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ABSTRACT 

Aging is progressive deterioration of biological functions causing increased 

susceptibility to disease. This increased risk of disease is associated with a 

concomitant decrease in immune "responsiveness." Antioxidants are a group of 

compounds that prevent oxidative damage and disease. Researchers have focused on 

anti-oxidizing factors in disease prevention; however, nutrients which prevent 

oxidative damage may also have immunomodulating properties. Beta-carotene (BC), 

an antioxidant, has been shown to prevent cancer; while selenium, a key component 

of glutathione peroxidase, has shown promise in disease and cancer prevention. The 

objective was to determine if supplemental BC and selenium could enhance the 

immune response in elderly individuals. We investigated the functional 

responsiveness of lymphocytes that had been incubated with various concentrations of 

l3-carotene and/or selenium. l3-carotene enhanced natural killer (NK) cytotoxicity 

while selenium caused an immuno-suppressive effect. Interleukin-6 (IL-6) (a major 

factor in the acute phase immune response and B-cell differentiation) and IL-8 (a 

chemotactic factor) production was evaluated after short-term incubation with 13-

carotene or selenium. Selenium (0 .16 I-tg/ml) enhanced IL-6 production by 46 percent 

(P< 0.05) while the other concentrations of selenium or l3-carotene did not 

significantly enhance IL-6 or IL-8 production. To further investigate selenium's and 

l3-carotene's immunological effects, healthy elderly people (at least 60 years of age), 

were supplemented with high levels of BC and selenium. Participants were randomly 
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assigned to receive a daily placebo, 45 mg B-carotene, 400 p.g selenium, or 45 mg B-

carotene plus 400 p.g selenium for six months. NK cell activity and lymphocyte 

subpopulations were compared to pretreatment levels. Selenium and 6-carotene 

supplementation for three months caused a statistically significant increase of 59 % and 

32 % for NK cell activity respectively. At six months, NK cell activity returned to 

pretreatment levels. Selenium supplementation caused an increase in total T cells and 

CD4 + T cells. Selenium plus /3-carotene supplementation increased the population of 

NK cells whereas B-carotene had little effect on phenotypic expression of 

lymphocytes. In conclusion, supplemental selenium and B-carotene enhanced immune 

function in healthy aged participants and their immunolomodulatory effects may 

partially explain their disease preventive properties. 
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PROBLEM STATEMENT 

Aging is progressive deterioration of biological functions causing increased 

susceptibility to disease. One possible mechanism is a suppression or a decrease in 

the effectiveness of the immune system with age. Compounds known as antioxidants 

prevent oxidative damage yet may provide beneficial effects in disease prevention, by 

enhancing the immune response. Thus, the objective of this work was to detennine if 

immune responses could be enhanced with high dietary levels of 13-carotene (BC) or 

selenium separately or together. Immunological changes were evaluated in an in vitro 

system to mimic plasma concentration of BC and selenium. Also, aged individuals 

were supplemented daily with a placebo, 45 mg BC, 400 J.tg selenium, or 45 BC plus 

400 J.tg selenium and immunological effects were detennined in a longitudinal design. 



Preface: 

CHAPTER I 

8-CAROTENE AND SELENIUM IN CANCER PREVENTION: 

Il\fMUNOLOGICAL MECHANISMS 

This literature review is composed of two articles: 

1. Steven M. Wood and Ronald R. Watson. Antioxidants and cancer 

in the aged, CRC Press, Inc. Boca Raton, 1994. 

2. Steven M. Wood and Ronald R. Watson. I3-carotene and Cancer 

Prevention: Immunological Mechanism. (1993) Submitted for 

publication in Life Sciences. 

17 
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INTRODUCTION 

One of the strongest risk factors for the development of cancer is age. 

Therefore, one group which may receive the most benefit from cancer prevention 

regimens is the elderly. Dietary factors, deleterious or beneficial, have been 

estimated to affect 30-40 % of cancers in men and 60 % of cancers in women 

(Committee on Diet, 1982). Carcinogenesis consists of various phases including 

initiation, promotion, invasion, progression and dissemination. There are many types 

of cancers, some take many years to be clinically evident while others may be noted 

to progress through all phases very quickly. Therefore, cancer prevention potential 

due to antioxidant activity may be most effective at certain phases in the 

carcinogenesis process. 

Antioxidants is a term to denote compounds which directly inhibit oxidation of 

polyunsaturated fatty acids. Once oxidation products are formed, if not inactivated by 

antioxidant, they can cause damage to cell membrane, cellular components or DNA. 

Vitamins which are included in the antioxidant group include Vitamin C, E, and 6-

carotene. They are included in this category as a result of their chemical structure 

while selenium, a mineral, is necessary for an enzyme glutathione peroxidase. 

Glutathione peroxidase contains selenium at its active site and prevents the formation 

of damaging hydroperoxides by means of reduction to corresponding alcohols. The 

possible mechanisms for these antioxidants' effects include (a) di.rect interaction with 

compounds which may alter or damage genetic make-up (b) inactivation of 



carcinogenic compounds (c) change of activity of enzymes involved in oxidative 

metabolism or (d) immunomodulation. 

19 

Whether overt or marginal, the elderly population are at risk of antioxidant 

deficiency as a result of decreased intake, inefficient absorption, diminished retention 

or storage capacity, and increased elimination. While there is a growing body of 

literature addressing nutritional status, requirement, and needs of the elderly much is 

lacking in our understanding of antioxidants and their effects in the elderly. The 

balance of this chapter will discuss specific antioxidants, 6-carotene and selenium 

even though other nutrients such as vitamins C, E, glutathione, zinc, copper, iron and 

manganese are also involved in antioxidant functions. 

8-CAROTENE 

Nutritional modification to prevent cancer has surged during the last decade. 

Reports have indicated a low cancer incidence in individuals whose diets are rich in 

carotenoids and retinoids (vitamin A) (Lippman, 1987). The 6-carotene molecule can 

be split to form vitamin A thus making it difficult to identify the compound which is 

protective against cancer. However, Peto et al. (Peto, 1981) examined the 

epidemiological evidence of reduced cancer rates as a result of vitamin A or 6-

carotene consumption and concluded that 6-carotene has protective effects separate 

from its vitamin A activity. With this observation and the fact that vitamin A can be 

toxic, many researchers have focused on the anticancerous properties of 6-carotene. 

This review will provide background infonnation as to the sources, metabolism 



and chemistry of fi-carotene. Animal and epidemiological research is presented to 

note how they have been used to direct human clinical studies. Human research in 

the area of l3-carotene and cancer prevention are included. In addition, 

immunological studies are reviewed to provide insights as to possible anticancerous 

mechanisms of l3-carotene. Lastly, safety of S-carotene supplementation as well as 

methodological problems and unanswered questions are presented. 

20 

B-carotene is part of a group of compounds, carotenoids, which are the most 

abundant pigments in nature (Kamaukhov, 1990). Carotene was first isolated in 1831 

(Wakenroder, 1931) from carrots and a century later was found to be a precursor to 

vitamin A (Karer, 1948). If an adequate amount of vitamin A is present in the body 

then much of the l3-carotene is absorbed intact. The l3-carotene molecule has 

properties particularly helpful in preventing cancer (Thompson, 1985). The stmcture 

of B-carotene includes a long conjugated polyene chain with acyclic end groups (see 

Appendix A) that can neutralize hannful singlet oxygen. Singlet oxygen (an 

energized fonn of oxygen) is produced as a result of exposure to light and/or 

oxidation. This highly reactive molecule can damage cellular components such as cell 

membranes and chromosomal material as well as produce free radicals (a molecule 

with one or more unpaired electrons). These compounds react very quickly causing 

damage to membranes, enzymes, nucleic acids, and inactivating essential proteins. 

Specific damage to the cell's RNA or DNA may result in cellular transfonnation and 

uncontrolled cancerous cell growth. Therefore compounds preventing this damage are 
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categorized "antioxidants." Other vitamins that fall into this category are vitamin C 

and E. Even though l3-carotene is converted to retinol (vitamin A), it does not 

possess the ability to quench singlet oxygen nor to be an antioxidant. The antioxidant 

characteristic of l3-carotene is extremely useful in the plant kingdom for protection 

against photo-oxidation. Therefore, it may also protect against ultra-violet light 

induced carcinogenesis in humans. l3-carotene is also a unique type of antioxidant in 

that it is most effective at low oxygen pressures, similar to those found in capillary 

beds and tissues. 

I3-Carotene is found primarily in dark-green leafy vegetables, carrots and 

yellow or red colored fruits and vegetables. Historically, the l3-carotene molecule is 

thought to be cleaved (l3-carotene 15,15' -dioxygenase--EC 1.13 .11. 21) primarily in 

the small intestine which produces two molecules of retinol (vitamin A). The actual 

conversion is not very efficient and current research suggests a random cleavage 

(Ganguly, 1985) that produces much less retinol than previously thought (Brubacher, 

1985). One International Unit (IU) of vitamin A activity is defined as 0.3 p,g retinol 

(0.344 p,g retinyl acetate) and as 0.6 p,g l3-carotene. In humans, it is assumed, that 

only one third of the l3-carotene ingested is absorbed whereas retinol (vitamin A) is 

assumed to be completely absorbed under normal conditions. Therefore, the overall 

utilization of l3-carotene as vitamin A is one-sixth of retinol. This may be a reason 

why l3-carotene is considered to be harmless and does not produce the toxic symptoms 

associated with a high intake level of vitamin A. High l3-carotene intake does not 
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seem to cause high levels of vitamin A in the blood (Watson, 1991). /3-carotene is 

transported in the blood primarily in association with the low-density lipoprotein 

fraction. While the liver and adipose tissue are key storage sites for /3-carotene, the 

kidney, breast, lung, and adrenals also contain /3-carotene (Schmitz, 1991). Women 

seem to have higher plasma /3-carotene levels than men (Russell-Briefe, 1985), while 

smokers and alcohol drinkers have lower /3-carotene levels (Nierenberg, 1989). 

Animal Research and Cancer 

Animal research has provided many clues upon which human epidemiological 

and clinical research have been based. In the late 1970s mice received intraperitoneal 

injections of /3-carotene bead lets and were exposed to ultraviolet (UV) radiation. As a 

result of the /3-carotene treatment the investigators observed a significantly lower 

tumor growth rate (Epstein, 1977). This first investigation sparked similar work in 

which oral administration of /3-carotene or canthaxanthin (4,4' diketo analogue of /3-

carotene that is structurally similar to /3-carotene but is not converted to vitamin A, 

see Appendix A) delayed the appearance of UV-B modulated mouse skin tumors 

(Mathews-Roth, 1982). Such work continued using mice treated with a cancer 

causing agent, dimethylbenz-[a] pyrene (DMBA), and UV-B administrations for 

cancer promotion. /3-carotene treatment decreased tumor incidence and was effective 

in treatment before and after the UV-B exposure (Mathews-Roth, 1987). Through 

canthaxanthin the researchers were able to differentiate carotene's effects from 

vitamin A's effects and led future researchers to investigate the effects of 6-carotene 



with respect to tumor development and progression. Other animal studies have 

supplemented the diets of rodents with fi-carotene followed by UV-A radiation and 

benzo (ex) pyrene (Santamaria, 1981), 8-methoxpsoralen (8-MOP) and N'-N

methylnitro-nitrosoguanidine (MNNG) (Santamaria, 1985; Santamaria, 1987). The 

inclusion of fi-carotene provided a protective effect against tumor incidence and 

burden. Tomita et al. (Tomita, 1987) treated mice with fi-carotene and then 

challenged them with transplanted tumor cells. The tumors in the fi-carotene 

supplemented mice were one seventh the size of those in the control mice. Other 

groups have perfonned similar experiments and noted decreased tumor growth 

(Seifter, 1982). Grubbs et al. (Grubbs, 1991) used canthaxanthin to evaluate the 

influence of carotenoids on cancer initiation or promotion. Canthaxanthin 

supplemented mice treated with DMBA, during cancer initiation experienced a 65 % 

reduction in mammary carcinogenesis yet no effect on rats treated with MNU during 

the cancer promotion phase. This infonnation led the authors to conclude that 

carotenoids are most effective to inhibit cancer at the initiation phase. 

Much of the animal research has examined fi-carotene' s effects in various 

tumors and tissues: skin, salivary gland, mammary gland, buccal pouch and 

adenocarcinomas. Temple and Basu (1987) used a "nutritionally relevant" level (20 

mg/kg diet) to note the effect of fi-carotene on colon tumors in mice. Mice were 

injected with 1,2-dimethylhydrazine (DMH) and followed for 31 weeks. As a result 

of the increased consumption of fi-carotene the tumor incidence was reduced. The 

23 
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researchers noted a marked reduction in tumor incidence at a relatively low B-carotene 

supplementation level. Moreno et al. (1991) used a cancer hepatocyte nodule model 

in rats. B-carotene supplementation caused a decrease of hepatocyte nodule 

occurrence as well as nodule size. This effect was primarily noted in the inhibition of 

the initiation phase of the hepatocarcinogenic process, suggesting again that B-carotene 

is most effective in prevention of cancer in the initiation phase. It is important to 

point out that there have been reports in which B-carotene is not effective in reducing 

cancers such as in respiratory tract tumors of syrian hamsters (Beems, 1987), 

colorectal cancers in rats, (Colacchio, 1986) and colon/small bowel cancer in rats 

(Colacchio, 1989). The fact that B-carotene is effective in preventing or delaying 

cancer growth in specific organs and not in others suggests that B-carotene' s action is 

specific for cancers types and at a particular time during carcinogenesis. 

Human Research and Cancer 

Epidemiological Evidence 

Many studies have reported an inverse relationship between consumption of 

green and yellow vegetables and risk of cancer (Ziegler, 1989). This finding 

prompted investigators to determine whether the protective factor was vitamin A 

(retinol) or B-carotene. Foods rich in retinol in the "typical" American diet include 

dairy products, fortified cereals, eggs, liver and multivitamin supplements. These 

sources are much different from those in which B-carotene is found. Shekelle et al. 

(1981), Paganini-Hill et al. (1987) and Connett et al. (1989) noted that cancer risk 



reduction was a result of carotenoid and not retinol consumption. Epidemiological 

reviews have noted that factors found in fruits and vegetables prevent cancer (Block, 

1992; Ziegler 1991) and specifically point towards fi-carotene's cancer prevention 

effects. Recent reviews of epidemiological studies with reference to diets rich in fi

carotene seem to indicate that fi-carotene exerts its effect at specific tissues sites and 

specific points in the cancer process (Ziegler, 1991; Poppel, 1993). 
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Prospective and retrospective epidemiological evidence strongly suggests that 

carotenoids reduce the risk of cancer in both prospective and retrospective studies. 

Prospective studies show that vegetables, in particular, are inversely associated with 

cancer risk (Ziegler, 1989). Retrospective studies correlating cancer incidence or 

cancer mortality with fi-carotene plasma levels demonstrate a reduced cancer risk with 

increased fi-carotene levels (Ziegler, 1989; Colditz, 1987). Palan et at. (1988) found 

that mean plasma fi-carotene levels were significantly reduced in women with cervical 

dysplasia (pre-cancer of the cervix) or cervical cancer as compared to controls. Also, 

there was an inverse association between plasma levels of fi-carotene and severity of 

dysplasia. Cervicovaginal cells and plasma fi-carotene levels have been found to be 

decreased in women with cervical intraepithelial neoplasia and cervical cancer (Palan, 

1992). On the other hand, De Vet et al. (1991) found that fi-carotene intake was 

higher in individuals with cervical dysplasia. 

