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ABSTRACT OF THE DISSERTATION

Protective effects of dietary and pharmaceutical agents against
gastroesophageal reflux induced esophageal cancer
By JING HAO
Dissertation Director

Professor Chung S. Yang

There are two primary goals of this study. One is to establish a mouse esophageal
adenocarcinoma (EAC) model and the other is to develop chemopreventive strategies to
prevent EAC. We performed esophagogastroduodenal anastomosis (EGDA) on wild-type,
p53"3%Y transgenic, and INK4a/Arf"" mice of A/J strain. Wild-type mice with EGDA
were also treated with iron (50 mg/kg/m, i.p.) or gastrectomy plus iron to enhance
carcinogenesis. At week 20 and week 40, we observed metaplasia in wild-type mice
(1/20 at week 20; 6/37 at week 40), p53**®" mice (1/19 at week 20; 2/42 at week 40) and
wild-type mice that also receiving gastrectomy and iron (1/15 at week 40). Esophageal
squamous cell carcinoma (ESCC) developed in INK4a/Arf*"™ mice (1/14) and wild-type
mice receiving gastrectomy and iron (3/14) at week 40. Twelve (92.3%) wild-type EGDA
mice which were given iron from week 40 to 80 developed ESCC at week 80. None of

these mice developed Barrett’s esophagus (BE) or EAC.
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We investigated the possible chemopreventive effects of a-tocopherol (389 ppm
and 778 ppm), N-acetylcysteine (NAC, 500 ppm and 1,000 ppm), their combination (389
ppm a-tocopherol and 500 ppm NAC), omeprazole (1,400 ppm), Licofelone (1,000 ppm),
the combination of omeprazole (250 ppm) and celecoxib (500 ppm) and the combination
of zileuton (1,000 ppm) and celecoxib (500 ppm) in our EGDA rat model. All the
esophagi of rats were harvested for histopathological examination. a-Tocopherol dose-
dependently decreased the incidence of EAC. The combination of a-tocopherol 389 ppm
and NAC 500 ppm significantly reduced the incidence of EAC. Both omeprazole and
Licofelone did not show inhibitory effect at the dose given. The combination of zileuton
and celecoxib significantly reduced the tumor incidence, while omeprazole in
combination with celecoxib did not show any effect on tumor incidence.

We concluded that under gastroesophageal reflux A/J mice are prone to develop
ESCC but not EAC. a-Tocopherol can inhibit the development of EAC in our EGDA
model with rats and stronger effects can be achieved when used in combination with
NAC. Licofelone, omeprazole and omeprazole in combination with celecoxib did not

show any chemopreventive effect on our EGDA rat model.
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I. INTRODUCTION

A. Cancer

In the United States, cancer is the second leading cause of death in all
populations (1). Accumulative human and animal studies show that cancer presents as an
autonomous growth of tissue with genetic alterations (2). Many risk factors work alone or
in combination to induce cancer in a certain period of time, these risk factors include
tobacco and alcohol consumption, diet and nutrition, chronic infection, chronic
inflammation, radiation, occupational carcinogen exposure, and environmental pollution
(2).

It has been documented that there are four critical steps in carcinogenesis:
initiation, promotion, malignant conversion and progression (1). Initiation often involves
cellular DNA damage such as carcinogen induced DNA adduct formation or epigenetic
changes such as DNA hypermethylation (3). Cell division is essential for the genetic
changes occurring during the initiation stage to be passed to the daughter cells. The
initiated cell clones are expanded in the promotion stage, and are susceptible to further
genetic changes and malignant transformation. Malignant conversion is the step during
which pre-neoplastic cells gain more genetic changes, acquire various malignant
phenotypes during proliferation and finally form a neoplastic cell clone (4). If tumor
promotion is stopped before the malignant conversion appears, it may result in pre-
malignant lesions or benign tumors. Tumor progression is the final stage of
carcinogenesis. At this stage, malignant cells will gain more aggressive characteristics

over time and may become invasive (5). Once malignant cells spread beyond the primary



tumor location, metastasis has occurred. Metastasis is the ultimate cause of most cancer
death (1).

During carcinogenesis, normal tissues gain new features to be transformed into
cancer. The most recognized new features are self-sufficiency in growth signals,
insensitivity to growth signals, evading apoptosis, limitless replicative potential,
sustained angiogenesis, invasion and metastasis, and genome instability (6).

