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ABSTRACT
)Based on the analysis of worldwide epidemiological studies, it has been estimated that >90% of GI cancers are diet-related. African Americans (AA) have an extremely high risk of colon cancer (~65:100,000) while rural Africans (RA) rarely get the disease (<5:100,000). On the other hand, RA have an extremely high risk of squamous cell carcinomas of the esophagus (125:100,000 in men) while AA have a low risk. Our group performed 2-week food exchanges in subjects from the same populations, where AA were fed a high fiber, low fat African-style diet, and RA a high fat low fiber western-style diet under close supervision. Upper and lower endoscopies were performed to obtain mucosal biopsies for the measurement of mucosal biomarkers of cancer risk (Ki67 staining of proliferative epithelial cells) from the esophagus, stomach, and colon in matched groups (n=20, age 50-65, BMI 18.5-35 kg/m2) from each population. The short term westernization of the RA diet led to reciprocal changes in the upper and lower GI tract. In RA, the Ki67 staining of the stomach decreased and the Ki67 staining of the colon increased, suggesting that acute dietary change has dramatic effects on the colonic epithelium. In AA, the diet switch lead to insignificant changes in stomach Ki67 staining and a decrease in Ki67 staining of the colon. On the other hand, the esophageal Ki67 staining was low and did not change as a result of the diet change switch in both groups. 
PUBLIC HEALTH SIGNIFICANCE: The changes observed in the stomach and colon in such a short interval show that the gastric and colonic mucosa is remarkably sensitive to dietary composition. The numeric reductions in gastric epithelial cell proliferation in RA may be a consequence of increased intakes of antioxidant vitamins; whereas the increase in colonic epithelial proliferation in RA is likely explained by the decrease in fiber intake resulting in reduced fermentation and butyrogeneiss as previously described. Overall, our results support the recommendations that dietary habit changes can be an important tool for primary prevention of GI cancers.
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1.0  [bookmark: _Toc450820457][bookmark: _Toc106513527][bookmark: _Toc106717785]INTRODUCTION
Among 17 leading risk factors contributing to the morbidity and mortality in the US, diet has been reported to be the most influential (Murray et al., 2013). The following 14 components of diet have been found to effect health and disease: low intake of fruits, vegetables, whole grains, nuts and seeds, milk, fiber, calcium, seafood omega-3 fatty acids, polyunsaturated fatty acids; and high intake of red meat, processed meats, sugar-sweetened beverages, trans-fatty acids and sodium (Lim et al., 2012). Lifestyle modification, and particularly nutritional interventions, in patients with diabetes mellitus and hypertension has been shown to control the disease progression in a large percentage of patients and also delay the onset of disease in high risk patients at high risk for these diseases. Cancer prevention and/or treatment using dietary/lifestyle interventions have not had much progress because of the lack of evidence based information to support it (Abrams, 2014).
The ‘Western diet’, which is characterized by high intake of meat, fat, refined grains and dessert has been found to be a risk factor for colorectal cancer and other cancers in many epidemiological studies (Abrams, 2014). On the other hand a ‘Rural African diet’ rich in fruits, vegetables and poor in animal protein is similar to the diet of our ancestors and is a recognized as a healthy balanced diet (O’Keefe et al., 2015). We decided to study the effects of these diets on two groups of healthy volunteers. One of the main aims of the aims of the study was to assess how quickly a change in dietary habit can affect mucosal inflammation and gut microbiota. We assessed the diet of two groups of African Americans (AA) and Rural Africans (RA) at the baseline and then two weeks post a dietary switch. My specific role in this project was to assess and analyze the IHC results in both groups before and after the dietary switch. 