Lung cancer incidence as well as mortality is highly correlated with decreased 

fi-carotene intakes or plasma fi-carotene levels. Wald et at. (1988) measured fi-



26 

carotene levels in stored serum samples and found that men diagnosed with lung 

cancers had lower serum l3-carotene concentrations than controls. Other studies have 

found similar results when noting total blood carotene levels or more specifically 13-

carotene and their correlation with cancer risks or cancer rates (Coates, 1988; Willet, 

1984; Stahelin, 1984; Nomura, 1985; Menkes, 1986). Smith and Waller (Smith and 

Waller, 1991) noted that relatives of cancer patients have lower l3-carotene levels than 

individuals with no history of immediate family members with cancer. Thus, low 

serum l3-carotene may be a predisposing risk factor for cancer in association with a 

genetic disposition for cancer. A simple explanation fJr the inverse association with 

cancer risk and l3-carotene levels, is that l3-carotene is protective. Another point 

leading to the fact that l3-carotene and not retinol (vitamin A) is protective against 

lung cancer is that high blood retinol concentration has not been correlated with 

decreased lung cancer incidence (Russell-Briefel, 1985; Hinds, 1984; Ziegler, 1984; 

Ziegler, 1986; Samet, 1985; Wu, 1985; Byers, 1987; Marchand, 1989) while 13-

carotene concentrations are highly inversely correlated (Coates, 1988; Willett, 1984; 

Menkes, 1986). 

Other cancer sites that have been associated with low l3-carotene consumption 

levels are stomach, cervix, esophagus, small intestine, rectum, bladder, prostate, 

breast and uterus (Kamaukhov, 1990; Pafanini-HilI, 1987; Wald, 1988; Smith, 1991; 

Hirayama, 1979; Stahelin, 1991; Ohno, 1988; Freudenheim, 1990). One of the 

strongest epidemiological evidences of cancer risk and serum l3-carotene levels and 
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cancer occurs in smokers. The more an individual smokes the less foods rich in 13-

carotene are consumed (Palan, 1991; Stryker, 1988; Shibata, 1992). In addition, 

plasma 13-carotene levels are lower in smokers than in non-smokers (Palan, 1991; 

Stryker, 1988; Bolton-Smith, 1991). This indicates that smoking must be assessed 

and controlled in epidemiological studies to insure that the effects of 13-carotene are 

not mistaken for the effects of smoking habits. Also, individuals who smoke, 

consume few fmits and vegetables that are rich in vitamin C or E which may 

influence cancer risk (Russell-Briefel, 1985). Education level has also been directly 

related to an individual's 13-carotene consumption, as education level increases there is 

an increase in consumption of foods containing 13-carotene (Lavecchia, 1992). 

Therefore, populations with the highest risk of cancer i.e. smokers, miners, asbestos 

workers and those with a family disposition to specific cancers, are a group of people 

that may benefit from the antineoplastic properties of 13-carotene. 

Clinical evidence 

One of the first clinical case reports of 13-carotene' s anticancerous effects 

performed on 15 patients who had undergone radical removal of primary neoplasms. 

They were then given 13-carotene and canthaxanthin to prevent tumor recurrence. 

Treated subjects experienced a longer than expected tumor free interval for their 

conditions (Santamaria, 1990). Oral leukoplakia (a pre-malignancy) that can proceed 

to oral cancer has been investigated as one condition that may be reversed by 13-

carotene supplementation. Garewal et al. (Garewal, 1990) demonstrated that 13-
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carotene supplementation was an effective treatment of oral leukoplakia patients. 

They found that 71 % of the oral leukoplakia patients responded positively (decreased 

lesions) to supplementation of 30 mg 6-carotene per day. Similar results have been 

demonstrated by Stich and associates (Stich, 1991) as well as Malaker et al. (Malaker, 

1991). 

One large study found no reduced incidence of cancer with high intakes of 6-

carotene (Greenberg, 1990). This study was designed to detennine if 6-carotene (50 

mg B-carotene per day for 5 years) supplementation decreased the reoccurrence of 

nonmelanomous skin cancer (Greenberg, 1990). One reason why no effect was noted 

is because the initiation phase of carcinogenesis had occurred. This is the phase when 

6-carotene may be most effective in preventing cancer. Presently, there are 13 

ongoing human studies that will help determine the effectiveness of carotenoids on 

cancer prevention (Krinsky, 1989). Other clinical studies are also discussed below as 

to the effects of 6-carotene on the immune system and are presented as a possible 

mechanism of its cancer prevention. 

MECHANISMS 

As a means to evaluate 6-carotene's antineoplastic properties researchers 

would initiate tumors in laboratory animals, provide high levels of 6-carotene and 

follow tumor progression. Frequently the animals which received supplemental 6-

carotene had much lower tumor rates. Much of the initial animal studies were in 

tumor outcome. Theories of antineoplastic mechanism include four areas: (a) 6-



carotene's conversion to retinol (vitamin A) (b) antioxidative properties (c) 

photoprotective properties and (d) immunomodulation. 
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B-carotene's anticancerous properties have been attributed to its conversion to 

vitamin A. The most defined function of vitamin A deals with vision, however, 

vitamin A functions in cellular differentiation (Poppel, 1993), maintenance of 

epithelial tissues (De Vet, 1989) and immune function (Tomkins, 1989). Control of 

differentiation has been attributed to retinoic acid receptors in the nucleus of cells 

(Petkovich, 1987). Retinoids inhibit or suppress cellular transformation as well as 

induce malignant cells to differentiate back to normal cells (Blaun, 1983). High 

intake of vitamin A can increase T-Iymphocyte mitogenesis and natural killer (NK) 

cell activities (Watson, 1985). Another proposed anticancerous mechanism pertains 

to B-carotene's molecular structure as an antioxidant. The conjugated double bond 

molecular structure of B-carotene acts as a trap for singlet oxygen and free radicals 

(Burton, 1984). Once 13-carotene becomes activated from trapping the free radical or 

singlet oxygen it can either give up its energy as heat or absorb the heat internally and 

alter its molecular configuration. B-carotene is not destroyed by this reaction and one 

molecule of 13-carotene can quench up to 1000 molecules of singlet oxygen (Foote, 

1970). As the B-carotene molecule reacts with singlet oxygen it forms a covalent 

bond and generates a ketone or peroxide. Thus, based on carotenoids molecular 

structure it can protect cell membrane from lipid oxidation and also maintain the cell's 

membrane fluidity. 13-carotene's antioxidant property may prevent damage to RNA 
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and DNA thus preventing cellular transfonnation. One ill vitro study detennined the 

inhibition of DNA adduct fomlation through 6-carotene (Das, 1992). These 

researchers noted that 6-carotene decreased DNA adducts of mammary cells induced 

by DMBA. This inhibition prevents genetic alteration on the DNA (sister chromatid 

exchanges) during the initiation stage of carcinogenesis. III vitro studies have 

demonstrated suppression of cancer cell transfonnation in lOT1!2 cells (Pung, 1988; 

Zhang, 1991) through enriched 6-carotene media (Bertram, 1991). Zhang and 

associates (Zhang, 1991) propose that 6-carotene plays a role in gap junctional 

communication between cells. Gap junctional communication apparently perfonns a 

role in cell growth and differentiation, as a decrease in communication occurs tumor 

promotion (transfonnation) increases, such is the case of phorbol esters (Zhang, 

1992). Gap junctions serve as pathways for growth regulatory molecules. Therefore, 

6-carotene enhances gap junctional communications between cells and prevents 

carcinogenesis from occurring. Zhang et at. (1991) noted that 6-carotene enhanced 

gap junction communication between cells and reduced the transfonnation of 10T1/2 

1. Furthennore, Zhang et at. have noted that 6-carotene up-regUlates the expression 

of a major gap junctional protein, connexin, which the authors propose as a 

mechanism distinct and separate from 6-carotene's conversion to vitamin A (Zhang, 

1992). 

Similar to the antioxidant mechanism is that of photoprotection. During 

photosynthesis large amounts of free radicals are fonned. 6-carotene protects plants 
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from these hannful free radicals. As a result of noting the photoprotective effects of 

l3-carotene in the plant kingdom, it is given to individuals with a light sensitive skin 

disorder (Erythropoietic photopOIphyria, EP). From this photoprotection, l3-carotene 

has been thought to prevent light induced free radical fonnation and thus prevent 

cancer, particularly of the skin. The last mechanism, immunomodulation, will be 

discussed in detail below. 

IMMUNE EFFECTS 

Animal Studies 

Bendich and Shapiro (1986) detennined the effect of carotenoids on the 

immune response of T- and R-Iymphocytes. There was a consistent enhancement of 

their proliferation in mice fed either l3-carotene or canthaxanthin. Through the use of 

canthaxanthin (a carotenoid without vitamin A activity) it was possible to demonstrate 

an effect of carotenoids that was separate from retinoids. One model which has been 

utilized to note immune effects of l3-carotene has been the hamster buccal pouch. 

Regression of buccal pouch carcinomas during l3-carotene administration (Schwartz, 

1986) occurred with an increased migration of monocytes capable of enhanced 

production of tumor necrosis factor (TNF). Shklar and Schwaltz (1989) demonstrated 

tumor regression of buccal pouch tumors through l3-carotene injections. Their 

explanation for this effect was a migra~ion of cytotoxic lymphocytes and macrophages 

capable of TNF-a production that destroyed the buccal pouch tumors. They further 

examined the effect of oral supplementation of l3-carotene and a-tocopherol and noted 
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a synergistic effect on the inhibition of hamster buccal pouch tumors (Shklar, 1989). 

Schwartz et al. (1989) designed a study to demonstrate the relationship between tumor 

prevention and enhancement of immune responsiveness to tumor cells through 

administration of 13-carotene. Oral ingestion of 13-carotene caused a significant 

inhibition and prevention of hamster buccal pouch tumors which was also related to 

the enhanced immune function, particularly TNF-a production by macrophages, and 

T-cell cytotoxicity. These animal experiments indicate that 13-carotene affects tumor 

growth through immunomodulation and TNF-a. may playa role in 13-carotene's 

antineoplastic effects. 

Human & ill vitro studies 

13-carotene (180 mg/day) given orally to normal subjects for two weeks caused 

a statistically significant increase in total T and T-helper lymphocytes (Alexander, 

1985) yet caused very little change in the T-cytotoxic/sllppressor lymphocytes. In a 

study in which oral leukoplakia patients were given 13-carotene (30 mg/day), Prabhala 

et al. (Prabhala, 1991) noted increases in T-helper population as well as marked 

increases in NK number (700%) and NK cell activity (300%). Watson et al. (1991) 

supplemented 15 mg 13-carotene for 2 months to a sub-population of elderly humans 

and noted an increase in T -helper (> 150 %) and NK cells populations (300 %). These 

patients also had reduced leukoplakia growth (Garewal, 1990). Prabhala et al. (1989) 

demonstrated an increase in T-helper lymphocytes from a short-term in vitro 

incubation with 13-carotene and retinol. The most dramatic increase was in the 
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percentage of NK cells. These immunomodulatory effects of fi-carotene may 

contribute to the inhibition of neoplasms. In connection with fi-carotene specific 

immune effects, Poppels et al. (1993) examined the subcellular location of carotenoids 

in human lymphocyte subpopulations. They found that fi-carotene is found primarily 

in the cytoplasm of helperlinducer T-Iymphocytes and NK cells. The fi-carotene was 

found in connection with Gall bodies at concentrations 1000 fold increase above 

plasma fi-carotene levels; however, the purpose and function of Gall bodies in 

immune cells has not been defined (Poppels, 1993). 

fi-Carotene may be most beneficial to individuals who have a low plasma level 

or else individuals with suboptimal immune status. Recently, researchers 

supplemented healthy male smokers with 20 mg l3-carotene/day for 14 weeks 

(Poppels, 1993b). fi-Carotene plasma concentration increased 13 fold over the period 

of the study. However, little changes occurred in the lymphocyte subsets between the 

l3-carotene treated group and controls yet a major enhancement in T-cell proliferation 

occurred as a result of fi-carotene supplementation. Therefore, fi-carotene may have 

specific effects with respect to certain aspects of the immune response such as 

enhanced cytokine production or lymphocyte responsiveness. 

Abril and associates (1989) noted that a novel cytotoxic cytokine was secreted 

from peripheral blood cells exposed to fi-carotene. They concluded that this cytokine 

increased cytotoxic activity against human tumor cells. This novel cytokine was 

different from tumor necrosis factor-a, interleukin-l, interleukin-2 or interferon-
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gamma (lFN-'Y). The cytotoxic activity of this novel cytokine caused cell death to 

neoplastic cells yet left normal cells undamaged. Rhodes (1983) found that 6-carotene 

helps regulate the effects of IFN. IFN is a key cytokine that regulates cellular 

immunity and by identifying 6-carotene's role in IFN regulation it may provide 

avenues of understanding its anticancerous properties. Abdel-Fatth et al. (1993) 

incorporated 6-carotene into Iiposomes and evaluated its effect on cytokine 

production. They noted enhanced secretion of IL-I and TNF by monocytes and 

propose this action as a potential for 6-carotene's anti-cancer activity. 

While other immunostimulatory properties of 6-carotene are still under 

investigation, activation of lymphocytes, proliferation of NK cells, enhanced NK cell 

activity, and enhanced cytokine production from monocytes are evidence of 6-

carotene's effects which could have anticancerous actions. Associated with these 

findings is that B-carotene maintains the membrane receptors or gap junctions that 

may be important for immune function or prevent uncontrolled cell differentiation. 

Therefore, the significance of these immune changes are note worthy and warrant 

further study of the anticancerous mechanisms of 6-carotene. 

SAFETY 

The only side effect of consuming high levels of 6-carotene is 

hypercarotenodermia (yellowing of the skin). Consumption of 30 mg/day over an 

extended period seems to cause hypercarotenodermia particularly in the palms and 

soles (Bendich, 1988). It disappears once one ceases or reduces 6-carotene 
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supplementation. One study noted hypercarotenodennia in 64 % of nonnal subjects 

supplemented with 30 mg l3-carotene per day (Willett, 1983). Another study 

(Divitrov, 1988) noted yellowing of the skin in two subjects who consumed 45 mg 13-

carotene per day for 3 weeks. However, the 10ng-tenl1 (15 years), high dose 

supplementation (20-180 mg/day) in humans has not produced toxic adverse side 

effects in humans with a genetically inherited photosensitivity (Bendich, 1988). 

No evidence of embryotoxicity in rats or problems associated with 

reproduction have been noted with high levels of l3-carotene intake (Bendich, 1988; 

Mathews-Roth, 1988; Heywood, 1985) even though there is with retinol. There also 

appears to be no effects in toxicity/tumorigenicity in rat and mouse models 

(Heywood, 1985). Individuals consuming 30-180 mg/day l3-carotene do not manifest 

hypervitaminosis A (Bendich, 1988). The major route of l3-carotene elimination is via 

fecal excretion. I3-Carotene is currently on the Food and Dmg Administration's 

Generally Recognized as Safe list (Life Sciences Research Office). Treatment with 

20-180 mg/d 6-carotene for a genetically inherited disorder of hypersensitivity to UV 

light only caused hypercarotenodennia (Mathews-Roth, 1974). As carrots are a major 

source of 6-carotene some individuals have turned to this natural fonn. Caution must 

be exercised as carrots contain nitrosamine, nitrites and falcarinol. Falcarinol has 

been linked to the death of an individual who consumed large quantities of carrot 

juice (Sinclair, 1985). 

6-Carotene has been noted to influence other nutrients such as a-tocopherol 



(vitamin E) (Willett, 1983; Xu, 1990). Xu et al. (1990, 1992) noted a significant 

decrease (40 %) in a-tocopherol levels after supplementing people with 15-60 mg 13-

carotene for 6 months. Blakley et al. (Blakely, 1990) noted a statistically significant 

decrease in liver and plasma a-tocopherol levels in rats fed high levels of vitamin A 

or 13-carotene. However, Greenberg analyzed plasma specimens from 26 random 

samples of 913 subjects that were consuming 50 mg 13-carotene for 5 years with no 

change in a-tocopherol levels from baseline (Greenberg, 1991). Four other human 

studies found no effect of 13-carotene on vitamin E levels (Divitrov, 1988; Ringer, 

1991; Mobarhan, 1990; Richards, 1990). 

METHODOLOGICAL PROBLEMS AND UNANSWERED OUESTIONS 
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In humans, 13-carotene is absorbed rapidly and then stored in liver and adipose 

tissues. Liver tissue contains 10-30 times more 13-carotene than kidney or lung. 

