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Epidemiology and molecular biology development of Barret$
esophagus; esophageal proliferation, carcinoma in situ

Bruce D. Greenwald
Associate Professor of Medicine, GI Division University of Maryland School of Medicine

Barretts esophagus is a condition characterized by the replacement of normal squamous esophageal
epithelium by specialized intestinal metaplasia. It is believed to be caused by chronic reflux of gastric,
and possibly duodenal, contents into the esophagus, resulting in reflux esophagitis and healing with the
metaplastic epithelium. It is found predominantly in White men. It is found in approximately 1% of those
with chronic gastroesophageal reflux disease (GERD). Risk factors associated with Barrett’s esophagus
include increased severity and duration of acid reflux, obesity, and the use of medications which decrease
lower esophageal sphincter pressure.

The primary reason that Barretts esophagus is of interest is because of the risk of progression to e-
sophageal adenocarcinoma. The risk of progression is estimated to be 0. 5% per year. The development of
neoplasia develops through dysplasia. Standardized definitions have been developed for this progression,
with changes defined as indefinite for dysplasia, low — grade dysplasia (LGD) , and high - grade dyspla-
sia (HGD). Unfortunately, pathologist agreement for these findings is sometimes poor, and specialized
expertise is needed for interpretation.

Debate continues as to the cost — effectiveness of screening for dysplasia in patients with Barretts e-
sophagus. Some studies have demonstrated cost effectiveness. Critics, however, note that a significant
number of patients diagnosed with esophageal adenocarcinoma have no symptoms of GERD.

In general, esophagectomy is recommended for patients with high — grade dysplasia in Barrett’ e-
sophagus. Several factors' complicate this decision, including (1) lack of agreement between pathologists
on the diagnosis of HGD; (2) variability in sampling of the Barretts mucosa, with the potential for un-
suspected adenocarcinoma in the Barretts segment; (3) uncertainty in the rate of progression from HGD
to carcinoma. Alternatives to esophagectomy in those with significant medical illnesses include photody-
namic therapy, laser ablation (KTP or Nd: YAG), endoscopic mucosectomy, multipolar electrocoagula-
tion, argon plasma coaéhlation, and most recently, cryotherapy. ’

“Research is ongoing to determine predictors of development and progression of dysplasia and cancer in
Barretts esophagus. An understanding of cellular and genetic events underlying these events is developing.
Current approaches include the evaluation of alterations in single genes (activation of oncogenes, suppres-
sion of tumor suppressor genes) , alterations in the cellular DNA content (aneuploidy), and alterations in
expression of multiple genes ( genomics). Genes of particular interest include the tumor suppressor genes
p53 and pl6. Techniques for studying gene alterations include immunohistochemistry, loss of heterozygosity
(LOH), gene sequencing for mutations, and methylation — specific polymerase chain reaction (PCR). Few
clinical studies have demonstrated the usefulness of any of these alterations as useful biomarkers in Barrett
§ esophagus. Aneuploidy increases the risk of progression to carcinoma in’ patients with no dysplasia or
LGD, but not HGD. LOH of 17p, the chromosome containing p53, does predict increased risk of cancer in
patients with HGD. These studies are hampered by the limited number of patients with dysplasia in Barrett

§ esophagus and the low incidence of dysplasia or cancer in patients enrolled in surveillance programs.
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Immortalization and characterization of human esophageal

epithelial cells from surgically resected specimens.

Tsao SW
Dept. of Anatomy; Cancer Center; Faculty of Medicine,
University of Hong Kong, Hong Kong SAR China.