2.0  [bookmark: _Toc450820458]Background
The prevalence of cancer is increasing worldwide due, in part, to increased life expectancy (Wie et al., 2014). Diet is one of the important risk factors of gastro intestinal (GI) cancers. Identifying dietary components may influence GI cancer risk is challenging because diet is a mega mixture of different micro- and macronutrients. In addition, macronutrients strongly overlap with one another, making stratification analysis technically impossible. Thus, researchers have focussed on the evaluation of dietary patterns (e.g., healthy, western, and high salt) rather than individual dietary components (Chen et al., 2002;Dawsey et al., 2014a). Other challenges that impeded the progress of this field are the lack of knowledge about the crucial roles of the GI microbiota and parasites such as Helicobacter pylori (HP) in mucosal inflammation and/or proliferation. In addition, dietary studies are complex and difficult to design due to a number of factors including, multiple confounding variables, recall bias, and the unavailability of healthy volunteers who are willing to change their dietary patterns for an extended period such as 6-7 years (Kubo et al., 2010;Dawsey et al., 2014a). The difficulty associated with recruitment has led many researchers to rely on hospitalized self-motivated participants, but such participants are a potential source of selection bias (Song et al., 2014). Furthermore in many developing countries, each community or culture have different eating and food preparation habits; this necessitates more local research in developing countries where funds are limited. Finally, the classic design of dietary studies usually involves using a three day food record system which might not correctly reflect the usual intake (Song et al., 2014). Overall, these difficulties and problems have greatly impeded the research on possible dietary influences on cancer risk.
One of the main aims of dietary intervention studies is to facilitate the design of cancer preventive strategies that can aid in decreasing the rate of GI cancers overall (Dawsey et al., 2014b). Based on the current literature, two approaches are possible, the first is dietary habit change and the second is the addition of nutritional supplements especially antioxidants (Dawsey et al., 2014b;Wie et al., 2014). Food-based prevention relies on the fact that the complex mixtures of bioactive phytochemicals might act additively or synergistically to inhibit cancer signaling networks (Dawsey et al., 2014a). Much evidence has accumulated concerning the Westernized diet as an important cause of GI tumors such as colorectal and esophageal cancer (Keszei et al., 2013;Song et al., 2014). The World Cancer Research Fund/ American Institute for Cancer Research (WCRF/AICR) recommends that the consumption of red meat and sodium be limited to < 300 g/week (43 g/d) and < 4 g/d, respectively, and intakes of vegetables and fruits to be more than 600 g/d (Wie et al., 2014). The amount of red meat in the typically western diet is estimated to be ≈110 g/d, which is significantly higher than the recommended amount (Song et al., 2014). Factors related to meat consumption that modify the GI risk include the amount consumed, addition of preservatives, and the cooking approach (Wie et al., 2014). In developing countries, the westernization of the diet in these countries is anticipated to increase the prevalence of chronic disease and be a huge public health burden. Most of these countries are already overburdened with other health problems such as parasitic infestations and AIDS. Recent research has shown that meat intake has risen in developing countries, and that red meat is the largest source of meat consumed (Song et al., 2014;Wie et al., 2014). Several studies have investigated the possible protective effect of vitamin supplementation especially on upper GI cancers. The results were indeed disappointing and no relation between vitamin or mineral supplementation and upper GI cancer risk was found (Dawsey et al., 2014b). Clearly, further research is crucial to understand the contribution of diet to health and disease. 
2.1 [bookmark: _Toc450820459]DIET AND ESOPHAGEAL CANCER RISK
Esophageal cancer (EC) is the sixth most common cause of cancer death worldwide, with inter-geographic variability within different regions of the world. Incidence of EC is high in Southern Africa, NE belt of South America and some regions in China (Strickland, 2001;Sewram et al., 2003;Sewram et al., 2014). EC is classified based on the histological phenotype into Esophageal Squamous Cell Carcinoma (ESCC) and Esophageal Adenocarcinoma (EAC) (Ferlay et al., 2013). Although ESCC has a higher world-wide incidence, EAC has higher incidence rates in developed countries such as the USA (O'Sullivan et al., 2014). Risk factors for EC include smoking, alcohol consumption, diet patterns, obesity, reflux disease (RD), Barrett’s Esophagus (BE) and decreased levels of dental/mouth hygiene (Ahrens et al., 2014;Dawsey et al., 2014a;O'Sullivan et al., 2014). The poor prognosis for EC is mainly due to the vagueness of symptoms, delayed presentation and the lack of a possible screening tool.
Fiber consumption has been shown to confer protection against EAC (Kubo et al., 2010). In contrast, high red meat consumption conferred an increased risk of EAC (Huang et al., 2013). For BE (a risk factor for EAC), dietary vitamin C, vitamin E, β-carotene, folate, and an antioxidant score had variable effects on susceptiblity (Dawsey et al., 2014a). Overall, a healthy dietary pattern rich in fruits and vegetables and low in animal protein has been shown by multiple studies to confer protection against EAC (Chen et al., 2002;Dawsey et al., 2014a).  Dietary risk factors for ESCC include the consumption of processed or boiled meat and hot beverages (De Stefani et al., 2014). Continuous consumption of boiled meat that leads to chronic esophagitis has been proposed as a mechanism of ESCC formation (De Stefani et al., 2014). On the other hand, the carcinogenic effect of processed meat appears to be related to the presence of nitrosamines, nitrites, and nitrates (Jakszyn and Gonzalez, 2006). Black tea, fresh fruits and vegetables have been shown to confer variable protective effect against ESCC (De Stefani et al., 2014). The cancer prevention mechanism of fruits and vegetables is probably due to the antioxidant and flavanol content (Heck and de Mejia, 2007). Results from a large prospective cohort study that investigated the effect of nutritional constituents on ESCC reported folate deficiency as a critical risk factor associated with increased ESCC risk (Xiao et al., 2014). On the other hand, EC patients whose presentation is late with un-resectable esophagus are at a great risk of malnutrition. The nutritional support of such patients is crucial to improve the quality of life of these patients (Dawsey et al., 2014a). Overall, the evidence supporting the role of diet as an important risk factor in EC has been shown across multiple studies and different geographical regions.