There are two general approaches about cancer management. One is to treat
cancer after it has been diagnosed by appropriate surgery, chemotherapy, radiation
therapy and other managements aimed to eradicate any detectable neoplasm. Due to the
metastatic nature of many cancer types, this approach has not dramatically reduced the
mortality of cancer patients except in the earliest stages of cancer formation. Another is
to screen chronic diseases and risk factors associated with cancer and treat the pre-
malignant diseases, to avoid risk factors and to prevent cancer from developing. The

latter approach is more effective and beneficial to the general population (1).

B. Esophageal Carcinogenesis: Natural History, Clinical Presentation, Treatment,

Etiology and Epidemiology

B.1 Natural history, Clinical Presentation and Treatment of Esophageal Cancer
There are a number of different types of primary cancer involving the esophagus.

They can be categorized into two major types according to the site of origin and whether

it is epithelial or non-epithelial. Epithelial cancers include squamous cell carcinoma,

adenocarcinoma, adenoid cystic carcinoma, mucoepidermoid carcinoma, adenosquamous



carcinoma, and undifferentiated carcinoma (small-cell carcinoma); non-epithelial cancers
include leiomyosarcoma, carcinosarcoma and malignant melanoma (7). Among all these
cancers, esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma
(EAC) account for more than 95% of all primary esophageal malignancies (2).

Patients with esophageal cancer usually present with complaints of dysphagia,
painful swallowing, pressure or pain in chest, and weight loss. Patients with advanced
disease will also present with hoarseness, hiccups, pneumonia, and high levels of calcium
in the blood (1). Symptoms of heartburn or gastroesophageal reflux disease (GERD) are
usually more common with EAC patients. Barrett esophagus (BE), featuring the intestinal
metaplasia of esophageal epithelium, is considered a pre-neoplastic lesion of EAC. The
location of cancer differs between the two major histological types of esophageal cancer:
EAC often occurs at the lower esophagus while ESCC at the cervical, upper or middle
part of the esophagus. Because esophageal cancer is usually detected at an advanced
stage, the five year survival rate is less than 15% (2).

Due to the popularity of endoscopic surveillance for GERD or BE and high
through-put screening in high ESCC incidence areas, it is possible to detect a malignant
lesion in an early stage. Therefore the managements of esophageal cancer, which relies
mainly on extended resection and lymphadenectomy, now also include photodynamic
therapy, laser ablation, mucosal destruction by argon beam or electrocautery, and

endoscopic mucosal resection (8).

B.3 Epidemiology of Esophageal Cancer



Esophageal cancer is the sixth most frequent cancer world-wide, with more than
40,000 cases per year (2). The incidence of esophageal cancer varies dramatically in
distinct geographical areas. Areas with high ESCC incidence include northern Iran,
central Asian republics to north-central China, which was characterized as the esophageal
cancer belt, parts of South America and southern and eastern Africa. The incidences are
as high as 200 per 100,000 in these locations (2), whereas in the USA the total
esophageal cancer incidence is 7 per 100,000 (1). The vast majority of esophageal cancer
in the high incidence areas is ESCC. With high risk population screening, the incidence
of ESCC has been stable or declining but that of EAC has been increasing during the last
two decades in western countries (9). Johns Hopkins tumor registry data from 1959 to
1994 showed that new cases of EAC increased sharply after 1978. Patients with EAC
exceeded that of patients with ESCC for the first time in 1994 (10). The increased EAC
incidence features high male to female ratios at about 7:1 and higher incidence in the
white population than that of black (11,12). The most affected sub-populations in order
are white males, white females and Afro-American males in EAC (2,9). EAC generally
affects people over 50 years old and peaks at ages 55 to 65 (13). Accordingly, the
increasing trend is more prominent among older males: EAC rate doubled among people
65 years old or younger and increased three to four fold among people older than 65
years (14). As strikingly noteworthy as the increased incidence and disease patterns can

be, the underlying reasons are still elusive.

B.3 Etiology



Even though the reasons for the increased EAC incidence are not clear, there are
several risk factors related to population-based high EAC incidence. They will be

discussed below.