Carotenoid accumulation seems specific for certain tissues and is an active process 

rather than a passive process dependent upon substrate solubility (Richards, 1990). 

The tissue accumulation of 3-carotenc does not seem to be dependent on the fat 

content of specific organs. This is contrary to an intuition that as 13-carotene is fat 

soluble, the highest concentration would be in organs with the greatest fat content 

(Schmitz, 1991). This may indicate that 3-carotene has certain biological functions 

related to specific organs or that it is a non toxic vitamin A storage form. Changes in 

13-carotene also occur very quickly based on intake. This is very different from other 

fat soluble vitamins such as vitamin A and E (Rock, 1992). 
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A potential problem with animal studies is that 6-carotene is converted very 

rapidly into vitamin A in rodent models while other animals absorb very little 6-

carotene intact (Shapiro, 1984). Rats, mice and chicks convert 6-carotene quickly to 

vitamin A and very little 6-carotene is measurable in tissues. Other animal models 

such as cats or mink are unable to convert 6-carotene to vitamin A (Gugger, 1992; 

Beeson, 1965). Spider monkeys and macaque do not absorb 6-carotene (Snodderly, 

1990). Animals that absorb 6-carotene intact, similar to humans (Huang, 1965) 

include preruminnant calves (Huang, 1965) and rhesus monkeys (Krinsky, 1990). In 

future animal experiments the appropriate animal models must be matched with 

absorption and vitamin A conversion to elucidate 6-carotene's effect on cancer 

inhibition. 

Many in vitro studies such as Prabhala et al. (1989) meet with criticism as 

they solubilize 6-carotene in alcohol. This technique has been the norm for 6-

carotene solubilization even though 6-carotene is an hydrophobic molecule. Many in 

vitro studies claim adequate solubilization, however, based on the concentration 

quoted much of the 6-carotene would precipitate and little would be absorbed by the 

cells (Krinsky, 1991). Other solvents or vehicles that have been utilized to solubilize 

6-carotene include: tetrahydrofuran (THF) , dimethylsulfoxide (DMSO), and 

liposomes. These methods are flawed as well as other factors can affect cell cultures, 

for example, liposomes typically contain phospholipids and other constituents which 

may affect cell culture. We have also experienced isomerization of the 6-carotene 
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molecule from this method. DMSO and acetone mixtures are effective at solubilizing 

l3-carotene yet upon adding high concentration of l3-carotene to cell cultures the 13-

carotene precipitates. THF is currently used as an effective solvent for l3-carotene 

standards in high perfonnance liquid chromatography (HPLC) analysis yet in tissue 

cultures may be toxic at modestly high concentration. On the other hand, less than 

0.5 % THF in tissue cultures doesn't appear to be toxic and is an effective method in 

which high concentration of l3-carotene may be added to cell cultures (Cooney, 1993). 

Therefore, this method may be an effective method to solubilize l3-carotene for in 

vitro studies which will aid in the evaluation of l3-carotene's effect on cancer 

prevention. 

CONCLUSION 

Still much remains to be learned with respect to the effects of l3-carotene on 

cancer. The specific cancers types that respond to l3-carotene as well as the effective 

dosage to which the immune response is enhanced still needs to be identified. Tissue 

concentration of l3-carotene may also be helpful in detennining the effectiveness of 13-

carotene. Proposed mechanisms include (a) l3-carotene's conversion to retinol (b) 

antioxidant properties (c) photoprotective properties (d) immunomodulation. 

Many researchers have found a high correlations with diets rich in fruits and 

vegetables (particularly those containing high levels of l3-carotene) and reduced cancer 

incidence. Other components (fiber, vitamin E, other carotenoids, vitamin C and 

indoles) in fruits and vegetables may also prevent cancer. This does not rule out the 



possibility that l3-carotene is a protective agent. Further studies as well as more 

stringent evaluations of variables will help elucidate the l3-carotenes role in cancer 

reduction. The information from l3-carotene research has prompted many questions 

which need to be further investigated; however, there appears to be strong evidence 

that l3-carotene consumption is helpful in reducing cancer risk. 

SELENIUM 
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In recent years the attitude towards many nutrients, particularly trace minerals, 

has changed from a chemical which was thought to produce adverse effects to one 

which is beneficial to humans. Selenium is one of these nutrients which has 

undergone a complete reversal. In 1934, selenium was found to be a toxic food 

hazard (Frank, 1934) however, a few years after, Schwartz and Foltz demonstrated 

that liver necrosis as a result of vitamin E deficiency could be corrected with 

selenium supplementation (Schwartz and Foltz, 1957). This led other researchers to 

demonstrate that selenium is an essential nutrient for avians and mammals (Thompson 

and Scott, 1970; Helzlsouer 1983). The essentiality of selenium in humans has 

resulted from observation in areas of China where selenium soil concentration are 

very low. Deficiency symptoms and most particularly cardiomyopathy was alleviated 

with selenium supplementation. Further epidemiological evidence has indicated an 

inverse relationship between cancer and selenium status (Griffin, 1979; Salonen, 

1984, Thompson, 1984). Current research has attempted to identify selenium's role 

in cancer prevention. 
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Blood selenium concentrations have been evaluated in healthy individuals as 

well as cancer patients and it was noted that healthy individuals have higher selenium 

levels (Shamberger et al. 1973 and Broghamer et al. 1976). As indicated by Willett 

and Stampfer (1988) this phenomenon may be a result of the progression of the 

disease; however, the decline in blood selenium concentration warrants further 

investigation. One area which selenium may have an influence is through the body's 

ability to recognize and dispose of abnormal cells via the immune response. 

Therefore, distinctions between the results of pharmacological dosages as compared to 

nutritional dosages must be determined. 

Selenium may be supplemented in the form of sodium selenite (Na2Se03), 

selenium dioxide (Se02) , selenate (Na2Se04) or the organic forms as 

selenomethionine, selenocystine or selenodiglutathione. In the organic forms, 

selenium is substituted for sulfur. Human supplementation of organic selenium 

usually is from brewers yeast grown on selenium-containing medium which contains 

predominantly selenomethionine. Clark and Combs (Clark and Combs, 1986) 

recommend that the organic fonns are less toxic than the inorganic forms. 

Selenomethionine appears to be a storage form of selenium in the body. 

Selenium can be transferred from this storage compartment to selenocysteine. 

Selenocysteine accounts for the biological activity of selenium. This compartment 

appears to be tightly regulated. There are two known enzyme systems which contain 

selenium, glutathione peroxidase and selenoprotein P. Further investigation is 
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underway to account for the other compartments of selenium. 

Selenomethionine is primarily supplied by plant products, where selenocysteine 

is derived from animal sources. The inorganic forms are usually found only in 

experimental studies and in supplementation. Selenium supplemented to individual's 

diet by means of sodium selenite appears to not be regulated by selenium status but is 

rapidly absorbed as a result of simple diffusion. Selenomethionine appears to be 

absorbed by the mechanism in which methionine is absorbed. Selenium homeostasis 

is maintained through excretion of in the urine as well as the exhalation (Bopp, 1982; 

Palmer, 1969). The biological effect which selenium exerts is through selenoenzymes 

many of which are not yet characterized. The main effect of selenium as known 

today, is through the selenoenzyme glutathione peroxidase. This enzyme is 

responsible for alleviating oxidative stress. Therefore, this enzyme has been a 

measure of selenium yet appears to only be sensitive a deficiency levels and not a 

good indicator of toxicity. The nutritional dosage of selenium is indicated by the 

results accumulated from observations made on individuals living in selenium 

deficient geographical locations in China. Selenium has been supplemented in many 

of these regions to prevent a cardiomyopathy (white muscle disease in Iambs and 

calves). 

Selenium toxicity is rare in humans but has occurred in the United States 

(Lemly, 1941) as well as China (Yang, 1983). These have provided some incidence 

in terms of supplementation and the wide range of side effects. Symptoms of chronic 
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selenosis include alterations in breath, hair, finger and toe nails, skin, teeth and the 

nervous system. Early indication of selenosis is an oral garlic type odor which may 

be followed by hair and nail manifestations. The hair becomes brittle and easily 

plucked out while the nails show signs of thickening and the nail surface is rough and 

striped. The thumb nail changes are the first to be detected (Yang et al. 1983). Skin 

alterations are indicated by a fine rash which produces an intolerable itching. These 

symptoms seem to subside once the diet is changed to a lower level of selenium. 

Nervous system alterations have been noted in individuals who have consumed high 

levels of selenium over a long period of time (Yang et al. 1983). Side effects of 

nervous system involvement include peripheral anesthesia, "pins and needles," 

acroparesthesia and pain in the extremities and convulsions, paralysis and even 

hemiplegia may develop. Vague symptoms include lassitude, dizziness and impaired 

powers of concentrations (Chen and Clark 1986). 

The recommended dietary allowance of selenium is 70 ug/day and 55 ug/day 

for males and females respectively (National Research Council, 1989). This level has 

been detennined to prevent cardiomyopathy and Keshan disease. However, the level 

in which selenium may playa role in cancer prevention and therapy has not been 

detennined in humans. Supplementation of selenium in laboratory animal above the 

recommended level has had an effect on decreasing tumor size as well as preventing 

promotion of cancer and the effect on immune system (Hocman, 1987; Ip, 1985; 

Milner, 1985; Kiremidjian-Schumacher, 1987). 
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The exact selenium level which produces toxic effects in humans has not been 

ascertained. There have been only a few reports which have aided in evaluating this 

minerals toxic level in humans. In 1978 a report suggested that humans that 

consumed 600 ug Se per day for 18 months demonstrated no adverse health effects. 

An epidemiological study in China noted that individuals who received a daily intake 

of 750-1510 ug Se/day showed no symptoms of selenium toxicity (Yang et aI., 1983). 

One individual consumed 2 mg selenium (sodium selenite) for two year (Yang et aI., 

1983), at which time the initial observations of toxicity were observed and the 

supplementation was discontinued. Researchers observing the toxic effects of 

selenium in drinking water noted that a mean daily intake of as much as 988 ug did 

not produce ill effects (Valentine et al., 1984). These previously noted observations 

were on the general public, whereas cancer patients who were supplementated have 

consumed up to 2,000 ug of Se/day without clinical manifestations of toxicity (Clark 

and Combs, 1986). One researcher compared the effects of selenium deficiency and 

toxicity in animals and humans and noted the similarities in both conditions stated, 

"The maximum tolerable levels for man could be considered in the range of 1,000 to 

1,500 ug/day (Koller and Exon, 1986)." Further research needs to be performed to 

note the effects of selenium supplementation on humans and evaluate its effect when 

provided above the safe and adequate range yet below the toxic level and come to a 

level which optimal health. 

The attitude toward selenium has gone the full circle round--from a compound 
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as considered to be carcinogenic to one which has potential benefits in the treatment 

and prevention of cancer. Few reports in humans have ascertained the level at which 

toxicity occurs, however, they have provided some guidelines. From the current 

data, toxicity for the nomlal population would occur between 1 to 2 mg Se per day 

whereas for cancer patients the toxic level may be sufficiently or significantly higher. 

Selenium supplementation is also recommended as an adjuvant therapy of breast 

cancer (Schrauzer, 1984; Ip and Hayes, 1985a). 

Dietary sources of selenium include seafood, meats and grains. Elderly 

populations are prone to marginal selenium deficiency as a result of their decreased 

intake of such food. The major excretory route is via the urine and a minor route 

through exhaled air (Byard,1969; Ganther, 1966). The essentiality of selenium in 

humans has resulted from observation in areas of China where selenium soil 

concentration are very low. Further epidemiological evidence has indicated an 

inverse relationship between cancer and selenium status (Griffin, 1979; Salonen, 

1984; Thompson, 1984). Mertz noted, 

"No other trace element holds as much promise as a preventive agent 
against the most dreaded disease of mankind, cancer, as does selenium. 
That promise, however, is counterbalanced by our lack of knowledge as 
to the safety levels that would be maximally effective (Mertz, 1984)." 

Cancer mortality and blood selenium levels have been inversely correlated for 

lung, skin, leukemia, colon, breast and liver (Schrauzer, 1977; Krsnjavi, 1990). Low 

blood selenium has been associated with increased risk of cancer (Shamberger, 1973; 
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Broghamer, 1976; Knekt, 1990; Kik, 1987; Willett, 1983). Low selenium blood 

concentrations are correlated with malignant diseases (Clark, 1985; Huljev, 1986; 

Reinhold, 1988). Bladder cancer has been correlated with a low semm selenium 

concentration (Helzlsouer, 1989). Yu et al. (1985) reported an inverse relationship 

between selenium and all cancer sites. Cancer of the stomach and liver are two 

cancers with the highest correlation with low intakes of dietary selenium. Other 

organ sites which seem to be affected by low or high selenium intakes include colon, 

pancreas, and breast (Shamberger, 1973; Willitt, 1988). Selenium supplementation 

(300I-'g/day) was given to patients with precancerous and malignant oral cavity 

lesions with 72 % remission rates and without toxic symptoms (Tom a , 1991). 

Selenium strengthens the immune response which may be another reason for 

the decreased cancer incidence (Kiremidjian-Schumacher, 1987; Spallholz, 1980; 

Watson, 1986). Increasing immune response against cancer would be a beneficial 

response particularly for the elderly in that they are susceptible to moderate immune 

disturbances (Ershler, 1988). One study noted that upon selenium supplementation, 

elderly people experienced enhanced immune response as determined by lymphocyte 

blastogenic response. Dimitrov et al. (1986). supplemented selenium to healthy adults 

and noted increased natural killer cell activity. Spallholz and Boylan (1990) noted 70 

articles and abstracts with respect to selenium and immunity. There seems to be a 

common theme of enhanced immune response with selenium supplementation or 

decreased response during selenium deficiency. Further research is needed to 



investigate the required amount of selenium and length of supplementation necessary 

to influence the immune system without being toxic. 

The RDA for selenium is 70 p,g and 55 p,g for men and women respectively. 
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There is a concern for toxicity with selenium supplementation. As a result of 

improperly manufactured dietary selenium supplements 13 people in the United States 

developed selenium intoxication (Helzlsouer, 1985). Yang et al. (1983) noted that 5 

mg/day selenium caused fingernail and hair changes. One individual consumed 1 mg 

selenium, daily for 2 years at which time he experienced nail changes and a garlic 

odor to his breath. With this in mind it appears that there is a very narrow range 

between deficiency and toxicity. Selenium toxicity seems to be a concern with 

supplementation above 500 p,g selenium per day (Combs, 1990) yet Longnecker 

(1991) reported no evidence of selenium toxicity with individuals who consumed 724 

p,g selenium/day. It has been recommended that 250-300 p,g/day be ingested to 

prevent cancer (Schrauzer, 1978) while others feel that an intake of 100 p,g/day is 

sufficient for cancer prevention (Bakemeier, 1988). The maximum tolerable level of 

selenium intake is between 1,000 and 1,500 p,g/day (Koller, 1986). 
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SELENIUM AND IMMUNE FUNCTION 

Selenium deficiency generally impairs immune function (Koller, 1980). Low 

serum selenium levels have been associated with tumor development (Sundstrom, 

1984), yet cancer remission was associated with increased serum selenium levels 

(Krsnjavi 1990). Those with AIDS and/or AIDS Related Complex posses less plasma 

and erythrocyte selenium (Dworkin, 1988). Numerous studies have shown that 

selenium deficiency resulted in down regulation of immune function (Eskew, 1985; 

Pam ham , 1983; Sheffy, 1979; Chandra, 1982 Urban, 1986; Kiremidjian-Schumacher, 

1987; Petrie, 1989). Also, selenium has been associated with the restoration of 

certain depressed immune functions (Koller, 1986; Petrie, 1989a; Arvilommi, 1983; 

Spallholz, 1981). Therefore, one proposed mechanism by which selenium influences 

cancer development is via the immune response. 