2.2 [bookmark: _Toc450820460]DIET AND Gastric CANCER RISK
Gastric cancer (GC) is the fifth most common malignancy and the third leading cause of death due to cancer worldwide (Ferlay et al., 2013). Risk factors for GC include smoking, HP infection, alcohol consumption, diet and increased weight (Buckland et al., 2014).  Diet rich in fruit, vegetables and fiber has been shown to correlate with decreased risk of GC. Garlic, onions, leeks, and chives have been reported to protect against GC (Bianchini and Vainio, 2001). Recent research suggest that decreased GC due to vegetable consumption might be due to the antibacterial inhibitory effect of the allium vegetable on HP (Turati et al., 2015). Furthermore, substances such, such as diallyl sulfide, diallyl disulfide, and diallyl trisulfide found in garlic might also have anti-neoplastic effects (Turati et al., 2015). Red meat, salted, smoked, pickled, and preserved foods rich in salt, nitrites, and preformed N-nitroso compounds have been shown to be associated with an increased GC risk (Kim et al., 2014;Lin et al., 2014;Song et al., 2014). The nitrogenous residues in meat causes an increased proliferation in the GI mucosa and is associated with the formation of DNA adducts (Lewin et al., 2006). In addition, grilling or cooking meat at high temperature releases carcinogenic substances such as heterocyclic amines and polycyclic aromatic hydrocarbons (Song et al., 2014). Abstinence or low Alcohol consumption has been correlated with lower risk of non-cardia GC (Buckland et al., 2014), probably due to decreased levels of acetaldehyde, a metabolite of alcohol break down that leads to DNA damage (Buckland et al., 2014;Kim et al., 2014). Furthermore, the gene-diet interaction may explain the diverse geographical variations in GC cancer within different populations. Genetic variations in genes related to DNA repair, carcinogen metabolism, and inflammatory response have been shown to play different roles in this interaction (Kim et al., 2014). Overall, GC has been clearly shown to have a gene-diet interaction, with certain dietary patterns related to food preparation posing the highest risk.
2.3 [bookmark: _Toc450820461]DIET AND colo-rectal CANCER RISK
In the west, colorectal cancer is the second leading cause of cancer death. It afflicts ≈ 150,000 Americans and 1 million people worldwide annually, and approximately one third of them will die (O’Keefe et al., 2015). Risk factors of colorectal cancer include intestinal inflammation, the gut microbiota and diet (Irrazabal et al., 2014). Diet has emerged as an important risk factor that can mediate the other two risk factors. Migrant studies, such as those done in Japanese Hawaiians, have revealed that it only takes one generation for the immigrant population to assume the colorectal cancer incidence of the host western population (O’Keefe et al., 2015). Studies have also demonstrated that high meat consumption and low fiber consumption are important components of the dietary factor in colorectal cancer as well as other upper GI cancers as discussed previously (Wie et al., 2014). Heterocyclic amines and nitrosamines generated during the cooking of red meat are procarcinogens for different types of GI cancer especially colorectal; the carcinogenic effect of heterocyclic amines has been results from increased DNA damage (Wie et al., 2014). On the other hand, digestion of the complex carbohydrates such as fiber results in Short Chain Fatty Acids (SCFA), in particular butyrate. Butyrate is a principle source of energy for colonic epithelial cells and has anti-proliferative effects through the modulation of various genes controlling cellular proliferation (Donohoe et al., 2012;O’Keefe et al., 2015). Furthermore, the influence of the dietary habits including components and style of cooking have been shown to affect the gut microbiota; leading to the production of anti- or pro-neoplastic metabolites (Wie et al., 2014). 
Evidence supporting the role of diet in colorectal cancer has led to an intense interest by researchers to identify possible mechanisms. Diet and other risk factors contribute to colorectal cancer susceptibility by changing the GI microenvironment; these changes result in genetic and epigenetic changes that eventually influence the development of cancer. The mechanisms involved in the development of colorectal cancer were some of the earliest to be understood. Some forms of colorectal cancer are caused by multiple stepwise mutational hits. Mutations in the APC gene, a tumor suppressor gene, is one of the first genes mutated in this process and is present in a larger majority of colorectal tumors (Medema and Vermeulen, 2011). The APC mutation is then followed by mutations in TP53, K-RAS and then finally by WNT/β-CATENIN pathway mutations (Lakatos and Lakatos, 2008). Unhealthy dietary patterns shifts the normal GI microbiota which is composed largely of obligate anaerobic bacteria towards facultative anaerobic bacteria; these bacteria lead to bowel inflammation (Winter et al., 2013). The host-microbiome interaction also plays a role; individuals with defective local intestinal immunity have higher odds of bacterial invasion and the induction of cytokines that lead to an exaggerated inflammatory environment (Jobin, 2012). Inflammation caused by diet-microbiome interaction has been shown to lead to cancer though multiple mechanisms that include enhanced DNA damage and down regulation of DNA repair enzymes (Irrazabal et al., 2014). Interestingly, metabolites such as hydrogen sulfide, of normal commensals have also been linked to colorectal cancer (Irrazabal et al., 2014). However, unlike the harmful bacterial metabolites that lead to DNA damage directly, hydrogen sulfide leads to increased proliferation and differentiation of the colonic epithelium (Deplancke et al., 2003). Overall, manipulating the GI microbiome through dietary intervention is a promising approach that might help prevent colorectal cancer especially in high-risk individuals. In addition dietary intervention might be useful in preventing recurrence/relapse in high risk individuals’ post-therapeutic interventions. The high probability of dietary interventions improving patients’ overall survival (OS) and disease free survival (DFS) necessitates understanding the effect of dietary interventions first in healthy volunteers. This goal was the main aim of our current study.  