Esophageal carcinoma is a common disease in China. Establishment and characterization of immor-
talized and non — malignant esophageal epithelial cell lines from from local Chinese subjects will provide
valuable experimental tools for investigation of esophageal carcinogenesis in this geographical region. Im-
mortalization is an early and pre - requisite event involved in carcinogenesis. Molecular events involved in
immortalization may represent early steps involved in the transformation of normal cells into cancer cells.
Our laboratory has been involved in immortalization of human esophageal epithelial cells. We have been
using the explantation method to generate primary epithelial culture from non — malignant esophageal epi-
thelium resected from esophageal cancer patients. This simple culture method has reliably generate mono-
layer of esophageal epithelium with high purity. The esophageal epithelial cells could be propagated in
culture to generate homogeneous population for experimentation. They could also be stored in liquid nitro-
gen and revived for future use. Similar to other human epithelial cells, the esophageal epithelial cells will
eventually undergo senescence after limited number of passage. Introduction of genetic elements including
telomerase , E6/E7 viral genes of HPV16 and Id1 could extend their life span and faciliate their immortal-
ization. We have generated a panel of immortalized esophageal cell lines generated by single or combina-
tion of different genetic elements. The combination of human telomerase (hTert) and HPVI6E6/E7 was
higly efficient in immortalization of human esophageal epithelial cells (100% ). Immortalization of esoph-
agel epithelial cells by telomerase alone could also be achieved but at a lower success rate ( about 20% ).
Introduction of Id1 alone could extend the life span of esophageal epithelial cells but insufficient to im-
mortalize the esophageal epithelial cells on its own. Expression of Idl also accelerated progression of im-
mortalized esophageal cells into cell cycle. Esophageal epithelial cells immortalized by various genetic
combinations reveal distinct gene expression properties. Interestingly, in multiple cell line immortalized
by telomerase and E6E7 of HPV16,. we consistently observed upregulation of Aurora A, which is an im-
portant kinase involved in mitotic checkpoint. The overespression of Aurora A in the.immortalized esopha-
geal epithelial cells is related to the amplification of the gene locus of Aurora A at chromosome 20q. Au-
rora A overexpression is known to induce mitotic checkpoint defects resulting in genomic instability and
may account for some of the chromosomal aberration observed in our immortalized esophageal cell lines.
In addition, we observed that COX -2 expression was elevated at the early stage of immortalization of e-
sophageal epithelial cells. Inhibition of COX -2 by siRNA silencing induced apoptosis of the immortal-
ized esophageal epithelial cells suggesting that COX -2 expression plays a functional role in facilitating
the immortalization of esophageal epithelial cells. Both Aurora A and COX -2 are frequently overex-
pressed in esophageal cancer cells. The observation that they are observed in immortalized esophageal ep-

ithelial cells suggests that they are early events involved in esophageal carcinogenesis.



Functional identification of candidate tumor

suppressor genes in esophageal cancer

Maria Li Lung
Department of Biology, Hong Kong University of Science & Technology

Objectives: Although esophageal cancer (EC) is ranked amongst the top causes of cancer deaths
worldwide and has the highest incidence amongst the Chinese, its molecular genetic basis is still not
clearly elucidated. High allelic loss has been detected on many regions of multiple chromosomes in EC
tumors. Because of the difficulty of deciphering these complex and extensive molecular alterations, a
functional approach is required to identify and better define key critical regions associated with tumor sup-
pression. Using a microcell — mediated chromosome transfer ( MMCT) approach in which an intact or
truncated human chromosome is transferred specifically into a recipient cancer cell line, we have investi-
gated the ability of several chromosomes to functionally complement EC tumor formation in a nude mouse
model. The objectives of these studies are to identify critical regions associated with tumorigenicity and to
discover the key candidate tumor suppressor genes (TSGs) involved in EC tumorigenesis.

Methods: We have utilized the SLMT1 EC cell line, which was established from a Hong Kong EC
patient ( Tang et al, 2001), for these studies. This cell line is 100% tumorigenic in nude mice. It was
subcloned and tested for its uniformity in tumorigenic potential. A selected subclone was utilized as the
recipient EC cell line for MMCT studies. The microcell hybrid (MCH) cell lines established were ana-
lyzed by microsatellite typing and fluorescence in situ hybridization (FISH) techniques to verify the suc-
cessful transfer of the chromosome of interest. These hybrid cell lines were subsequently injected into
nude mice and their tumorigenic potential was monitored weekly. Tumor segregants that arose in the mice
after a long latency period were excised and tumor segregant cell lines were established for further molecu-
lar and cytogenetic analyses. Comparative analysis of the MCH cell lines and their tumor segregant deriv-
atives was used to narrow down the critical regions associated with tumor suppression. Candidate TSGs
were identified using genome resource databases and by expression profiling of panels of tumorigenic re-
cipient and tumor segregant cell lines as compared to tumor — suppressive MCH cell lines. We utilized a
19k oligonucleotide array provided by our collaborator (E Liu) at the Genome Institute of Singapore. Re-
sults and Conclusions: Transfer of a 9p21. 3 microdeleted human chromosome 9 into the recipient SLMTI
cell line resulted in tumor suppression, indicating that TSGs other than p16, which maps to the microde-
leted region, are involved in EC tumor formation. The critical region associated with tumor suppression
was mapped to a 2.4 Mb region at 9¢33 — q34 ( Yang et al, 2005). A high range of allelic loss was de-
tected in this critical region in primary EC tumor tissues.