CELLULAR IMMUNITY 

Natural Killer (NK) cells 

Cytotoxic mechanisms play an important role in neoplastic disease 

surveillance. NK cells playa vital role in this surveillance. These cells are 

lymphocytes which do not express markers for T- or B-cells. They are known to kill 

without prior sensitization and are not MHC restricted. They are thought to be a first 

line of defense by rapidly eliminating tumors before T-cells or macrophages can 

respond or be activated. NK cells also playa vital role in terms of the regulation of 

the immune response. NK cells produce high levels of interferon as well as stimulate 
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the production of interferon from TIll cells. Interferon also stimulates interleukin 2 

and prostaglandin synthesis. Thus proper function of NK cells playa vital role in the 

immune response. 

Animal studies 

Talcott et al. in 1984 (Talcott, 1984) demonstrated that dietary selenium could 

modulate NK cell activity. Rats received 0.5, 2.0 and 5.0 ppm selenium in their 

drinking water for 10 weeks. All rats which received selenium showed an enhanced 

NK cell cytotoxicity and it appeared to be dose dependant effect. The group which 

received 0.5 ppm had the highest activity while the rats that received 5.0 ppm had 

expressed a cytotoxicity level slightly higher than the control group. One study 

investigated mammary cancer chemoprevention by various forms of selenium (3 ppm 

for five weeks) yet did not detect any changes in NK cell cytotoxicity (Ip, 1987). 

Petrie et al. (Petrie, 1989a) supplemented mice with (4 ppm selenium) for 3-4 weeks 

and noted enhanced NK cytotoxicity by 65 % over the control mice. There have been 

some conflicting results with regards to NK cytotoxicity and selenium deficiency. 

Eskew et al. (Eskew, 1985) noted that selenium deficient mice expressed enhanced 

NK cell activity whereas, Meeker et al. (Meeker, 1985) reported no effect of 

selenium deficiency on NK cytotoxicity. 
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Human Studies 

Few studies have noted the effects of selenium on NK cell cytotoxicity in 

humans. However, in 1986 Dimitrov et al. (1986) found that volunteers that were 

supplemente.d with 200 J.tg of selenium (sodium selenite) per day for 14 days had 

increased NK cytotoxicity. However, after 21 days of selenium supplementation there 

was a slight suppression that may be explained by an increased production of 

prostaglandins (Koller, 1984). 

In Vitro studies 

Dimitrov et al. (Dimitrov, 1986) incubated human lymphocytes in sodium 

selenite and sodium selenate in doses ranging from lxHrsJ.tg/ml to lxlO-1J.tg/ml and 

found no effect on NK cell cytotoxicity. The researchers also found a suppression of 

NK cell activity at 1 J.tg/ml. Similar findings were noted by Nair et al. (Nair, 1990): 

NK cell cytotoxicity suppression at 1.0, 0.5 and 0.2 J.tg/ml. 

Cytokines and Other Immunological Indices 

Although Koller et al. (Koller, 1986) found increased NK cell cytotoxicity in 

rats fed selenium in their drinking water little effect was noted on IL-l secretion. 

Similarly, IL-2 production was not affected by selenium supplementation in goats 

(Aziz, 1986). IL-l production in mice was not affected by selenium treatment for 8 

weeks, however a dose dependant trend in IL-2 was noted (Kiremidjian-Schumacher, 

1990). 

Human cell incubated at levels of 10-6 to 10-9 Molar concentration of selenium 
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have been shown to produce enhance levels of IFN-'Y (Watson, 1986). Macrophage 

cytotoxicity is an aspect of the immune response which hasn't been studied much, 

with respect to selenium supplementation. Kiremidjian-Schumacher et al. (1992) have 

perfonned one of the few experiments which evaluated peritoneal macrophage 

cytotoxicity in mice supplemented with 2.0 ppm selenium for 8 weeks. There f(Jund 

an 18 % increase in cytotoxicity as a result of selenium supplementation. The 

selenium supplementation was also effective in raising TNF-a by 75 % over the 

control animals and little effect on IFN-'Y was noted. 

T-Cells 

Animals 

Selenium supplemented mice expressed enhanced delayed type hypersensitivity and 

rejection of skin allografts (Kiremidijian-Schumacher, 1987; Kiremidijian

Schumacher, 1977). Therefore, it was concluded that selenium supplementation 

modulated T cell mediated immune responses ill vivo. Petrie et at (1989a) noted an 

increase in cytotoxic T-Cells with the addition of 4 ppm of selenium in the drinking 

water of mice. Kiremidjian-Schumacher et al. (Kiremidjian-Schumacher, 1990) 

demonstrated that cytotoxic T-lymphocytes of mice supplemented with 2.0 ppm 

selenium (yeast based diets) had greater ability to kill tumor cells (+ 22. 3 %) than 

control mice. Furthennore selenium deficiency resulted in a suppression (-16.8 %) of 

cytotoxic T cells. 



Humans 

Supplementation of elderly humans with 100 p.g selenium (yeast based 

form)/day for 6 months caused and effect an enhanced lymphocyte responses. The 

most significant effect was with respect to stimulation of pokeweek mitogen. 

Lymphocyte proliferation increased from 79 % to 138 % response above the control 

levels for three and six months respectively. 

B-Cells 

Animals 
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"There is considerable evidence that selenium enhances the resistance of the body to 

disease (Kiremidijian-Schumacher, 1987 p. 281)." Rabbits that were supplemented 

with selenium and then immunized with typhoid antitoxin developed higher 

antityphoid IgG titers. These specific titer remained elevated from many months after 

supplementation was discontinued (Bernstein, 1972). Similar elevated antibody 

responses have been found in cattle, mice and dogs as a result of selenium 

supplementation (Kiremidijian-Schumacher, 1987). Antibody production has been 

noted to be inhibited at 5 ppm selenium in the drinking water of mice (Koller, 1986). 

Much of the animal experiments seem to demonstrate that selenium deficiency slows 

the humoral immune responses while selenium up to 5 ppm supplementation increases 

the response. 

In conclusion, selenium seems to affect different aspects of the immune 

system. NK cell and T-cell cytotoxicity seem to be one of the areas most affected by 



selenium deficiency or supplementation. Other areas such as T and B cell are also 

affected by selenium supplementation or deficiency. Therefore, part of selenium's 

anticancerous effects is hypothesized to function through immunomodulation. 
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CHAPTER II 

IMMUNE RESPONSE AND CHANGES ASSOCIATED WITH AGE 

----.---- ----
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INTRODUCTION 

The immune system is an integrated system of organs, cells and soluble factors 

designed to eliminate pathogens, viruses, microorganisms, parasites, and malignant 

cells. The immune response depends on the cells' ability to recognize foreign 

molecules known as antigens. In brief, the immune system can be divided into three 

separate areas 1) cell-mediated immune response, T-cell driven 2) humoral antibody 

response mainly B-cell dependent 3) non-specific immune response that includes 

phagocytosis and macrophage-mediated cytotoxicity. Although these areas are 

specific for certain functions their effective and appropriate interactions are what 

constitute an immune response. A brief discussion of these different areas will be 

presented, yet focus will mainly be on T-cells, cytokines and natural killer cells, for 

these were the areas found to be affected by l3-carotene and selenium supplementation. 

Cell-mediated immunity 

Cell-mediated immunity functions through a subset of lymphocytes known as 

T-cells. These lymphocytes develop and differentiate in the thymus before they seed 

the secondary peripheral lymphoid tissues. T-lymphocytes are characterized by 

specific molecules on their surface, cellular activity as well as the cytokines which 

they produce. There are two main subclasses of T-cells which are recognized by the 

expression of molecules on the cell membrane known as CD4 and CD8. These 

molecules are specific receptors for class IT and class I major histocompatibility 

complex (MIIC) molecules. T-cell which contain CD4 markers recognize antigen 



55 

associated with l\1HC class IT molecules and are frequently known as T-Helper cells. 

The other subpopulation known to have CD8 markers primarily recognize antigen 

associated with l\1HC class I molecules and are primarily responsible for cytotoxic 

destmction once they have been activated. Each of these groups are divided further 

into specific sub-populations yet, are identified by their functions or cytokines 

released rather than a specific antigen or marker on their cell surface. 

Humoral immunity 

Humoral immunity involves B lymphocytes which are responsible for 

producing antibodies. Antibodies or immunoglobulins are proteins that are 

synthesized endogenously and once exposed to the outside of the cell can interact with 

foreign cells or particles. The B-cells typically express l\1HC class II molecules. To 

produce and secrete immunoglobulins B-cells must interact with T-cells (CD4+) and 

antigen. Those B-cells which require T-cell interaction are known as T-cell 

dependent, whereas antigen alone may stimulate a sub-populations of B cells known 

as T-cell independent. Once B-cells have been activated they proliferate and mature 

under the influence of T-cells. Through this process of becoming plasma cells they 

lose cell surface markers and become very efficient at producing large quantities of 

antibodies. 

Cytotoxicity and Phagocytosis 

Cytotoxicity is a function of natural killer (NK) cells as well as T cytotoxic 

cells, macrophages, and polymorphonuclear cells. NK cells are typically described as 
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non B- or T- cells, macrophages, activated CD8+ T-cells and polymorphonuclear 

cells. Cytotoxicity implies killing of cells while phagocytosis implies destruction 

through engulfment and/or digestion. NK cells destroy infected or malignant cells by 

secreted factors known as perforins. Once perforins are secreted they form 

complexes on the target cell wall which cause disruption of the osmotic pressure as 

well as transmembrane channels for cytotoxic factors to pass. Cytotoxicity can be 

enhanced though antibodies binding to the target's cell surface. Macrophages can 

engulf whole microorganisms or foreign substances and process the material which is 

then presented to T-cells (CD4+) that can release soluble factors such as cytokines as 

a method of immunological control. 

Cytokines 

Cytokines are typically small proteins secreted from a variety of cells which 

have immunoregulatory and inflammatory functions. Specific cytokines may also be 

secreted from a variety of cells. They typically are not preformed, therefore their 

production and secretion are limiting steps. Lymphocytes can be stimulated to 

produce cytokines. The amount of cytokine secreted can be quantified and allow a 

measurement of responsiveness of the immune system. Specific cytokines may also 

have many effects on a variety of cells. The activation and secretion of cytokines 

frequently takes hours and their action may include autocrine, paracrine or endocrine 

functions. Specific cytokines with reference to sources, target cells, and functions are 

presented in Table 2.1 (Male et aI., 1991; Abbas et al., 1991; Genzyme, 1993). 
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Therefore the immune system is system composed of various parts which all 

work together in preserving a defense mechanism against foreign particles, malignant 

cells and pathogens. 

Table 2.1. Cytokines, sources, targets and their detennined functions. 

Cytokine Source Target Function 

IL-l Macrophage T-Cell Costimulates and enhances T-
B-cell cell responses, mediator of 
Macrophage inflammatory response, 

induces fever, augments IL-2 
and interferon (IFN) induced 
NK -mediated cytotoxicity 

IL-2 Activated T-cells T-cell growth factor, 
T-cells B-cells activation of NK cells/LAK 

NK-cells cells, augments B cell 
Monocytes antibody production, 

augments IFN-'Y production, 
induces IL-6 production by 
monocytes, modulates IL-2 
receptor expression 

IL-3 Activated T-cells Simulates mast cells, 
T-Cells Monocytes enhances growth of T-cells, 

potentiates activities of 
basophils, eosinophils & 
monocytes 
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IL-4 T-H2 B-cells Upregulates MHC class II of 
LAK cells B-cells, enhances 
Monocytes immunoglobulin production, 
NK cells inhibits cytokine expression 

& superoxide production by 
monocytes, enhances 
phagocytosis, enhances 
development of cytotoxic 
lymphocytes, induces LAK 
cell activity 

IL-5 Activated T-H2 B-cells Enhances IgE synthesis, 
cells Eosinophils chemotactic factor for 

Basophils eosinophils & Basophils 

IL-6 Activated T-cells Proliferation and 
Monocytes, B-cells differentiation of T - & B-
Macrophage, cells 
T-cells 
B-cells 

IL-7 Bone Marrow B-cells Proliferation and 
Stromal Cells T-cells differentiation of T & B-cells 

IL-8 Monocytes T-cells Chemotactic factor for 
Neutrophils neutrophils and lymphocytes 
B-cells 

IL-9 T-H2 T-cells Causes proliferation of CD4 + 
cells 

IL-IO T-H2 T-I-Il Inhibits T-Hl cytokines, 
Macrophages inhibits IFN-,}, and IL-2 
B-cells produced by T-Hl, 

suppresses Tumor Necrosis 
Factor release by 
macrophages, is a potent 
growth and differentiation 
factor for B-cells. 
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IFN-'Y T-cells T-cells Prevents viral replication, 
NK cells B-cells augments IL-2R expression, 

NK-cells inhibits T-H2 cells activity, 
Monocytes enhances NK cell activity as 

well as causes target cell 
susceptibility to NK cell 
activity. 

TNF-a Macrophages T-cells Activates PMNs, possess 
T-cells B-cells antiviral activity, induces 
B-cells Macrophages fever, induces apoptosis. 

PMNs 

IL-12 T-cells T-cells Synergistic effects with IL-2 
NK cells for NK cell growth, causes 

proliferation of T-cells, 
enhances cytotoxicity of 
CD8+cells 

Tests for immunity include a basic evaluation of white blood cell count. Once 

leukopenia (low white blood cell count) occurs (1500 cells/mm3) defects in the 

immune responsiveness can be presumed. Also changes in cell population can give 

insights into appropriate function of the immune system. Current acceptable values 

are noted in Table 2.2. The evaluation of specific cell types provides a means 

whereby one can note population shifts and equate them with functions of the 

respective cell. Functional tests of lymphocytes include antibody production, cytokine 

stimulation and cytotoxicity assays (Urbaniak, 1986) . 

_ .. _ .. _-_._---------- . __ . __ ._-- --- -----



Table 2.2. Representative Lymphocyte and White Blood Cell Differential 
Percentage with Reference Ranges (Beckton Dickinson, Mountain 
View, CA). 

Parameter Gender Age Mean 95% Range* Normalt 

T-Cells Both All ND 62.7-87 55 - 85 

Helper/ d s;40 39.9 27.2 - 52.5 36 - 60 
Inducer 0 >40 43.9 28.5 - 59.2 
Lymphocyte ~ s;40 44 31.4 - 56.7 

~ >40 48.9 34.0 - 63.8 

Suppressor/ 
Cytotoxic Both 18 - 70 33.4 18.9 - 47.9 20 - 30 
Lymphocyte 

B-Cells Both All ND 6.0 - 10.8 15 - 30 

NK-Cel1s Both All 8.0 5 - 15 ND 

Lymphocyte Both >40 ND 22.0 - 46.0 ND 

Monocytes Both >40 ND 0-9 ND 

Neutrophil Both >40 ND 36 - 68 ND 

Eosinophil Both >40 ND 0-6 ND 

Basophils Both ND 0-2 ND 
>40 

* = Appropriate ranges based on the same procedures as current experiment 
t=Often quoted ranges of Peripheral Blood 
ND=Not Detennined 
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Nonnal standards are helpful to detennine precision of immunological tests as 

well as a standard or screening tool for immunological changes. Two factors to 

consider when perfonning nutritional studies is 1) whether test sample is within 

nonnal ranges and 2) changes which occur during the treatment period. Also, many 

immunological parameters change with age (see Table 2.3). 
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Table 2.3. Noted Immunological changes associated with age. 