B.3.1 Gastroesophageal Reflux Disease (GERD)

Gastroesophageal reflux is a common event in the human population. Everyone
has the experience of reflux at some point in their lives (7,15,16). It becomes a disease
only when people have persistent symptoms and complications. The term GERD is used
to describe individuals who are exposed to the risk of physical complications from
gastro-esophageal reflux, or who experience clinically significant impairment of health-
related well-being (quality of life) due to reflux-related symptoms, after adequate
reassurance of the benign nature of their symptoms (17).

The most popular complaints of patients are heartburn and regurgitation (7).
Endoscopic examination may find esophagitis and esophageal mucosa breaks, including
erosion and ulceration (15).

GERD is a common disease. Some population-based studies showed that about
20% of the general population experiences the symptoms of GERD (18-21).
Pathophysiologically, GERD occurs when gastric contents reflux repeatedly into the
esophageal lumen for a few months to a life time. It is believed that transient lower
esophageal sphincter relaxations (TLESR) are the major mechanisms underlying GERD
(22-25). Other possible mechanisms include hiatal hernia (26), gastric emptying
abnormalities (27), and visceral hypersensitivity (28). Risk factors that contribute to

GERD are genetic susceptibility (29-31) and obesity (32,33). The influence of alcohol



intake and smoking is unclear (30). A recent report analyzed the relationship of GERD
with esophageal atresia, the most commonly seen congenital abnormality of esophagus
(34). Patients who had a history of surgery for the treatment of esophageal atresia are
more likely to develop GERD, GERD-related esophagitis and BE.

The treatments of GERD include anti-reflux surgery, acid suppressant therapies,
and agents targeting TLESR reduction (17,35).

Population-based studies provide convincing data that GERD is a risk factor for
EAC (36). The odds ratio of EAC among patients with recurrent GERD symptoms versus
those who have none is 7.7 (37). Recent human studies and animal experiments indicate
that GERD is also a risk factor in ESCC development. Studies which evaluated ESCC
and laryngeal squamous cell carcinoma incidence in gastrectomy and partial gastrectomy
patients found increased ESCC and laryngeal squamous cell carcinoma, indicating
surgery-induced GERD is associated with squamous cell carcinoma (38-41). Sammon et
al. believed that a maize-based diet which is in short of riboflavin and high in linoleic
acid leads to GERD and may be the reason for local high ESCC incidence in Africa (42).
They did not observe any food contamination. Animal studies also support this nutrient-

deficiency hypothesis (43,44).

B.3.2 Barrett’s Esophagus (BE)

Chronic GERD will induce an adaptive response in the squamous epithelium of
the esophagus and transform the squamous epithelium into columnar epithelium by the
appearance of glandular structures and goblet cells (45,46). These special pathological

changes are defined as Barrett’s esophagus (BE) (47). The incidence of BE in patients



with GERD is about 15% (47,48). The appearance of specialized columnar epithelium in
the esophagus is the trademark of this disease. This type of pathological change is
acknowledged as a pre-malignant lesion of the esophagus. The risk of BE patients
developing EAC has been estimated to be 0.5% per year. Therefore, these patients are at
30-125 times higher risk of developing EAC than the general population (46,49,50).

The incidence of BE has increased dramatically since the 1970s and this is most
likely due to improved diagnostic techniques with widely applied flexible endoscopy (51).
The mean age with a confirmed diagnosis is about 63 years old and the prevalence of BE
reaches its peak at 70 years of age (52). Population-based studies suggest that BE is a
disease that occurs predominantly in Caucasians. In a recent cross-sectional study,
African-Americans, Caucasian-Americans and other races in the US were found to have a
similarly high prevalence of reflux symptoms. However, African-Americans had a lower
prevalence of erosive disease than Caucasian-Americans (53). Other independent cross-
sectional studies among patients referred for endoscopy have also reported that erosive
esophagitis, esophageal strictures and BE are uncommon in African-Americans compared
with Caucasians (54-56). Despite having similar proportions of subjects suffering GERD
symptoms, it is obvious that Caucasian-Americans tend to have more GERD
complications than African-Americans. BE appeared in 8.9% (194/2174) of white
patients with GERD symptoms, but only 2.4% (6/249) of black patients (55). Another
population-based study showed that BE has a surprisingly high prevalence in Hispanics
living in the USA (57). Similarly it was reported that there is a 2% incidence of BE in all

patients who underwent endoscopic examination in Taiwan (58). The investigators



believe that accelerated modernization and adoption of Western customs may be one of
the reasons of the changed disease patterns.