The DEC1 gene, which maps to this critical region, was analyzed in more detail. It was previously i-
solated and cloned by Nakamuras group ( Nishiwaki et al, 2000). DECI expression is reduced or absent
in EC cell lines. DECI transfection into two EC cell lines did not significantly reduce colony formation in
vitro. However, injection of stable DECI transfectants into nude mice showed a statistically significant re-
duction in tumorigenic potential compared to the vector — alone controls, indicating DEC1 is a potential
candidate TSG involved in EC. Expression profiling of the stable DECI transfectants versus the vector -
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alone transfectants identified several candidate genes, which were differentially expressed. Results of
these studies will be presented.

Another gene of interest mapping to the 9q34 critical region for EC is ENG, which encodes a glyco-
protein that is predominantly expressed on vascular endothelial and hematopoietic cells ( Fernandez — Ruiz
et al, 1993) and may be involved in adhesion and invasion. RT - PCR and qRT - PCR analysis of this
gene in a panel of EC cell lines shows its frequent down - regulation. Transfection studies indicate its in
vitro growth suppressive effects. Thus, it is an interesting candidate EC gene, which is now under study
in my laboratory.

Chromosome 14 transfer into the recipient SLMT1 cell line induced significant tumor suppression in
nude mice. Microsatellite typing and BAC FISH of MCH and tumor segregant cell lines indicated there
were at least two critical regions associated with tumorigenicity of 680 Mb mapping to 14q32. 13 and 2.2
Mb at 14q32.33 (Ko et al, 2005). Several candidate genes mapping to these critical regions and others
identified after microarray analysis of tumorigenic versus non - tumorigenic cell lines were identified.
Their differential expression levels in EC cell lines and tumor tissues were verified by RT — PCR. Results

of these studies will be presented.



Pretreatment surgical staging, trimodality
therapy and molecular markers as predictors
for survival in esophageal cancer

Mark Krasna' Bruce Greenwald' Xiaolong Jiao’ Yousheng Mao’
1. University of Maryland Medical System
2. Hubei Cancer Hospital Wuhan
3. Chicams — Chinese Cancer Institute

OBJECTIVE ;: This report describes the role of pretreatment surgical staging, trimodality therapy and
p53 protein expression in esophageal cancer and the correlation with response and survival after chemora-
diation.

METHODS ; Pretreatment thoracoscopic/laparoscopic LN staging (Ts/Ls LN) was performed before
treatment. Post resection. and post chemoradiation esophagectomy specimens were analyzed for pS3 ex-
pression. The slides were stained by automatic P53 immunohistochemical staining technique.

RESULTS:

P53 protein was expressed in 84.0 % (21/25) of EGD biopsies. 71.4% (10/14) of the patients
with LN metastasis by H/E staining in Ts/Ls LN biopsy were p53 ( +). 14.2% (3/21) of the patients
with H/E ( - ) Ts/Ls LN were p53 ( +).

18 patients post chemoradiation were both H/E ( + ) and p53 ( + ) in the EGD specimen. After che-
moradiation, 11 of these remained H/E ( + ) and P53 (.+), (38.8% )of these patients had a pathological
complete response( pCR). The median survival of this group is 15 months and 3yr survival is 10.0%. Of 4
patients with pretreatment H/E ( +) and p53 ( - ) EGD, 1 patients was still HE ( + ) ; all of these pts
were still p53 ( - ) after chemoradiation. 3(75% ) of these patients had a pCR. The median survival is 30
months and 3yr survival is 100%.

In 13 patients with p53 ( +) in Ts/Ls LN, only 23.1% (3/13) had pCR after chemoradiation. The
median survival in this group is 16 months with 3yr survival of 14.3%. 18 patients were pS3 ( —) in Ts/
Ls LN, (50.0% ) of these patients had pCR after chemoradiation. The median cause specific survival of
those pts is 31.5 months and 3yr survival is 50% .

CONCLUSIONS: p53 had a high rate of expression in EGD biopsy. Chemoradiation does not seem to
change the p53 expression in the residual tumor. P53 expression in pretreament EGD and LN biopsy may
be a useful predictor for effect of chemoradiation and survival. p53 in HE - Ts/Ls LN biopsies should be
further investigated as an indicator of occult metastases.

INTRODUCTION

Esophageal cancer is the fastest growing malignancy in the United States with 10,000 to 11,000 deaths
per year. The results of single modality treatment using surgery, chemotherapy or radiotherapy alone have
been poor because of a high rate of local recurrence and distant metastasis. This is probably due to the
prevalence of advanced esophageal cancer at the time of diagnosis. Even though a small number of esopha-
geal cancer patients survive longer than 5 years after initial surgical treatment, over 60% of patients die of
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