Immune parameter Effects Noted 

Total T Cell Number ~ (Clot, 1972) 
~ (Diaz-Jouanen, 1975) 
f (Hallgren, 1978) 
- (Quinti, 1981) 
- (Charpentier, 1981) 
- (Kishimoto, 1978) 
- (Inkeles, 1977) 
- (Weksler, 1974) 

Immature T cells f (Moody, 1981) 
f (Pahwa, 1981) 
f (Singh, 1979) 

T -cells (Helper) f (Moody, 1981) 
f (Rosenberg, 1983) 
- (Delafeunte, 1985) 
- (Quinti, 1981) 
- (Chandra, 1985) 
- (Rosenberg, et aI., 1983) 

T-ceIIs (Suppressor/Cytotoxic) ~ (Delafeunte, 1985) 
~ (Moody, 1981) 
~ (Chandra, 1985) 
~ (Nagel, 1981) 
~ (Weksler, 1982) 
f (Moody, 1981) 
f (Kishimoto, 1978) 
f (Chandra, 1985) 
f (Fournier, 1977) 
- (Moody, 1981) 
- (Delafunte, 1985) 
- (Quinti, 1981) 
- (Inkeles, 1977) 
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T-cell response ~ (Goodwin, 1982) 
(proliferation) ~ (Roberts-Thompson, 1974) 

~ (Phair, 1978) 
~ (Charpentier, 1981) 
~ (Weksler, 1974) 

Suppressor activity ~ (Hallgren, 1977) 
~ (Thoman, 1983) 
f (Goidl, 1976) 
f (Lui, 1982) 

Response to IL-2 ~ (Delafeunte, 1985) 
~ (Rosenberg, 1983) 
~ (Gillis, 1981) 
~ (Gilman, 1982) 
- (Delafunte, 1985) 
- (Thoman, 1983) 
- (Thoman, 1982) 
- (Kennes, 1983) 

Cytokine secretion (lL-2) ~ (Pahwa, 1981) 
~ (Delafunte, 1985) 
~ (Gillis, 1981) 
~ (Gilman, 1982) 
~ (Thoman, 1982) 
~ (Thoman, 1981) 
~ (Cheung, 1983) 
- (Rosenberg, 1983) 

(lFN-I') + (Rytel, 1986) 
~ (Abb, 1984) 
- (Miller, 1980) 

Mononuclear Phagocyte ~ (Pahwa, 1981) 
Functions (Chemotaxis, ~ (W eksler, 1978) 
Phagocytosis, Killing) - (Finkelstein, 1982) 

- (Jones, 1984) 
- (Gardner, 1981) 
- (Bar-Eli, 1979) 
- (Cantrell, 1973) 
- (Perkins, 1971) 
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Cytotoxic T cell function ~ (Fox, 1984) 
~ (Weksler, 1983) 
~ (Delafunte, 1985) 

Natural Killer cells ~ (Fox, 1984) 
(Activity or Cell Number) ~ (Weksler, 1983) 

~ (Delafunte, 1985) 
~ (Penschow, 1980) 
- (Delafeunte, 1985) 
- (Tsukayama, 1986) 

(t) = increases ( ~ ) = decreases (-) =No change 

*Adapted from Saltzman, R.L., Peterson, P.K. Immunodeficiency of the Elderly, Rev 
Infect Dis 9:1127-1139,1987. 

The relative clinical importance of many of the immunological changes has not 

yet been detennined. Factors such as disease process not clinically manifested, 

environmental factors, and nutritional status may playa role on the immunological 

changes in the aged. Specific nutrient deficiency has been shown to decrease immune 

functions while supplemental nutrients have restored depressed levels (Saltzman, 

1987). Therefore, nutritional factors such as 6-carotene and selenium supplementation 

and their effects on immune parameters were investigated. 
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CHAPTERll 

IN VITRO MODULATION BY fi-CAROTENE AND SELENIUM 

ON NATURAL KILLER CELL ACTIVITY AND IL-6 AND IL-8 SECRETION 

Preface: This Article is prepared to be submitted Steven M. Wood, Carla 

Beckham, Kunjan Bhatt and Ronald Watson, Nutrition Research (1994) 
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ABSTRACT 

Selenium and l3-carotene have been indicated to prevent certain cancers. Both 

nutrients are part of the body's defense against oxidation damage and may also have 

immunomodulatory effects as a means of cancer prevention. A first line of defense 

against cancer is the immune system. One of the first immune responses against 

cancer cells is natural killer (NK) cells. Therefore, we incubated human lymphocytes 

for 24 hours with various concentrations of l3-carotene and/or selenium that 

correspond to normal plasma levels, plasma levels of individuals supplemented with 

45 mg l3-carotene/day and/or 400 J-tg selenium/day and several fold increase 

(pharmacological) concentration. Control lymphocytes were incubated without the 

addition of l3-carotene or Selenium. NK cell cytotoxicity was determined by lysis of 

target tumor cells. Also, IL-6 and IL-8 secretion after stimulation with 

lipopolysaccharide (LPS) were also measured by EUSA assays. These two cytokines 

were evaluated as markers for the effectiveness of the immune response. Percentage 

change of NK cell cytotoxicity was statistically (P< 0.05) enhanced at the 

pharmacological concentration of l3-carotene (+ 28 %). Sodium selenite suppression 

occurred at normal (-25 %) and pharmacological concentrations (-24 %) as compared to 

media NK cytotoxicity controls. The selenium suppression was overcome when cells 

were also incubated with l3-carotene. Although IL-6 and IL-8 secretion appear to be 

enhanced with incubation of both nutrients, w~ were unable to determine statistical 

significance due to the large variation between individuals. We conclude that a short 
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(24 hours) incubation with J3-carotene has immunomodulatory action and may explain 

part of its antineoplastic effects. 

INTRODUCTION 

NK cells have been classified as non T- or B-cells. They are a first line of 

defense against cancer by rapidly eliminating tumor cells, before T-cells or 

macrophages can respond or be activated. NK cells also playa vital role in terms of 

regulation of the immune response. NK cell cytotoxicity playa vital role in disease 

surveillance particularly against neoplasms and viral infections. It may have clinical 

application and has been used as prognosticator in ovarian carcinoma (Garzetti, 1993) 

and squamous cell carcinoma of the uterine cervix (Vaquer, 1990). This suggests that 

NK cell activity may also be an indication of the "effectiveness" of an appropriate 

immune response. 

The proper functioning of the immune system as well as an optimal immune 

response requires selenium. Serum selenium concentrations have been indicated as 

possible diagnostic parameter for assessment of breast disease (Krsnjavi, 1990). 

Selenium has also been noted to affect macrophage cytodestruction (Kiremidjian

Schumacher, 1992b). Cytokines secreted by macrophages and monocytes such as IL-

6 and IL-8 may be modulated by selenium, in that IL-6 is a major factor in the acute 

phase immune response (Gauldie, 1987) and IL-8 plays a role in chemotaxis. IL-6 

is related to other cytokine such as IL-l and TNF which are mainly excreted by 

monocytes. Acutely, IL-6 can be produced and carried via the blood to distant sites 
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to cause an inflammatory process. One of the major function of IL-6 is to induce B-

cell differentiation. A lesser activity relates to IL-6 ability as an accessory cell signal 

to T-cells permitting a growth response to IL-2. Previously, researchers have noted 

that NK cell activity could be enhanced through supplemental selenium (Koller, 1986; 

Petrie, 1989) however, combinations of nutrients have not been investigated even 

though many people use them and there may be synergism. Also, ill vitro cultures 

with B-carotene enhance NK cell markers in human peripheral blood (Prabhala, 

1989). Previous methods to solubilize B-carotene were not efficient due to its 

hydrophobic stmcture. Therefore, we utilized a novel method of solubilizing B

carotene in tetrahydrofuran (THF). The objective of this study was to determine 

immunomodulatory effects of various levels of B-carotene and selenium on NK cell 

cytotoxicity and IL-6 and IL-8 cytokine production as indication or "marker" of 

lymphocyte responsiveness. 

MATERIALS AND MEmODS 

Blood Collection and lymphocyte preparation 

Blood was collected from 9 healthy volunteers in 10 mL trace mineral free 

blood collection tubes containing sodium heparin (Temmo Medical Corp., Elkton, 

MD). Peripheral blood mononuclear cells (PBMC) were isolated by placing whole 

blood with equal amounts of sterile phosphate buffer solution (PBS) and carefully 

layering it upon Lymphocyte Separation Medium (Organon Teknika Corp. Durham 

NC). The tubes were centrifuged at room temperature at 400 x g for 20 min. The 
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PBMC were aspirated and placed into a 15 mL centrifuge tube. Tubes were filled 

with sterile PBS and centrifuged at 200 x g for 10 min. Cells were washed and spun 

again, and then resuspended in RPM! 1640, pH 7.2-7.4 (Gibco Laboratories, Grand 

Island NY) containing 10 % fetal bovine serum (Intergen, Purchase NY) and 100 

Units/mL penicillin and 100 j.tg/mL streptomycin (complete medium, CM). All 

reagents were selected for very low or undetectable LPS levels. Lymphocyte cell 

concentrations were adjusted to 4 X 106 cells/mL. 

Nutrient Solution 

Sodium selenite (Sigma Chemical Co., St. Louis, Mo) was added to CM to 

give a final concentration of 0.12 j.tg/ml (nonnal plasma level), 0.16 j.tg/ml (plasma 

level of individuals supplemented with 400 j.tg selenium/day) and a phannacological 

level of 1. 6 j.tg/ml. Since /3-carotene /3-carotene is not soluble in water we employed 

a novel technique utilized by Bertram et al. (1991) and Cooney et al. (1993) in which 

0.1 g of /3-carotene (Fluka Chemika-BioChemika, Buchs/Switzerland) is solubilized in 

35 ml of Tetrahydrofuran (THF) (Fisher Chemical, Fair Lawn, NJ). This solution is 

then placed in 465 ml complete media. Aliquots (1.43 mL) were placed in 15 ml 

centrifuge tubes and frozen until use. On the day of the experiment tubes were 

thawed, utilized and discarded to prevent any variation of solution preparation. 

Similar tubes containing the same THF concentration were also prepared to note the 

effects of the vehicle only. At the time of incubation stock solution tubes were 

thawed and 8.57 ml of complete medium was added to give a concentration of 53280 
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nMoles/L. Final l3-carotene concentrations in the cell cultures were 330 nMoles/L . 

(nonnal plasma concentrations) (Greenberg, 1990), 3330 nMoles/L (plasma 

concentration of individuals supplemented with 45 mg l3-carotene) (Greenberg, 1990) 

and 6660 nMoles/L (phannacological concentrations). The concentration of THF in 

cell cultures was 0.25, 0.025 and 0.013 percent. 

Cell Culture 

Effectors (lymphocytes) were placed in U-bottom cell culture plates (Falcon 

3077, Becton Dickinson, Lincoln Park, NJ) at 2xlO5, lxlOs, and 5x104 cells/wells for 

NK cell cytotoxicity analysis. Cells (2xlOslwell) were placed in flat bottom microtiter 

plates (Falcon, Lincoln, Park, NJ) for cytokine stimulation. Appropriate wells 

received corresponding complete medium (Control) without addition of either 

antioxidant or l3-carotene and selenium concentrations alone or together (NK cell 

cytotoxicity only). Cells were incubated for 24 hours at 37° C, 5 % CO2 in a 

humidified environment at which time NK cell cytotoxicity was detennined or 

stimulation of IL-6, IL-8 cytokine secretion was perfonned. 

Natural Killer Cell Cytotoxicity 

Natural Killer (NK) cell cytotoxicity was measured by a fluorescent method 

(Wierda 1989). This method measures the fluorescent dye, Calcein AM (Molecular 

Probes, Eugene OR) remaining in the live target cells, K562 myelogenous leukemia 

cells, using the Pandex Fluorescence Concentration and Analyzer (FCA) (lDEX, 

Portland Maine). The NK sensitive cell line K562, was established by Lozzio and 
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Lozzio (Lozzio, 1975) and is highly sensitive as an in vitro target for NK cell 

cytotoxicity. Target cells were washed twice with PBS and labeled with calcein AM. 

Cell concentrations were perfonned in triplicate. Six wells contained either CM 

(Spontaneous release) or 2 % Triton 100 (maximum release). Target cells (K562 

cells) were placed in each well (4x103 cells per well) and spun at 80 x g for 3 minutes 

to facilitate cell to cell contact. The cell culture plate was incubated at 37°C in a 

humidified 5 % CO2 incubator for 3 hours. After incubation 10 /-tl of 1 % inert 

fluoricon polystyrene assay particles were added to each well of the harvesting plate 

(lDEX, Portland, MN). Eighty /-tL aliquot from each well were transferred to a 

Pandex Harvesting Plate (lDEX, Portland MN). Epifluorescence of each well was 

automatically detennined at 485/533 nm excitation/emission wavelengths for Calcein 

AM using the Pandex FCA. Specific cytotoxicity was calculated as follows. 

Mean Spontaneous Release-Mean Experimental Fluorescence x 100 
Mean Spontaneous Release-Mean Maximum Release 

Cytokine Stimulation 

After 24 hours of incubation with respective nutrients, 0.1 ml 

lipopolysaccharide (LPS)2 (10 ng/ml) was added for the induction of both IL-6 and 

IL-8. Certain wells were identified as background levels which received CM instead 

of mitogen. Cells were again incubated at 37° C in a humidified 5 % CO2 incubator 

for 24 hours. After incubation, the plates were centrifuged for 10 minutes at 400 g. 

Supernatant fluids were collected and stored at -20°C until analyzed. 



Reagents 

Recombinant human cytokines were obtained from National Cancer Institute, 

Frederick, MD (lL-6); Endogen, Boston, MA (lL-8). Monoclonal and polyclonal 

antibodies against IL-6 were kindly provided by Dr. L. Aarden, Blood Transfusion 

Center, Netherlands. The IL-8 polyclonal antibody used in these studies was from 

Biosource International, Camarillo, CA, and streptavidin peroxidase from Ser-Lab, 

Crowley, UK. 

ELISA for Cytol{ine Detection 
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All cytokine detection was perfornled by EUSA assay as previously described 

(Martinez, 1993). Briefly, a 96 well tissue culture plate was coated with capturing 

mouse monoclonal antibody specific for human (hu) IL-6 or with affinity purified 

polyclonal rabbit anti-hulL8 antibody diluted in 0.05 M bicarbonate buffer (PH 9.6) at 

4 °C overnight. After this and all subsequent steps, plates were washed three times 

with PBS containing 0.05 % Tween 20 (PBS-Tween). Supernatant fractions and 

serially-diluted recombinant (r) hulL-6 or hulL-8 standards were added to wells and 

incubated at 37° C in humidified 5 % CO2, for 2 hours. Plates were washed and 50 ftl 

of diluted biotin-labelled affinity-purified polyclonal anti-hu IL-6 or hulL-8 detecting 

antibodies were placed in all wells. Plates were incubated for 1.5 hours as before. 

Plates were washed and streptavidin peroxidase was added for 1 hour and color 

developed with substrate solution (2,2-azino-bis [3-thylbenzthiazaline]-6-sulfonic acid 

in citrate buffer, 0.1 M, pH 4.2, containing 0.03 % H20 2). Optical density was 



measured at a wave length of 405 nm by Titertek Multiscan (Flow Lab, Mclean, 

VA). Sensitivity of the EUSA assays for IL-6 and IL-8 were 20 and 156 pg/ml 

respectively. No cross reactivity was noted with other cytokines as observed 

previously (Martinez, 1993). 

Statistics 
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Statistical analysis was performed using Number Cruncher Statistical System 

(Hintze, 1987). For natural killer cell activity, samples were all standardized as 

percent change from baseline by dividing the experimental value by the baseline levels 

and then expressing a percentage increase or decrease from baseline levels. 

Statistical differences (p < 0.05) were detennined by one-way analysis of variance 

(ANOV A) with respect to percent change at each concentration. When statistical 

differences were determined, Fishers Least Significant Differences was employed to 

identify those concentration which were significantly different. 

RESULTS 

Nutrients and Natural KiIlet· Cell Activity 

PMBC and target cell cultures with each nutrient consistently were over 90 

percent viable after 24 hour incubation with each nutrient. In vitro effects of 6-

carotene and sodium selenite on NK cell cytotoxicity are presented in Table 3.1 and 

Figure 3.1. 