3.0  [bookmark: _Toc450820462]methods
3.1 [bookmark: _Toc450820463]Study Design
The study was submitted to the University of Pittsburgh and University of KwaZulu-Natal Institutional Review Boards for approval. A unique design in which, where 20 healthy middle-aged African Americans and 20 rural Africans from the same communities were studied first for 2 weeks in their own home environment, eating their usual food, and then again in-house whilst they were fed the intervention diet for 2 weeks (Figure 1). Consequently, each subject served as his/her own control. Intervention diets were designed to be both palatable and containing reverse quantities of fiber and fat compared to the usual diet. In other words, AA would be given ‘African style’ foods that would increase their average fiber intake from 14g/d to 55g/d and reducing their fat from 35% to 16% of total calories. In contrast, RA were given a ‘western style’ diet that reduced their fiber from 66g/d to 12g/d and increasing their fat intake from 16% to 52%. Because of the problems of compliance to acute dietary change and the accuracy of dietary recall to estimate actual intakes within the community, all the dietary intervention studies were conducted in-house, where meals were prepared and served under close supervision. The African Americans participants were housed in the University of Pittsburgh Clinical Translational Research Center (CTRC) and the rural Africans were housed in a rural lodging facility, close to their homes, with full kitchen facilities. Body weights were maintained within 2 kg by adjusting food quantities while keeping overall macronutrient composition the same. 
3.2 [bookmark: _Toc450820464]SUBJECTS AND SAMPLE COLLECTION
3.2.1 [bookmark: _Toc450820465]SUBJECTS AND RECRUITMENT
Age and sex matched healthy volunteers, ranging in age from 50-65 years, were randomly selected from the African American population in the Pittsburgh region of Pennsylvania and from the rural native South Africans from the rural Kwazulu region (Figure 1). Collaboration with Dr. Stephen Thomas, Director of Minority Studies at the University Of Pittsburgh School Of Public Health was established to recruit healthy African American volunteers from the Pittsburgh region; the study was also advertised in public areas. In South Africa, volunteers were recruited through advertisements placed in public community centers, e.g. post offices, town halls, civic centers, and through the iZulu Community Health Center. Appropriate compensation for time and testing was paid to volunteers for participation.
3.2.2 [bookmark: _Toc450820466]SCREENING
Signed informed consent was obtained from each participant. All African volunteers could understand English, but a nurse-translator participated in the consent process to ensure proper understanding of the details of the research procedures. Screening was performed in Pittsburgh at the CTRC and in Africa at Ngwelezana Hospital out-patient clinic, Empangeni, KwaZulu-Natal, South Africa. A detailed medical history was taken. A local bilingual nurse acted as interpreter for the rural Africans. A 20 ml blood sample was taken for full blood count, Erythrocyte sedimentation rate (ESR), electrolytes and urea, albumin, alkaline phosphatase, aspartate transaminase (AST) and bilirubin. If the potential participants’ results were normal and they satisfied the eligibility criteria, they were invited to participate in the study.
3.2.3 [bookmark: _Toc450820467]ENVIRONMENT AND LIVING CONDITIONS
The environment and living conditions of the RA and AA populations are quite different. The rural South Africans live in small family communities of several traditional ‘pole and dagga’ (wooden poles plastered with clay) thatched circular huts (‘rondavels’), now being gradually replaced with more robust brick and tin roof structures. Each community has about 5 acres of land, leased from the local chief, which supports small seasonal (during the ‘rainy season’ November to March) vegetable gardens that grow limited supplies of corn, pumpkins, watermelons, spinach and papayas, and a variety of animals, chickens, goats, and maybe a few cattle. Cattle are considered a sign of wealth and are used for milk and only slaughtered on ceremonial occasions. Consequently, milk products are consumed, but are rarely fresh; the milk is left outside the huts to ferment, and then consumed with relish as ‘maas’. Eggs are also eaten when available, but meat in any form is scarce and generally added as flavoring rather than forming the signature component. Foods are generally boiled, not fried, and are cooked in cast iron pots on open wood fires in a separate hut. Electricity is becoming more available, but is still very rudimentary and unreliable. The diet consists chiefly of ‘putu’, a stiff porridge made from refined commercial corn flour called ‘mielie meal’, with salt and vegetables added for flavoring. It is eaten communally, and forms the bulk of the 2-3 meals consumed each day. Water is usually obtained from community wells, but also from the rivers. Roads consist of rough tracks through the bush and most people have to walk between settlements and to the closest main road to catch public transportation (private minicab taxis) to the towns. Thus, there are many environmental differences that could explain the differences in disease patterns. 
3.2.4 [bookmark: _Toc450820468]INCLUSION CRITERIA
1. Ages 50-65 years, inclusive