Because BE is the known pre-malignant disease of EAC, it is important to
identify high risk patients for further management and surveillance. BE is more frequent
in GERD patients who get the disease at an earlier age, present nocturnal reflux
symptoms more severely and with more complications such as esophagitis, stricture and
ulceration (59). A study in a community-based practice compared patients with GERD
symptoms for less than one year with patients with GERD symptoms for 1-3 years, the
odds ratio of BE was 1:3 and increased to 1:6.4 if patients had the symptoms for more
than 10 years (60). Interestingly, prolonged GERD symptoms, nocturnal reflux and more
complications are shown to increase EAC incidence as well (37).

Other risk factors involved in BE are obesity (61-63), life style factors (alcohol
consumption, smoking and diet) (64,65), and genetic factors (66,67). H. pylori infection
is believed to be a protective factor for BE (68,69).

BE is not considered a risk factor of ESCC. Rosengard et al. reported 3 cases (2%)
of ESCC in BE patients from 1980 to 1986 (70). All ESCC lesions were located in the
squamous epithelium above the segment of Barrett’s mucosa, and the patients had
substantial use of tobacco and alcohol (70,71). Natural history of the patients suggests
that BE and ESCC are more likely two different events. Another report described
adenosquamous carcinoma (coexistent adenocarcinoma and squamous cell carcinoma)

arising in BE in a 72 years old male (72), which is a rare situation.

B.3.3 Esophageal Cancer and Dietary Factors



Dietary factors have been evaluated in several studies of both cancer types (73-
77). In a recent prospective cohort study, it was reported that total fruit and vegetable
intake was significantly associated with decreased risk of ESCC but not EAC. When the
authors examined fruit and vegetable consumption separately, the association with ESCC
remained the same with fruits but not vegetables, although both contributed to the risk
reduction. When they examined ESCC and EAC risk in subgroups, significant
associations were observed between ESCC risk and the intake of two fruit groups,
Rosacea (apples, peaches, nectarines, plums, pears and strawberries) and Rutaceae (citrus
fruits). They also found a significant protective association between EAC risk and the
intake of Chenopodiaceae (spinach) (78). Their findings are consistent with previous
reports (76,79,80). One case-control study showed red meat, salted meat and boiled meat
consumption is associated with increased incidence of ESCC (81). It also showed a
positive but non-statistically significant association with EAC (82). This observation may
be due to the relatively small number of EAC cases in the study. Healthy diets (diets rich
in fruits, vegetables, poultry, fish) showed protective effects in both cancer types (77,83).

The protective effects of fruits and vegetables are generally credited to
antioxidant vitamins and trace mineral elements. There are several population-based
studies evaluating the risk of esophageal cancer and vitamin intake. Vitamin E, vitamin
C, and beta-carotene are the most intensely studied vitamins. Antioxidant vitamins
showed possible protective effects on both EAC and ESCC (84-89). One study suggested
that the protective effects of antioxidant vitamins may be stronger among subjects under
more oxidative stress due to smoking or GERD (88). To date, there are no interventional

studies showing the chemopreventive effect of these antioxidant vitamins on EAC and
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ESCC (90,91). Two other reports showed that patients with head and neck cancer
undergoing radiation therapy had a surprisingly higher second cancer incidence or
mortality rate when given 400 IU a-tocopherol supplement (92,93). These findings may
be due to the pro-oxidant effects of high a-tocopherol doses which increased the
vulnerability of the patients to the damage of radiation therapy.

The discrepancy between the observational studies and interventional studies may
be because: 1) the doses of the agents used in intervention studies were too low; 2) the
interventional trials did not include proper target populations; 3) the combination of

different antioxidants should be considered in future clinical trials.

B.3.4 Esophageal Cancer and Tobacco, Alcohol Consumption and Socioeconomic
Level

Smoking is generally accepted as a risk factor for both ESCC and EAC.
Population-based studies conducted in the United States, Europe, Taiwan and mainland
China all agreed that increased duration or intensity of smoking significantly enhances
the incidence of ESCC with a relative risk 5 to 10 times higher than non-smokers (73,94-
96). Smoking is not as strong a risk factor for EAC as it is for ESCC, but it still increases
EAC risk by over 3 fold (97). The different influence of s