Table 3.1 NK cell activity changes from 24 hour incubation of sodium selenite 
andl6-carotene 

Percent change of 
Nutrient & Concentration NK Cell ActivitI 

Selenium: 

Control 100 
(47, 22-71) 

Nonnal -25 ± 7.6t 
(34.0, 3-46) 

Supplemented -16 ± 6.6 
(38., 2-67) 

Phannaological -24 ± 8.7t 
(31, 13-59) 

,P-Carotelle + % THF: 

Control + a 100 
(47,22-71) 

Nonnal + 0.013 +5 ± 7.3 
(SO, 3-84) 

Supplemented + 0.025 +12 ± 8.0 
(51, 10-80) 

Phannacological + 0.25 25 ± 11.1 t 
(5S, 17-7S) 

Tetrahydrojuran: 

Control (0 %) 100 
(47, 22-71) 

0.013% -S ± 6.1 
(49, 8-85) 

0.025% -4 ± 3.6 
(50,22-87) 

0.25% -14 ±7.6 
(46, 17-87) 
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Selenium + fJ-Carotene: 

Control 

Nonnal 

Supplemented 

Phannacological 

100 
(47, 22-71) 

-11 ± 7.8 
(49, 29-76) 

+6 ± 11.2 
(52, 38-76) 

+15 ± 8.3 
(59,42-77) 

* Percentage Change of Means ± SE with actual means and ranges in parenthesis. 
t Statistically different (P < 0.05) from control levels. 
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6-carotene enhanced NK cell cytotoxicity in a dose dependent fashion which was 
statistically significant *(P < 0.5) from control (unsupplemented) levels at the highest 
concentration. On the other hand selenium seemed to be suppressive which was 
statistically significant from the NK cell cytotoxicity levels at nonnal plasma selenium 
and phannacological concentrations. In the cell cultures which were incubated with 
both selenium and 6-carotene there was no significant change. Yet the inhibition by 
selenium seemed to be overcome with the addition of 6-carotene. 
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Figure 3.1 Peripheral blood mononuclear cells (PBMC) were incubated with 13-
carotene (J3C) and sodium selenite (Se) at ranges which correspond to 
nonna! (0.12 J-tg/ml Se and/or 330 nMoles/L J3C), supplemented (0.16 
ftg/ml Se and/or 3330 nMoles/L J3C) and phannacological (1.60 ftg/ml 
and/or 6660 nMoles/L) concentrations of the human plasma. 13-
carotene is hydrophilic allowing it be solubilized in tetrahydrofuran 
(TIfF). Natural killer (NK) cell cytotoxicity was detennined (50: 1 
effector to target ratio) by a fluorescence method and percent change 
from media controlled cytotoxicity was detennined (means ± SD). 13-
carotene enhanced, while selenium suppressed NK cytotoxicity. 
Sodium selenite suppression was overcome with the addition of 13-
carotene. TIfF had no effect on NK cell activity (data not shown). 
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Nutriellts alld cytokille Secretio1l 

The cytokine production effects of 13-carotene delivered to the cells with THF, 

selenium or THF alone are noted in Table 3.2. There was much variation between 

cytokine levels as noted by the large standard errors. The only concentration of 

either nutrient which was statistically different from the control concentration was in 

the supplemented level of selenium (0.16 f(g/ml). The interesting observation was 

that at normal and supplemented concentrations there seems to be an enhanced 

cytokine production while at the phannacological concentration there was a trend 

towards cytokine suppression. The vehicle for 13-carotene delivery had little effect on 

cytokine production. If we subtracted the effect of the vehicle from each individual in 

the 13-carotene group for IL-6 the effect was similar to the data presented in Table 6.2 

Percent change from control groups ± standard error: normal O± 14; 

supplemented=53.4±18 and pharmacological=0±22 and IL-8 nomlal=48.2±22.6; 

supplemented =47 .4±22.0; pharmacological =20.0± 19.8. 
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Table 3.2. In vitro effects of different nutrient concentrations on cytokine 
production. 

Percent Change Percent Change 
IL-6 secretion IL-8 secretion 

Nutrient & Concentration 

Selenium: 

Control 100 100 
(9.7,2.3-14.3) (1.5, ND-4.0) 

Nonnal +26 ± 22 +32.7 ± 33 
(9.3, 2.2-16.1) (1.5, ND-3.9) 

Supplemented +46 ± 16t +2.6 ± 26 
(10.5, 2.9-19.2) (1.0, ND-1.8) 

Phannacological +1 ± 7 +9 ± 5.3 
(9.7, 6.6-12.0) (1.4, ND-2.2) 

,P-Carotene + % THF: 

Control + 0 100 100 
(9.7,2.3-14.3) (1.5, ND-4.0) 

Nonnal + 0.013 +34 ± 42 -12 ± 21.2 
(7.3, 2.5-15.8) (1.6, 1.0-8.7) 

Supplemented + 0.025 +61 ± 55 +2 ± 115 
(8.3, 3.0-18.0) (1.5, ND-2.3) 

Phannacological + 0.25 +79 ± 64 +12 ± 29 
(9.5.3.8-18.1) (0.9, ND-2.4) 

Tetrahydrojuran: 

Control (0 %) 100 100 
(9.7. 2.3-14.3) (1.5, 0-4.0) 

0.013% +15 ± 58 -22 ± 39 
(9.4, 3.5-15.1) (l.4, ND-2.4) 

0.025% -12 ± 7 -33 ± 18 
(8.7,2.8-10.7) (1.3, ND-1.9) 



0.25% -4 ± 4 
(9.4, 2.6-15.5) 

-13 ± 13 
(1.0, ND-1.6) 

* Percentage Change of Means ± SE with actual means and ranges in parenthesis 
(pg/ml). 
t Statistically different (P<0.05) from control levels. 
ND Not Detectable 

DISCUSSION 

We attempted to use an in vitro model to mimic the plasma environment of 
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nonnal healthy individuals, supplemented, and phannacological levels of selenium and 

fi-carotene. The phannacological level of selenium used was less than blood levels of 

individuals experiencing chronic selenosis (3.2 J.l.g/ml) (Levander, 1985). The effects 

were then evaluated through functional type immune tests (cytokine production 

marker). NK cell cytotoxicity increased with a short tenn incubation (24 hours) of 6-

carotene. Previously Prabahala et al. (Prabahala, 1989) incubated human lymphocytes 

with 6-carotene solubilized in ethanol to note the effects on cell markers. He noted 

an increase in NK cell marker (CD 16+) with 72 hours incubation. Our study was 

different in that 6-carotene was solubilized in THF and incubate.d for 24 hours, yet 

showed enhanced function as a result of elevated 6-carotene levels. Both methods 

indicate enhanced immune function with short tenn fi-carotene incubations. The in 

vitro 6-carotene effects correlate with in vivo studies. Recently we supplemented 

elderly people with 45 mg fi-carotene/day and noted an increase in NK cell activity 

(Wood, 1994). 
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Previously, Nair et al. (Nair, 1990) noted NK cell cytotoxicity suppression by 

the addition of sodium selenite directly to the NK cell cytotoxicity assay. With cells 

incubated for 72 hours, this level was higher than our supplemented level yet not as 

high as the pharmacological level. We found suppression of NK cell cytotoxicity with 

sodium selenium (Figure 3.1). NK suppression by in vitro incubation of human 

lymphocytes with various concentrations of selenium has also been noted by Watson 

et al. (1986) These in vitro studies are contradictory to in vivo studies (Petrie, 1989; 

Talcott, 1984; Dimitrov, 1986) which indicated enhanced NK cell activity with 

supplemental selenium. One study noted an initial increase in NK cell cytotoxicity 

with the supplementation of 200 IJ-g sodium selenite per day for two weeks; however, 

when the plasma selenium levels increased above 0.12 IJ-g/ml, at which time there was 

a moderate suppression of NK cell activity. This may indicates that NK cell activity 

is enhanced at plasma concentration below 0.12 IJ-g/ml and suppressed above this 

level. The ill vivo vs. in vitro discrepancy warrants further investigation. 

Furthermore, selenium concentrations seem to be tightly controlled and the window of 

deficiency to toxicity seems to be very narrow. Small shifts in the plasma selenium 

concentrations may have significant effects on cellular activity. Another effect noted 

was increased production of prostaglandins with selenium exposure (Koller, 1986) 

which have been shown to have immunoregulatory effects. Such a prostaglandin 

increase can suppress NK cytotoxicity (Koller, 1986). Through the use of elevated 6-

carotene concentrations, the in vitro selenium-induced suppression of NK cell 



cytotoxicity was negated to a limited extent, indicating possible interactions which 

have not been noted previously. 
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Kiremidjian-Schumacher et a1. (Kiremidjian-Schumacher, 1990) supplemented 

mice with sodium selenite or torula yeast-based diets for 8 weeks. Selenium 

deficiency caused decreased lymphocyte proliferation, yet no significant effects were 

noted on cytokine production (IL-2 and IL-l). Supplemental selenium on the other 

hand increased monocyte derived cytokine--tumor necrosis factor-a (TNF-a) 

(Kiremidjian-Schumacher et aI., 1992) in mice. This suggests that selenium may have 

an in vivo modulatory action particularly on macrophage and monocyte function as 

found by Abdel-Fatth (1993). The effects of selenium and 6-carotene on IL-6 and IL-

8 have not been studied even though these cytokines play an important role in 

initiation of acute inflammatory and immune responses. Evaluation of these cytokines 

was performed as a means of noting the lymphocytes responsiveness. In that there 

was large variation between individuals no clear cut conclusions could be drawn; 

however, there was a trend towards increased responsiveness as a result of 6-carotene 

or selenium supplementation. 

In summary, we tried to model the in vivo plasma concentrations of 6-carotene 

and selenium in an in vitro system. A short term incubation of 13-carotene caused an 

increase in NK cell cytotoxicity while selenium suppressed NK cell activity. This 

selenium induced suppression could be overcome with the addition of 6-carotene. 

Also, both nutrients seem to show immunomodulating effects on cytokine production. 



These effects were not ascertained, possibly due to the large variation between 

individuals as well as a result of in vitro manipulations. Immunological changes 

noted may represent a portion of 6-carotene's and selenium's effects on cancer and 

disease prevention. 
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Preface: 

CHAPTER IV 

8-CAROTENE AND SELENIUM SUPPLEl\1ENTATION 

ENHANCES IMMUNE RESPONSE IN AGED HUMANS 

This Article is prepared to be submitted, Steven M. Wood, Ayako 

Yosioka, Hamid Darban and Ronald R. Watson, Am J Clin Nutr 

(1994) 
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ABSTRACT 

Research has focused on the effects of specific nutrients to cause or prevent 

cancer. While 6-carotene and selenium have cancer prevention capabilities their 

antineoplastic mechanism(s) remains to be completely elucidated. Therefore, we 

evaluated immunological effects in aged humans of a placebo, 6-carotene (45 mg/day) 

and/or selenium (400 p.g/day) for six months as well as after two months 

discontinuation. Peripheral mononuclear blood cells (PBMC) were subtyped using 

flow cytometry. Supplementation of selenium, and selenium with 6-carotene for three 

months caused an increase in total T cells by 27 % and 31 % respectively. The only 

group which was statistically different from the controls after six months 

supplementation occurred in the selenium supplemented group (+ 65 %). Much of this 

increase was the result of an increase in CD4 + T subsets with a decrease in cells 

without T, B, or NK cell markers. Selenium or 6-carotene supplementation for three 

months increased natural killer (NK) cell cytotoxicity over pretreatment levels by 58 % 

and 34 % respectively; however these levels returned to + 12 % and -6 % of 

pretreatment levels after six months supplementation. Selenium with 6-carotene 

supplementation caused an increase in lymphocyte percent of NK cell by 121 % and 

161 % at three and six months respectively. However, these increased numbers of NK 

cells were not correlated with NK cell activity. We found that selenium enhanced 

immune function (NK cell cytotoxicity) as well as phenotypic expression of T-subsets 

whereas 6-carotene only affected function. Therefore, supplemental selenium and 6-



carotene cause immune changes which could contribute to their antineoplastic 

prope11ies. 

INTRODUCTION 
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Cancer prevention research has focused on the effects of nutrition in general 

and specific single nutrient supplementation to cause or prevent cancer (Committee on 

Diet, Nutrition and Cancer, 1982). Carotenoids including l3-carotene, a provitamin 

which may be converted to vitamin A, prevent cancer in epidemiological studies 

(Peto, 1981; Zielgler, 1989) as well as slow, prevent or reverse tumor development 

in animals (Bendich, 1990) irrespective of their vitamin A activity. Selenium has also 

been associated with cancer prevention (Griffin, 1979; Salonen, 1984; Thompson, 

1984). 

Recently a vitamin and mineral supplement were associated with a decrease in 

cancer incidence (Blot, 1993). Although immune responses were not determined, one 

possible reason for decreased incidence may be enhanced immune response. Nutrient 

supplementation has been shown to enhance the immune response of elderly 

individuals (Penn, 1991; Chandra, 1992). Chandra noted that a group of elderly 

individuals who took a multivitamin and mineral supplement, that included l3-carotene 

(16 mg) and selenium (20 p,g), had fewer respiratory infections over a 12 month 

period (Chandra, 1992). 

Immune responses decline with age (Plewa, 1990; Wade, 1988) which may 

contribute to increase the risk of cancer. Also, elderly people are prone to marginal 



nutrient deficiencies including selenium. As carotenoids have been found in high 

concentrations in immunological cells (Puppels, 1993), we supplemented aged adults 

(over 60 years of age) for 6 months with 45 mg l3-carotene/day and/or 400 p,g 

selenium/day. Selected immune parameters were evaluated throughout the 

supplementation period as well as 2 months after supplementation was discontinued. 

This study was performed to investigate immunological changes with long- term 

supplementation of selenium and l3-carotene in healthy aged humans. 

SUBJECTS AND METHODS 

Study Populations 
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Healthy aged adults (over 60 years of age) volunteered and signed an 

informed-consent form (see APPENDIX B) to participate in this study which was 

approved by the University of Arizona Human Subjects Committee. Participants were 

screened to detennine eligibility by obtaining medical histories and nutrient 

supplementation infonnation as well as their own assessment of current physical well 

being. Participants taking high levels of nutrients in supplements or who had chronic 

illnesses such as heart disease, kidney disease, cancer or diabetes were excluded from 

the study. 

Participants were randomly assigned to receive placebo, 45 mg l3-carotene/day, 

400 p,g selenium/day, or 45 mg l3-carotene plus 400 p,g selenium/day. Participants 

were given a one month supply of capsules and instructed to take the supplements 

with meals. Toxicity was monitored monthly by clinical evaluations and monthly 
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questionnaires. Any capsules not taken were to remain in pill packets and returned on 

the monthly appointments, thus allowing a measure of compliance. Supplements were 

taken for six months and then discontinued for 2 months. Participants were randomly 

assigned to each group and started at various times throughout an eight month period 

as to minimize seasonal, technical and sample bias. 

Blood Collection and Lymphocyte Preparation 

Blood was collected in 10 mL trace mineral free, heparinized, blood collection 

tubes (Terumo Medical Corp., Elkton, MD) for selenium determination. One 4 mL 

small vacutainer tube containing EDTA (Becton Dickinson, Ruthford, NJ) was drawn 

for complete blood counts and white blood cell differential. Lastly, one 7 mL 

vaclltainer containing sodium heparin (Becton Dickinson, Rllthford, NJ) was collected 

for lymphocyte preparation. Blood was collected just before supplementation began. 

Two blood samples (3 and 6 months after initiation of supplementation) were obtained 

during supplementation and a third blood sample was obtained two months after 

supplementation had been discontinued. 

Complete blood counts and white blood cell differential counts were 

determined by an automated Coulter STAKS (Coulter Electronics, Miami, FL) while 

B-cells, NK cells, and T-subsets were determined on FACStarPius flow cytometer 

(Becton Dickins<?n, Mountain View, CA). 

Peripheral mononuclear blood cells (PBMC) were isolated by mixing whole 

blood with an equal amount of sterile phosphate buffer solution (PBS) and carefully 
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layering it upon lymphocyte separation medium (Organon Teknika Corp. Durham, 

NC). The tubes were centrifuged at room temperature at 400 x g for 20 min. The 

PBMC were aspirated and placed into a 15 mL centrifuge tube which was then filled 

with sterile PBS and centrifuged at 200 x g for 10 min. Cells were washed and 

centrifuged again, and then resuspended in RPM! 1640 (Gibco Laboratories, Grand 

Island NY) containing 10 % fetal bovine serum (lntergen, Purchase NY) and 100 

Units/mL penicillin and 100 ",g/mL streptomycin, complete medium (CM). PBMC 

concentrations were adjusted to 2 X 106 cells/mL. 