2. BMI between 20-35 Kg/m2. Because obesity is an independent risk factor for colon cancer in the USA population and as there are known differences in the microbiota of the obese, we limited our inclusion criteria to the weight range of BMI = 20-35.
3.2.5 [bookmark: _Toc450820469]EXCLUSION CRITERIA
1. Previous GI surgery resulting in disturbed gut function due to loss of bowel or altered anatomy
2. Any form of chronic GI disease resulting in disturbed gut function, diarrhea, and malabsorption
3. Any form of acute GI disease disturbing GI function and needing current medication, e.g. gastroenteritis, peptic ulcer disease
4. Abnormal blood tests: CBC, ESR, urea and electrolytes, LFTs 
5. The detection of previously unrecognized ulceration (with depth and >0.5cm), stricture, severe inflammation, and polyps >1cm diameter during screening endoscopy
6. History of any GI malignancy
7. Present GI malignancy, previously known or detected at screening endoscopy
8. Presence of any other form of cancer or malignancy
9. Oral or IV antibiotic therapy within the last 6 weeks
10. Unable or unwilling to modify dietary intake
11. Insulin or steroid therapy that may result in altered gut function or immunity
12. Chronic non-steroidal anti-inflammatory medication or use of short-term NSAIDS within 4 weeks of study.
13. Known HIV disease 
14. Moderate and severe obesity with BMI>35 kg/ m2
3.2.6 [bookmark: _Toc450820470]MUCOSAL SAMPLING AND COLONOSCOPY
A colonoscopy was performed to identify latent disease, polyps, or cancer at baseline (i.e., while consuming their usual diet), and then again after the conclusion of the dietary switch in the two study groups. Biopsies for biomarkers of cancer risk were taken at the same time points (Figure 1).
3.3 [bookmark: _Toc450820471]DIETARY ANALYSIS
Dietary analysis was conducted by the collection of individual data by a 3-day recall method and analyzed by the following software: Nutrition Data System for Research Software (database version 4.02–30) and MRC FoodFinder 3 software.
3.4 [bookmark: _Toc450820472]HEMATOXYlIN AND EOSIN STAINING (H&E)
Colonic mucosal biopsies were obtained by colonoscopy before and after dietary switch from the esophagus, stomach and 3 different sites (ascending, transverse and descending) of the colon and stored in 10% buffered formalin. Later, the biopsy samples were embedded in paraffin and 5-mm sections were cut and stained with hematoxylin and eosin (H&E) and/or immunohistochemical stains (see later). The histologic findings on the H&E stained sections were evaluated by a blinded experienced gastroenterological histopathologist. Any pathologic finding, such as presence of parasitic organisms, was recorded.
3.5 [bookmark: _Toc450820473]IMMUNOHISTOCHEMISTRY
3.5.1 [bookmark: _Toc450820474]IMMUNOHISTOCHEMICAL STAINING
Slides for CD3 and Ki67 staining were deparaffinized at 60° for 2 hours. To inhibit endogenous peroxidase, the slides were pre-treated using 3% hydrogen peroxide/methanol for 10 min at room temperature (RT), followed by antigen retrieval with 0.2% pepsin solution (# P7012, Sigma, 3050 Spruce St., St. Louis, MO, USA) for 10 min at 37°. Serum Free Protein Block (# X0909, Dako, 6392 Via Real, Carpinteria, CA 93013, USA) was used for 10 min RT. The slides were drained and incubated with Primary antibodies CD3 and Ki-67 (# A0452, 1:100, rabbit polyclonal, Dako; # MIB-1, 1:100, mouse monoclonal, Dako) respectively for 1 hr RT. Secondary detection was applied using Immpress universal antibody Polymer detection kit (# MP-7500, Vector Labs, 30 Ingold Road, Burlingame, CA 94010, USA) for 30 min RT. The slides were stained with DAB substrate kit (# SK-4100, Vector Labs) for 10 min and counter stained using Shandon Hematoxylin (# 6765015, Thermo Scientific, 81 Wyman St, Waltham, MA 02451, USA). 
3.5.2 [bookmark: _Toc450820475]QUANTIFICATION OF IMMUNOHISTOCHEMICAL STAINING
Immunohistochemical staining was quantified by counting the proportions of positive staining cells using light microscopy at x400 magnification was performed, under blinded conditions. 
Ki67: The proportion of Ki67 positive staining cells were counted in well-oriented crypts (average/slide 8, range 4-14). Ki67 proliferation rate was defined as number of Ki67+ cells divided by the total number of crypt cells and expressed as percentage. The differences were found to be the same in the total crypt and in the upper crypt, so only the total crypt proportions were reported.
CD3: Only CD3+ staining intraepithelial lymphocytes (IEL) were counted in a representative area of at least 300 epithelial cells. The density of IELs was expressed as an index of number of CD3-positive lymphocytes per 100 epithelial cells.
3.6 [bookmark: _Toc450820476]STATISTICAL METHODS
Statistical analysis of the group differences in continuous variables was conducted using SPSS 16.0 (SPSS Inc). The significance of group differences for normally distributed data was assessed with unpaired and paired Student’s t-tests. The nonparametric data were analyzed with a Mann- Whitney U test or Kruskal-Wallis one-way analysis of variance by ranks for unpaired data, and Wilcoxon signed-rank test tests for paired data. A level of p < 0.05 was accepted as statistically significant. Data are presented as means ±SEMs.
4.0  [bookmark: _Toc450820477]RESULTS
The diet of RA and AA was drastically different as analyzed by dietary composition analysis at the baselines (Table 1). Interestingly the caloric intake in both groups was similar. However, there were major differences in the composition in many macro and micronutrients. The AA consumed more ‘total protein’ and most of their protein intake was animal protein when compared to RA. In addition, AA consumed twice the amount of fat that RA consumed and four times the amount of cholesterol that RA consumed (Table 1). The dietary analysis also showed that AA consumed higher mineral and vitamins when compared to RA (except Vitamin K) (Table 1). 
The dietary switch was tolerated by both groups and their body weights were all maintained with 2 Kg. The two week dietary switch led to changes in the upper and lower GI mucosa of the participants (discussed later), indicating that acute dietary change has dramatic effects on the GI epithelium. The mucosal changes in both groups were also associated with significant changes in the gut microbiota (O’Keefe et al., 2015). 

