in 
A2780/HPR cell extracts and in plasma from 11 women participating in a phase III trial and 
treated with 200 mg/d 4-HPR for 5 years. The expression of proteins involved in retinoid 
metabolism and transport, cytochrome P450 26A1 (CYP26A1), cellular retinol-binding protein I 
(CRBP-I), and cellular retinoic acid-binding protein I and II (CRABP-I, CRABP-II) were evaluated 
in tumor cells by reverse transcription-PCR and Western blot analyses. Overexpression of 
CYP26A1 and retinoic acid receptors (RARs) in A2780 cells were obtained by cDNAs 
transfection. Results: The polar metabolite was 4-oxo-N-(4-hydroxyphenyl)retinamide (4-oxo-4-
HPR) i.e., an oxidized form of 4-HPR with modification in position 4 of the cyclohexene ring. 4-
oxo-4-HPR plasma levels were slightly lower (0.52 {+/-} 0.17 {micro}mol/L) than those of the 
parent drug (0.84 {+/-} 0.53 {micro}mol/L) and of the already identified metabolite N-(4-
methoxyphenyl)retinamide (1.13 {+/-} 0.85 {micro}mol/L). In A2780/HPR cells continuously 
treated with 4-HPR and producing 4-oxo-4-HPR, CYP26A1 and CRBP-I were markedly up-
regulated compared with A2780 untreated cells. In A2780 cells, not producing 4-oxo-4-HPR, 
overexpression of CYP26A1 caused formation of 4-oxo-4-HPR, which was associated with no 
change in 4-HPR sensitivity. Moreover, the addition of 4-oxo-4-HPR to A2780 cells inhibited cell 
proliferation. Elevated levels of CYP26A1 protein and metabolism of 4-HPR to 4-oxo-4-HPR were 
found in A2780 cells transfected with RAR{beta} and to a lesser extent in those transfected with 
RAR{gamma}. Conclusions: A new metabolite of 4-HPR, 4-oxo-4-HPR, present in human plasma 
and in tumor cells, has been identified. The formation of this biologically active metabolite in 
tumor cells was due to CYP26A1 induction and was influenced by RAR expression. Moreover 
evidence was provided that 4-HPR up-modulates the expression of CRBP-I transcript, which is 
lost during ovarian carcinogenesis. 
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