Dietary and Nutrient Analysis 

Plasma was collected after centrifugation of trace mineral free heparinized 

tubes. Plasma was placed in microcentrifuge tubes and kept in the dark at -20°C 

until analysis. Each subject completed a ACC Food Frequency Questionnaire<D (see 

APPENDIX C) that was developed and validated at the College of Medicine, 

Department of Family and Community, University of Arizona. 

Natural Killer Cell Cytotoxicity 

Natural killer (NK) cell cytotoxicity was measured by a modified fluorescent 

concentration release assay (Wierda, 1989). This method measures the fluorescent 

dye, Calcein AM (Molecular Probes, Eugene OR), remaining in the live target cells, 

K562 myelogenous leukemia cells, using the Pandex Fluorescence Concentration 

Analyzer (FCA) (lDEX, Portland Maine). The NK sensitive cell line K562, was 

established by Lozzio and Lozzio (Lozzio. 1975) and is highly sensitive as an in vitro 
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target for NK cell cytotoxicity. Target cells were washed twice with PBS and labeled 

with calcein AM. Effectors (PBMC) were placed in U-bottom cell culture plates 

(Falcon 3077, Becton Dickinson, Lincoln Park NJ) at 2xlOs, lxlO\ and 5x104 

cells/wells. Cell concentrations were performe.d in triplicate. Six wells contained 

either CM (spontaneous release) or 2 % Triton 100 (maximum release) as parameters 

of no cytotoxicity and complete cytotoxicity. Target, K562, cells were placed in 

each well (4x103 cells per well) and spun at 80 x g for 3 min to facilitate cell to cell 

contact. The cell culture plate was incubated at 37°C in a humidified 5 % CO2 

incubator for 3 h. After incubation, 50 J.d of 1 % inert fluoricon polystyrene assay 

particles were added to each well and mixed. One hundred p,L aliquot from each well 

were transferred to a Pandex Harvesting Plate (lDEX, Portland MN). 

Epifluorescence of each well was automatically detennined at 485/533 nm 

excitation/emission wavelengths for Calcein AM using the Pandex FCA. Specific 

cytotoxicity was calculated as follows: 

Mean Spontaneous Release-Mean Experimental Fluorescence x 100 
Mean Spontaneous Release-Mean Maximum Release 

Cell Preparation for Flow cytometry Analysis 

PBMC (lx106 cells/tube) were placed in four sterile 3 mL plastic tubes. 

Twenty p,l of specific SimuItest monoclonal antibodies by Becton Dickinson, San Jose, 

CA (Simultest T & B (Anti-leu-4 FITC & Anti-Leu-12 PE); Simultest CD4/CD8 

(CD4-FITC & CD8-PE); SimuItest (CD3-FITC & CD16+CD56(Leu-4/11c+ 19)-PE) 
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were added to labeled tubes. The last tube contained cells and received 20 Itl sterile 

PBS. Cells were slowly vortexed in the dark and placed on ice for 30 min. Cells 

were centrifuged and washed twice in cold PBS after which they were resuspended in 

0.5 mL of 1 % paraformaldehyde. Cells were analyzed on FACStar"lus flow cytometer 

(Becton Dickinson, Mountain View, CA) and Consort 40 software (Becton Dickinson, 

Mountain View, CA) in a bivariate fashion. Cells were gated for lymphocytes by 

size and granularity. Fluorescence was determined at 488 nm excitation and 530 or 

575 nm emission for phycoerythrin (PE) and fluorescein isothiocyanate (FITC) 

respectively. 

Diene-Conjugated Analysis 

As a method to evaluate in vivo lipid peroxidation process in the treatment 

groups, plasma diene-conjugated fatty acids were evaluated using Lunec's method 

(Lunec, 1985). Briefly, 10 ml of Folch solution (2:1 v/v chloroform:methanol) was 

added to a 0.5 ml plasma sample. After a phase separation, 2 mL of soluble fraction 

was dried in a steady flow of nitrogen gas at 5SOC. The samples were then 

redissolved in dichloromethane and washed twice with 2 ml of double distilled water. 

To the methylene chloride solution 2 ml methanol were added to clarify the emulsion. 

Diene conjugated fatty acids were determined by a Beckman DU-7 recording 

spectrophotometer at 237 nm. 
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Statistics 

Statistical analysis was perfomled using Number Cnmcher Statistical System 

(Hintze, 1987). The effects of supplementation are presented as percentage change 

from pretreatment levels. The differences were then determined for each time point 

and compared with the placebo group. Statistical differences (p<0.05) were 

detennined by one-way analysis of variance (ANOV A) with respect to treatments at 

each time point. Also, ANOV A was employed to note differences within groups over 

the time course of the study. When statistical differences were determined, Fishers 

Least Significant Differences was employed to identify those groups which were 

significantly different from the placebo group. 

RESULTS 

Participants' Characteristics 

Participants' (n=45) characteristics are noted by supplementation group in 

Table 4.1. No classical symptoms of toxicity (hypercarotendermia for B-carotene or 

garlicky odor to the breath of those supplemented with selenium) were noted. All 

groups had pill consumption compliance of 90 % or greater as determined by pill 

counts every month. There was a 22 % overall attrition rate, therefore, subjects 

included in statistical analysis included: placebo group 8, selenium group 8, B

carotene group 12, and combination 7. Effects based on gender were not evaluated. 

Dietary intake was very similar between all groups except for the group receiving 

both selenium and B-carotene (see Table 4.2). Statistically significant differences 
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(P< 0.05) occurred in the group that was supplemented with selenium and 6-carotene. 

Nutrients which were different included: energy, protein, fat, phosphorus sodium and 

fiber. Vitamin A was statistically elevated (supplementation not included) in the 6-

carotene group. No groups appeared to be below the Recommended Dietary 

Allowances (RDA) appropriate for age and in fact all groups consumed levels at least 

double the RDA for vitamin A and C. 



Table 4.1. Characteristics of participants by groups. 

Group n Males Females Age Smokes' 

Placebo 11 7 4 65.7 0 

Selenium 10 5 5 70.1 0 

6-Carotene 16 10 6 67.1 1 

Both 8 5 3 68.6 2 

>I< Smokes at least 1 cigarette per week 

t Those that drink ~ 6 oz glass of wine or 12 oz of beer per week. 

Overall mean age was 67.7 years. 
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Alcoholt 

8 

9 

12 

6 



Table 4.2. Average daily nutrient intake between groups (means ± SE). 

Nutrient Control Selenium B-Carotene 

Energy (kcals) 1712 ± 91 1726 ± 91 1533 ± 77 

Protein (g) 66.8 ± 3.6 63.0 ± 4.4 65.4 ± 3.4 

Fat (g) 58.9 ± 4.3 55.0 ± 2.2 52.3 ± 3.2 

Carbohydrate (g) 225 ± 12 231 ± 18 205 ± 7 

Calcium (mg) 852 ± 76 741 ± 62 942 ± 56 

Phosphorus (mg) 1355 ± 96 1221 ± 100 1306 ± 63 

Iron (mg) 12.0 ± 0.7 13.0 ± 1.0 13.4 ± 0.5 

Sodium (mg) 2414 ± 106 2729 ± 179 2675 ± 110 

Potassium (mg) 3083 ± 219 3249 ± 238 3130 ± 140 

Vitamin A (RE) 8679 ± 840 9326 ± 968 11,256± 5651" 

Thiamin (mg) 1.33 ± 0.11 1.29 ± 0.08 1.21 ± 0.05 

Riboflavin (mg) 1.75±0.16 1.57 ± 0.13 1.87 ± I. 10 

Niacin (mg) 16.0 ± 0.9 16.6 ± 1.3 15.6 ± 0.7 

Folate (p,g) 279 ± 24 277 ± 19 295 ± 16 

Vitamin C (mg) 179 ± 20 197 ± 18 173 ± 9 

Cholesterol (mg) 168 ± 10 151 ± 7 182 ± 16 

Fiber (g) 18.8 ± 1.3 20.8 ± 1.7 20.3 ± 0.7 

Alcohol (g) 6.4 ± 0.8 10.8 ± 1.8 6.8 ± 1.0 

*=Recommended Dietary Allowances 10th Edition 
t = Statistically different (p < 0.5) from the control group 
t=Not detennined 

Both 

1331 ± 22t 

50.6 ± 4.41· 

36.5 ± 2.8t 

154 ± 14t 

743 ± 72 

816 ± 781· 

10.9 ± 1.3 

1145 ± 144t 

2457 ± 176 

6339 ± 744 

1.03 ± 0.12 

1.70 ± 0.19 

15.0 ± 1.6 

254 ± 34 

201 ± 19 

180 ± 15 

13.2 ± 1.31· 

9.4 ± 2.3 
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Complete Blood Counts (CBC) and White Blood Cell (WBC) Differential Counts 

No changes due to selenium and/or 13-carotene supplementation were noted in 

CBC or WBC differential counts (Appendix D,E). Nor was there any statistical 

difference between pretreatment levels and any following time points with respect to 

each supplementation 

group. 

Lymphocyte Subsets (see Table 4.3) 

Selenium and 13-carotene increased the total percentage of T-cells from 

pretreatment (Figure 4.1). Selenium supplementation caused over a 50% increase at 

six months from pretreatment levels and continued to be elevated two months after 

supplementation was discontinued. The change in T-cells as a result of 13-carotene 

supplementation from pretreatment levels were statistically (p<0.05) different from 

the placebo group's T-cell change at six months of supplementation yet. The 

difference was attributed to the control groups decrease and not necessarily an 

increase from 13-carotene. There were no statistical differences in percentage of B-cell 

in any of the groups (data not shown). 
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Figure 4.1. Percentage change of total T-cells from pretreatment levels as a result 
of l3-carotene and selenium supplementation (means with horizontal bats 
SD). Supplementation lasted from 0 to six months at which time 
supplements were discontinued for two months and a flnal evaluation 
was made. Participants were supplemented with placebo(R), 
selenium(O), l3-carotene(e), selenium plus l3-carotene(D). Points 
marked (a) are signiflcantly (P<O.05) different from pretreatment 
levels. Points marked (b) have significant (P<O.05) change as 
compared to placebo group. 



Table 4.3 Lymphocyte subpopulations and natural killer cell cytotoxicity by 
groups and time, means (ranges) 

Groups Pretreatment 3 Months 6 Months 8 Months 

Placebo: 

T (%) 62 (32-76) 63 (16-77) 48 (21-71) 48 (21-62) 
CD4+ (%) 45 (21-59) 46 (12-61) 41 (18-53) 35 (18-51) 
CD8+ (%) 20 (11-31) 18 (9-25) 22 (8-62) 15 (8-22) 

B (%) 8 (4-22) 12 (6-23) 19 (5-46) 24 (14-46) 

NK (%) 13 (4-34) 12 (3-25) 17 (4-34) 9 (4-13) 
NK cytotoxicity 57 (37-71) 51 (28-82) 47 (24-65) 49 (43-55) 

Selenium: 

T (%) 36 (17-77) 41 (19-69) 56 (32-76) 56 (37-77) 
CD4+ (%) 30 (14-58) 43 (II-50) 49 (38-65) 41 (24-56) 
CD8+ (%) 16 (7-34) 10 (5-20) 17 (10-35) 16 (6-32) 

B (%) 5 (2-11) 3 (1-9) 8 (4-20) 8 (4-21) 

NK (%) 16 (9-29) 5 (2-14) 15 (6-26) 11(6-18) 
NK cytotoxicity 42 (35-49) 57 (35-72) 45 (25-66) 53 (37-67) 

jJ-Carotelle: 

T (%) 46 (16-61) 47 (20-66) 61 (27-74) 44 (26-78) 
CD4+ (%) 37 (I7-46) 38 (22-57) 52 (15-67) 42 (9-58) 
CD8+ (%) 17 (5-27) 13 (5-21) 12 (5-18) 12 (6-27) 

B (%) 9 (0-32) II (1-37) 10 (5-27) 10 (4-18) 

NK (%) 16 (2-34) II (2-26) II (5-24) II (2-34) 
NK cytotoxicity 46 (34-67) 57 (44-71) 43 (22-65) 54 (29-66) 

Both: 

T (%) 47 (16-77) 57 (32-76) 55 (18-72) 37 (12-63) 
CD4+ (%) 37 (17-50) 42 (31-53) 42 (20-56) 33 (19-40) 
CD8+ (%) 17 (6-28) 16 (9-28) 17 (10-30) 8 (5-11) 

B (%) 5 (3-8) 7 (2-12) 10 (3-20) 10 (4-20) 

NK (%) 9 (2-32) 13 (7-21) 18 (18-32) 8 (5-14) 
NK cytotoxicity 53 (43-67) 51 (38-63) 53 (43-59) 51 (40-65) 
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In noting changes in helper and suppressor/cytotoxic subsets of T-cells there was a 

statistical increase in CD4 + in the selenium supplemented group (Figure 4.2) with no 

significant change in CD8+ as a result of selenium or B-carotene supplementation. 

The increase in CD4 + was sllstained even after cessation of the supplementation. 

Little variation was noted in the placebo group while those receiving supplements had 

more variation in terms of changes in the percentage of CD4 + cells. 
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Figure 4.2 Percentage change of CD4 + T-cells from pretreatment levels as a result 
of 6-carotene and selenium supplementation (means with horizontal bars SD). 
Supplementation lasted from 0 to six months at which time supplements were 
discontinued for two months and a final evaluation was made. Participants were 
supplemented with placebo(.), selenium( 0), 6-carotene(.), selenium plus 6-
carotene(D). Points marked (a) are significantly (P<O.05) different from 
pretreatment levels. Points marked (b) have significant (P<O.05) change as 
compared to placebo group. 
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NK Cells 

The combined effects of l3-carotene and selenium supplementation dramatically 

affected NK cell percentage change from pretreatment. The increase corresponded to 

the supplementation period and decreased to the pretreatment levels by 2 months post 

supplementation. However, selenium or l3-carotene alone had little effect on the NK 

cell population (Figure 4.3a). The percent of NK cells in the lymphocyte population 

had little correlation with NK cell activity (r=0.1516) see Figure 4.3b. Three 

different ratios of lymphocytes to target cells were analyzed (50: 1, 25: 1, and 12.5: 1) 

for NK cell cytotoxicity, as they all had a similar patterns, only the 50: 1 is presented. 