[image: C:\MAIN\FINAL THESIS SUBMISSION\ESSAY\Untitled1.JPG]
[bookmark: _Toc450820491]Figure 1. Overview of the study design and timeline.
Arrows indicate the repeat sampling times.
Included are photographic illustrations of key differences in food preparation and cooking methods between rural South Africans in KwaZulu-Natal, and westernized American populations in Pittsburgh, USA.











[bookmark: _Toc450820488]Table 1. Dietary analysis of Rural African and African American diets
	 
	Rural Africans
	African American

	Energy (Kcal)
	2353
	2393

	Total protein (g)
	68.5
	86

	Plant protein (g)
	46.2
	26

	Animal protein (g)
	22.3
	60

	Total fat (g)
	42.4
	96

	Carbohydrate, avail. (g)
	388.1
	287

	Total dietary fibre (g) 
	27.4*
	15

	Insoluble dietary fibre (g)
	3.2
	9

	Soluble dietary fibre (g)
	2.8*
	6

	Ca (mg)
	279
	734

	Fe (mg)
	10.7
	15.5

	Vitamin A (RE) (mcg)
	966
	4617

	Total carotenoids (mcg)
	5667
	4617

	Thiamin (mg)
	1.41
	1.9

	Riboflavin (mg)
	0.69
	2.2

	Niacin (mg)
	12.9
	27

	Vitamin B6 (mg)
	1.186
	2

	Folate (mcg)
	348
	486

	Vitamin B12 (mcg)
	1.3
	4.4

	Vitamin K (mcg)
	276.42
	177

	Saturated fatty acids (FA) (g)
	8.75
	33

	Mono-unsaturated FA (g)
	13.61
	32

	Polyunsaturated FA (g)
	16.28
	22

	Cholesterol (mg)
	82
	323


*-Excludes resistant starch

4.1 [bookmark: _Toc450820478]SHORT DIET switch DOESNOT EFFECT ESOPHAGEAL MUCOSA
[bookmark: _GoBack]The assessment of esophageal biopsies showed no histological abnormalities in the majority of patients in the two groups (Figure 2), however a significant fraction (≈20%) of the research subjects in both groups had reflux esophagitis.  Furthermore, 5% of RA, but none of the AA, had esophageal candidiasis (Figure 2). The esophageal Ki67 staining was low and did not change as a result of the dietary change (Table 2). Overall, these results suggest that diet might not be a short term modifier of cancer risk in both groups.


[bookmark: _Toc450820492]Figure 2. Diagnosis of esophageal biopsies in RA and AA at the baseline (pre-intervention)
A. Diagnosis of esophageal biopsies in RA.
B. Diagnosis of esophageal biopsies in AA.


[bookmark: _Toc450820489]Table 2. KI67 in esophageal muosa pre and post dietary intervention in RA and AA
	
	Esophagus

	
	Pre Intervention
	Post Intervention

	RA
	11+/-1.5%
	11+/-1.6%

	AA
	16.82 +/-2.06
	16.03+/- 1.98


4.2 [bookmark: _Toc450820479]SHORT DIET switch LEADS TO CHANGES IN GASTRIC MUCOSA
All of the RA gastric biopsies had Helicobacter pylori gastritis (100%) whereas 55% of the AA participants had Helicobacter pylori gastritis (Figure 3). Interestingly, the percent Ki67 in RA decreased after the consumption of the western diet; but the difference was not statistically significant (Table 3). There were no statistically significant changes due to the dietary intervention in the AA group.



[bookmark: _Toc450820493]Figure 3. Diagnosis of Gastric biopsies in RA and AA at the baseline (pre-intervention)
A. Diagnosis of gastric biopsies in RA.
B. Diagnosis of gastric biopsies in AA.



[bookmark: _Toc450820490]Table 3. KI67 in gastric glands pre and post dietary intervention in RA and AA
	
	Gastric glands (% KI 67)

	
	Pre Intervention
	Post Intervention

	RA
	51.11+/-4.4
	41.36+/-4.5

	AA
	12.01+/- 1.8
	20.52 +/-4.58




4.3 [bookmark: _Toc450820480]short diet switch LEADS TO CHANGES IN COLON MUCOSA
Changes in inflammation were assessed using, CD3+ intraepithelial lymphocytes and changes in mucosal proliferation were assessed by Ki 67. In AA, a high fiber, low fat diet was associated with a significant reduction in colonic mucosal inflammation and proliferation biomarkers of cancer risk within 2 weeks (Figure 4). On the other hand, the diet switch in RA to a high fat, low fiber diet resulted in opposite changes in these parameters (Figure 4). Interestingly, the dietary switch decreased proliferative rates in AA to levels lower than those of RA at baseline, whilst rates increased in RA to levels greater than AA at baseline (Figure 4). 





[bookmark: _Toc450820494]Figure 4. Colonic Mucosal Immunohistochemistry of Proliferative and Inflammatory Biomarkers
A-B. The bar graphs showing KI67 changes and CD3 changes respectively; the group mean ±SE results in 20 African Americans and 12 rural Africans. The two-tailed Mann-Whitney U-test was used for comparisons for non-paired samples and the Wilcoxon Rank Sum test for paired samples, with Bonferroni correction for multivariate comparisons. # indicate significant (p<0.05) baseline differences, * indicate significant changes induced by diet switch

5.0  [bookmark: _Toc450820481]DISCUSSION
5.1 [bookmark: _Toc450820482]Dietary change leads to variablle changes in gastrointestinal mucosa
Our study had multiple strengths. Firstly; it addressed cancer risk in African Americans, an ethnic group where there is not sufficient information available. Secondly, it was done in the home environment thereby controlling many of the external environmental factors that might have influenced our assessment. Finally, multiple approaches were used to confirm the findings such as Immunohitochemistry, metabolomics and microbiota analysis (O’Keefe et al., 2015).
	RA and AA had a fundamentally different diet in terms of preparation, cooking, and composition (Table 1). The animal protein and fat intake was ≈ 2-3 fold higher in AA, and the chief carbohydrate and fiber form was resistant starch. Colonoscopies performed by our research team showed that AA had more polyps and higher rates of mucosal proliferation, as assessed by Ki67 epithelial cell staining, confirming its potential use as a biomarker of cancer risk (Ponz de Leon et al., 1988). The changes observed in the colonic mucosa of RA and AA were shown to be associated with profound differences in the microbiota (AA dominated by genus Bacteroides, RA by the genus Prevotella) and metabolic phenotype findings (O’Keefe et al., 2015).  Two potential mechanisms for the mucosal diet-associated changes observed in the two groups can be hypothesized. The first mechanism involves the protective effect of dietary fiber in increasing butyrogenesis, and the promotional effect of dietary fat on stimulating bile acid synthesis by the liver. Short term diet changes have been shown to have a major impact on the colon by our group and others due to the colonic microbiota changes (Wu et al., 2011;David et al., 2014;O’Keefe et al., 2015). The RA and AA had very distinct colonic microbiota composition at baseline and after the dietary switch (O’Keefe et al., 2015). In AA, following the dietary switch to a high fiber, low fat diet; a significant reduction in colonic mucosal inflammation and proliferation biomarkers of cancer risk were observed after 2 weeks. This result is primarily due to an increase in saccharolytic fermentation and butyrogenesis and suppression of secondary bile acid synthesis (O’Keefe et al., 2015). In contrast, the diet switch in RA to a high fat low fiber diet resulted in opposite changes in all these parameters.
The changes in mucosa and the colonic microbiota results presented by our group suggest that diet might be a crucial factor in the precancerous GI changes (O’Keefe et al., 2015). The increased epithelial proliferation in GI tract predicts neoplastic change because the increase is associated with the risk of developing of DNA mutations due to the higher rate of exposure of sensitive proliferating cells to luminal carcinogens. This proliferative change in GI is referred to as “proliferation index”, is an important biomarker of premalignant conditions and is usually observed due to expansion of the proliferative zone, causing a shift of the proliferating cells from the base to the surface of the crypt. Continuous chronic inflammation has been shown to be associated with an increased cancer risk (Coussens and Werb, 2002). Patients with inflammatory bowel disease such as ulcerative colitis have a 5-fold increase in colon cancer; that can be drastically reduced by ≈ 50% by anti-inflammatory drugs such as Aspirin (Baron, 2009). Our results showed that CD3+ intraepithelial lymphocytes, a biomarker of mucosal inflammation, responded in a similar pattern to Ki67 proliferative biomarker. CD3+ intraepithelial lymphocytes provide a measure of T cell activation, these cells regulate the immune response when challenged with luminal antigens, such as bacteria (Kunisawa et al., 2007;Montufar-Solis et al., 2007). Assessing inflammation in RA is complex because of the prevalence of different intestinal and extraintestinal parasites. Our group identified intestinal parasites in the RA group; schistosoma in two subjects and a tapeworm segment in another (O’Keefe et al., 2015). Our group found unexpected colonic mucosal findings in RA consuming their usual baseline diets. They had high mucosal inflammation detected endoscopically, histologically, and by immunohistochemistry despite having low colon cancer rates. Intestinal protozoa have been hypothesized to stimulate immunosurveillance against colon cancer as well as other non-colonic cancer. The exact mechanism is not clear, but might include the ability to arrest butyrogenesis.
5.2 [bookmark: _Toc450820483]High FIBER IN DIET CAN LEAD TO DECREASED RISK OF COLORECTAL CANCER
Our group focused mainly on the potential of high fiber to modify metabolic pathways that can directly impact mucosal biomarkers of cancer risk, however many other aspects of the isocaloric diet were changed as well. Therefore, the associated change in animal protein or digestible carbohydrate might also be possible causes for the observed mucosal changes. Our results however, add evidence supporting the hypothesis that a high increase in fiber consumption and plant protein, together with a moderation in fat intake might lead to a decrease in colorectal cancer risk. Reduced butyrogenesis, the result of decreased fiber, might be allowing the chronic state of inflammation to progress through proliferation to neoplasia (Coussens and Werb, 2002). Our group’s results also confirm that the total quantities of fiber supplementation might be a critical factor in cancer prevention. Fiber supplementation at ≈35 g/d has generally failed to reduce polyp recurrence in clinical trials and only a total fiber intake that exceed 50 g/d as suggested by our current work and others seem sufficient enough to prevent colon cancer (Burkitt, 1973;O’Keefe et al., 2015).

6.0  [bookmark: _Toc450820484]CONCLUSION
RA have high rates of esophageal cancer (125:100,000) but low rates of gastric cancer (~7: 100,000) and colorectal cancer (<5:100,000).  AA, an ethnic group that shares a common genetic pool with RA, have low rates of esophageal cancer (9:100,000), intermediate rates of gastric cancers (16:100,000), and significantly higher rates of colorectal cancer (~65:100,000). The changes observed in the stomach and colon in the short time interval in the current study show that the gastric and colonic mucosa is remarkably sensitive to dietary composition. The numeric reductions in gastric proliferation need to be confirmed by larger studies, but may be a consequence of increased intake of antioxidant vitamins. The increase in colonic epithelial proliferation is likely explained by reduced fiber intake resulting in reduced microbial fermentation and butyrogenesis, as previously described. Overall, our results support the recommendations that dietary changes may be an important tool for primary prevention of GI cancers. Furthermore, our results raise serious concerns that the progressive westernization of diet in African communities may lead to changes in the cancer risk of this group. The high prevalence of infectious diseases as well as the increase in cancer risk will lead to a serious ‘double burden’ on the health systems in these countries.    
6.1 [bookmark: _Toc450820485]LIMITATIONS AND DIRECTIONS FOR FUTURE RESEARCH
We have shown in individuals from high risk and from low cancer risk populations that changes in the food content of fiber and fat had remarkable effects on their colonic microbiota and metabolome within 2 weeks, and, critically, that these changes were associated with significant changes in mucosal inflammation and proliferation. Whilst we cannot claim that these changes in mucosa will result in changes in the development of cancer, there is good experimental evidence that increased epithelial proliferation predicts neoplastic change. To better understand the role of diet in various GI cancers, additional longitudinal studies should be done utilizing individuals consuming both healthy and unhealthy dietary habits. In addition, better stratification of the study groups based on other cancer risk factors should be done to prevent potential confounders. Investigation of the effect of diet on GI mucosa and GI cancer risk should also be done in other ethnic groups; such studies could also focus on the effect of migration on dietary habits. Our results and others provide strong evidence that groups at high risk for GI cancers should consume more fiber in the diet, as well as consume a healthy diet to decrease the risk of colorectal cancer overall.
6.2 [bookmark: _Toc450820486]PUBLIC HEALTH SIGNIFICANCE
Our study has provided evidence that colorectal cancer prevention through increased fiber consumption and healthy diet is possible. High risk groups for colorectal cancer who consume more fiber and a healthy diet may be more likely have less GI mucosal inflammation. RA have high resident HP infection, and high mucosal inflammation, but have less gastric cancer.  Thus, understanding the role of HP in the stomach microbiome interaction will definitely provide evidence whether the treatment of RA with HP is indeed useful. Our results also raise serious concerns that the progressive westernization of African communities may reduce butyrogenesis, thus enabling their high basal state of chronic inflammation to progress through proliferation to neoplasia, and culminating in the emergence of colorectal cancer as a major health issue.
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