NK cell activity was enhanced with three month selenium supplementation yet 

decreased after six months and then seemed to rise once supplementation was 

discontinued. The selenium and l3-carotene groups had the lowest pretreatment (see 

Table 4.3, and APPENDIX F-I) cytotoxicities and upon supplementation the rise at 

three months is similar to the placebo and selenium plus l3-carotene treated groups. 
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Figure 4.3. Percentage change of a. Natural Killer cells and b. Natural Killer cell 
activity from pretreatment levels as a result of 13-carotene and selenium 
supplementation (means with horizontal bars SD). Supplementation lasted from 0 to 
six months at which time supplements were discontinued for two months and a final 
evaluation was made. Participants were supplemented with placebo(_), 
selenium(O), 13-carotene(_), selenium plus 13-carotene(O). Points marked (a) are 
significantly (P< 0.05) different from pretreatment levels. Points marked (b) have 
significant (P<0.05) change as compared to placebo group. 
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Diene Conjugates 

As l3-carotene is an antioxidant nutrient (Bendich, 1987) and selenium is an 

essential element in an antioxidant enzyme (Burk, 1990) we evaluated the effects of 

these nutrients on diene conjugates levels in plasma (Figure 4.4). Only selenium 

demonstrated a lowering effect of plasma diene conjugate concentrations with a 

decreasing trend that persisted two months after supplementation. l3-carotene pIlls 

selenium supplementation caused a response similar to the selenium supplemented 

group. 
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Figure 4.4. Plasma diene conjugates (means with horizontal bars SD). 
Supplementation lasted from 0 to six months at which time supplements were 
discontinued for two months and a final evaluation was made. Participants were 
supplemented with placebo(_), selenium(O), 13-carotene(e), selenium plus 13.
carotene(D). Points marked (a) are significantly (P<O.05) different from 
pretreatment levels. 
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DISCUSSION 

Our results indicate that long-term supplementation with l3-carotene and 

selenium in aged adults cause changes in lymphocyte populations and function. These 

changes may represent a portion of l3-carotene's and selenium's effects in cancer and 

disease prevention. One of the most intriguing findings was the elevation in NK cell 

cytotoxicity after three months of selenium or l3-carotene supplementation. It is 

important to point out that the two groups which increased in NK cell cytotoxicity 

(selenium or l3-carotene supplemented groups) initially had the lowest NK cell 

cytotoxicity. Prolonged supplementation, for six months, appeared to nonnalize NK 

cell activity to pretreatment levels. However, upon discontinuation of the 

supplementation there was a rise in NK cell cytotoxicity in both the selenium and 13-

carotene supplemented groups while the l3-carotene plus selenium group was 

unchanged throughout the study. Our study confirmed others' finding of increased 

NK cell cytotoxicity after short term supplementation of selenium (Dimitrov, 1986; 

Petrie, 1989; Koller, 1986; Talcott, 1984;) or l3-carotene supplementation (Leslie, 

1982; Prabhala. 1991). However after long term supplementation of high levels of 13-

carotene or selenium there was a return or normalization to pretreatment levels of NK 

cell cytotoxicity. We interpret this to indicate either a toxic threshold of high 13-

carotene or selenium intakes or a homeostatic response to the elevated NK cell 

activity. The latter is supported by the observation of increased NK cell cytotoxicity 

once supplementation was discontinued. This study helps to provide insights as to 
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immunological changes over a long period and using multiple nutrient supplements. 

There were no synergistic effects of selenium plus l3-carotene on NK cell cytotoxicity, 

however, interestingly the percentage of NK cells markedly increased with the 

supplementation of l3-carotene with selenium. NK cell cytotoxicity is a component of 

cancer immunosurveillance and has been a prognosticator in ovarian (Garzetti, 1993) 

and squamous cell carcinoma (Vaquer, 1990) of uterine cervix. NK cell activity may 

also be an indication of the "effectiveness" of cell-mediated immunity. NK cells have 

been affected by exercise (Nieman, 1993), age (Tilden, 1986; Facchini, 1987) and 13-

carotene supplementation (Prabhala, 1989). Tilden et al. (1986) noted increasing 

effects with aging on NK cytotoxicity while others found an age related decrease 

(Facchini, 1987) or no change at all (Thompson, 1984; Lighthart, 1989). We 

confirmed the enhanced NK cytotoxicity with short-term selenium supplementation 

found in animal studies (Talcott, 1984; Leslie, 1982) as well as enhanced NK cell 

activity in humans supplemented with 200 /tg selenium/day (Divitrov, 1986). Our 

finding of a return to pretreatment levels after long-term supplementation indicates 

other immunological effects which have not been previously reported. 

Selenium increases immunological functions in elderly subjects (Peretz, 1991) 

and our data shows that selenium affects the immunostimulatory properties of an 

elderly popUlation through lymphocyte function. The subjects included in this study 

seemed to have an adequate dietary intake yet expressed enhanced immune 

responsiveness to nutrient supplementation. It is possible that an elderly population 
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with marginal dietary intake may show a more dramatic effect, yet that remains to be 

determined. Selenium supplementation (400 J).g/day for 2 weeks) also increased 

polymorphonuclear leukocyte phagocytosis (Greenman, 1988). The effects of long

term selenium supplementation are largely understudied. Animal studies indicated 

immunomodulation by selenium via the enhancement of NK cell activity in rats fed 

high levels of selenium (Talcott, 1984). 

Selenium increased the percentage of total T-cells in lymphocytes after six 

months of supplementation due to increases in CD4 + (T·helper/inducer) cells. There 

was no change in total Tor CD8+ T-subsets as a result of B-carotene supplementation 

as found in aged adults supplemented with 15-60 mg B-carotene per day for 2 months 

(Watson, 1991). They also noted an increase in CD4 + T cells as did Alexander et al. 

(1985). These studies used short -term supplementation for 2 months and 2 weeks 

respectively while our study provided six-months of supplementation. The long-tenn 

supplemented participants were 67.7 years of age while Alexander's study (1985) 

study included participants between the ages of 20-40. Similarly, Chandra (1992) 

found that aged adults, supplemented with a multivitamin supplement containing 

selenium and 6-carotene for 12 months, increased the T-cell populations, CD4 + T

cells and NK cell activity. On the other hand, Poppel et al. found no effect on the 

lymphocyte subpopulations of healthy male smokers as a result of 6-carotene 

supplementation (14 weeks) (Poppel, 1993). They noted that B-carotene enhanced 

proliferative cell responses (functional response). Elevated T and CD4 + levels raised 
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during the supplementation stage of the selenium group continued to be elevated two 

months after the supplements were discontinued, indicating sustained effects that last 

at least two months post treatment. 

Antioxidants can protect tissues including immune tissues, and most 

specifically fatty acids in cell membranes from oxidative damage. Oxidation has been 

a factor in the development of many disease states such as cancer, cardiovascular 

disease and cataracts. Diene conjugates have also been used as an in vivo method for 

a reliable marker for free radical damage (Cawood, 1983). Diene conjugates fonn 

from free radical reaction with polyunsaturated fats which can be interrupted by 

antioxidants. We noted a decrease in diene conjugates in those receiving selenium, 

while B-carotene supplementation caused large variation in diene conjugation. These 

findings indicate that both nutrients may modulate oxidation products and warrants 

further investigation. 

In summary, selenium enhanced cell function (NK activity) as well as 

phenotypic expression of T-subsets whereas B-carotene only affected function. These 

changes seemed to be dependent upon the length of supplementation. There was no 

synergistic effect of B-carotene and selenium on function. Very high levels of 

nutrient supplementation (B-carotene and selenium) increased NK cell activity; 

however, only lasted for a short period. 
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HYPOTHESIZED IMMUNOLOGICAL MECHANISMS OF 6-CAROTENE 

Observations on the immunological effects of /3-carotene have included 

increased NK cell cytotoxicity and changes in lymphocyte subset numbers. Previous 

studies have focused on short-term effects or have noted the long-term effects on 

cancer development. Relatively little attention has been given to mechanistic studies 

of /3-carotene. This has been the result of inappropriate animal studies, lack of 

immunological reagents or technical tools. Previous work, in animals, has not taken 

into account the fact that absorption and utilization of /3-carotene is quite different 

between humans, rodents and other animal models (Gugger, 1992; Beeson, 1965; 

Snoderly, 1990; Huang, 1965; Krinsky, 1990). And development of immunological 

technologies have only recently been available such as monoclonal antibodies, 

flowcytometer and highly sensitive EUSA assays. All of which have increased our 

understanding of /3-carotene and its effects on immune response. And lastly, in vitro 

immunological studies have been hampered by the inability to maintain high levels of 

/3-carotene in cell culture due to its hydrophilic nature. As a means to get around this 

problem researchers are utilizing liposomes and THF to unravel specific 

mechanisms. The purpose of this dissertation was to investigate high concentrations 

of /3-carotene's in vitro and in vivo with respect to immune response using a variety 

of the fore mentioned methods and technologies. 

The conversion of /3-carotene to retinol is always a possibility of its effects on 

the immune response. This is due to the fact that retinol plays a role in 
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differentiation and proliferation of cells (Poppel, 1993). Currently it is thought that 

retinoic acid is transported to the nuclear membrane and a specific receptor is 

activated thus causing changes in signal transduction and changes in cyclic-AMP 

concentrations. This cellular process may be a means of control and could be 

involved in inducing such regulatory proteins as cytokines. In the studies presented it 

was noted that a short-incubation (24 hours) of human lymphocytes showed a trend of 

enhanced production of "marker" cytokines. The added B-carotene may cause 

cytokines to be produced more quickly or it may play a role in the control process of 

cytokine production. Also, along the lines of cytokines, Abril et al. (1989) noted 

that B-carotene added to lymphocyte cell cultures caused the secretion of a "novel" 

cytokine capable of causing cytolysis of several human tumor cell lines. Thus 

indicating, that not only does B-carotene enhance cytokine production but it may also 

be involved in the secretions of specific cytokines which cause lysis of tumor cells. 

Previously, Alexander et al. (1985) noted increased in vitro NK cell activity 

of cells incubated with B-carotene. In vitro incubation of monocytes with B-carotene 

has shown increased responsiveness to gamma interferon. Both facts point to B

carotene's role in increasing immune cells responsiveness or increased interaction with 

other immune cells. Both of these processes would enhance the immune response's 

effectiveness. As a means to evaluate this possible mechanism it is important to 

realize that B-carotene is lipid soluble. Considering this solubility, B-carotene is a 

component of the cellular membrane. Situated in the cellular membrane, B-
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carotene may increase membrane fluidity thus allowing enhanced interaction between 

lymphocytes and other immune cells as well as target cells ie., malignant cells. 13-. 

carotene protects unsaturated lipids found in cell membranes from oxidation, and thus 

prevents functional changes in cell membranes or receptors. Immuno-enhancing 

properties of l3-carotene include quenching of lipid peroxides through antioxidant 

properties. This specific quenching is important to the immune response because lipid 

peroxides have been shown to be immunosuppressive. Other possible mechanisms 

include the alteration of arachidonic acid metabolism, stabilization of lysozyme 

membranes and also the protection of nuclear stmctures (Poppel, 1993). 

Recently cell communication channels (gap junctions) have recently been 

shown to be affected by 13-carotene (Zhang, 1991; Bertram 1991). Gap junctions are 

communication pathways which are enhanced with 13-carotene supplemented in cell 

culture media thus lending to enhanced communication between cells as a result of 13-

carotene. Carotinoids have also been shown to regulate gene expression of proteins 

important as receptors in gap junctions (Zhang, 1992) and this activity is unrelated to 

its provitamin A or antioxidant activities. And finally both 13-carotene and retinol 

may affect cell membranes by altering glycoprotein synthesis or receptors thereby 

changing cell to cell interaction or fUllction and cell membrane permeability. 

Therefore, 13-carotene seems to have various sites of immunological action for 

enhanced immune function all of which until very recently were uninvestigated. 
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HYPOTIIESIZED IMMUNOLOGICAL MECHANISMS OF SELENIUM 

The major thrust of selenium research has focused on selenium's role in the 

antioxidant enzyme system of glutathione peroxidase. This enzyme is particularly 

involved in metabolism of hydrogen peroxide (Koller, 1986). Another enzyme, 

phospholipid glutathione peroxidase, is involved in microsomal lipid peroxidation and 

contains selenium. This enzyme is important in metabolizing fatty acid 

hydroperoxides. Not much work has been performed to note other functions of this 

enzyme; however, it may be postulated that this enzyme is important in stabilizing 

cellular receptors or preventing the oxidation of such structures. The influences of 

lipid peroxidation as a immunological cell mediator remains unexplored; however, 

supplemental selenium decreases the lipid peroxide products and thus prevent any 

immunosuppression of these products. Another protein, selenoprotein P (Burk, 

1990), is a protein which is made in the liver and secreted into the plasma. The 

purpose of this protein is not understood yet is inducible by dietary selenium. This 

enzyme may be a selenium transport protein and there is evidence that certain cells 

have receptors for this protein (Motchnik, 1987). Indicating that this selenium 

containing protein is important for a specific biological process. 

Previously proposed functions of selenium in the cells of the immune systems 

include 1) reduction of peroxides and environmental initiators of free radicals, 2) 

metabolism of hydroperoxides that may lead to potent immunoregulatories (lipoxins, 

thromboxanes, prostaglandins, and leukotrienes, 3) modulation of oxidative burst and 
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its by-products by phagocytic cells. From the studies included in this dissertation it 

was noted that selenium played a role in enhancing NK function as well as phenotypic 

expression of specific immune cells. Previously it has been shown that adequate 

levels of selenium are required for proper functioning of the immune response 

(Kiremidijian-Schumacher, 1987). Selenium deficiency causes decreased activity by 

neutrophils and macrophages. Also, dietary selenium levels above the recommended 

concentrations required to sustain growth in mice have caused enhanced NK cell 

activity. Supplemented selenium has also be~n shown to modulate PG~. 

It appears that no single mechanism is responsible for selenium's 

chemopreventive action. It must also be pointed out that selenium may be supplied in 

the diet in various forms, inorganic and organic forms. "The structures of selenium

containing foods are largely unknown (EI-Bayoumy, 1991)." This also raises a 

question as to the effective form in selenium's immunoregulation. Typically, in 

animal and ill vitro studies selenium is supplemented in an inorganic form whereas 

humans typically ingest selenium in an organic foml. This may explain some of the 

discrepancy noted in immunological studies. In the ill vitro portion of this study, 

sodium selenite was added to cell culture media and suppressed NK cell activity. 

The 24 hour incubation period may not have been adequate for the lymphocytes to 

incorporate and utilize selenium in an inorganic form. Selenium supplied in an 

organic form, such as the case with the ill vivo portion of the experiments, selenium 

seemed to enhance NK cell activity. Thus, the form in which selenium is presented 



to the cells and their respective biological activity may help to elucidate the 

immunological mechanism and identify their chemopreventive properties. Another 

possible rational for selenium's suppression of NK cell activity is that initially 

selenium causes an increased production of prostaglandins (PG) (Koller, 1984). 

Production of (PG~) causes a suppression of NK cell cytotoxicity. Thus adequate 

selenium is important for immune surveillance yet further investigation, as to the 

specific fonus and dosage, needs to defined as to their effects on one's immune 

response and providing optimal health. 
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OVERALL CONCLUSION AND DIRECTIONS FOR FUTURE STUDIES 

A number of recent studies have indicated that elderly populations are some of 

the highest risk groups for nutrient deficiencies. When corrected, even partially, 

there is an improvement in many immune responses. B-carotene and selenium pJay 

important roles in preventing oxidative damage within the body. The Iitemture 

review cited here indicate that both compounds have antineoplastic properties. I 

propose that supplemental B-carotene and selenium have the ability to enhance 

immune function. To evaluate their immunological effects, an ill vitro model was 

designed as well as dietary supplementation of elderly humans was perfonned. B

carotene enhanced human lymphocytes activity, particularly NK cytotoxicity in both 

an ill vitro and ill vivo model. Selenium supplementation enhanced human lymphocyte 

functions and also increased immunological cell population in vivo. On the other 

hand, sodium selenite added to PMBC III vitro suppressed NK cell activity. Selenium 

plus B-carotene caused an increase in NK cell number. New research applications 

included in this work were: 1. long-term supplementation of B-carotene or selenium 

and evaluation of their effects on immune responses, 2. combination of multiple 

supplementation together and evaluation of synergistic effects, 3. performing new 

approach to evaluate NK cell activity, 4. new approach of solubilizing B-carotene for 

in vitro studies, 5. in vitro model design to investigate nutrient plasma concentmtions 

and their effects on immune function 6. evaluation of nutritional effects on "marker" 

cytokines, IL-6 and IL-8 in vitro. 
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Recommended areas of future studies should included lower concentrations of 

nutrients continued over a long period. There is also a need to evaluate the 

effectiveness of these compounds in a population of overtly suppressed immune 

systems ie., trauma patients or mv infection. The studies included in this 

dissertation demonstrated immunomodulation in a relatively healthy population and it 

can only be speculated that a more dramatic effect would be realized in an 

immunosuppressed population. Also, the immunomodulatory effects in future studies 

need to be evaluated and correlated with clinical outcomes. Not until such studies are 

undertaken will we be able to ascertain specific actions of these nutrients and be able 

to recommend nutrient supplementation as methods of disease prevention; however 

there is sufficient information that diets with high levels of fruits and vegetables 

containing 13-carotene are protective from various diseases. On the other hand some 

of the most dramatic immunological effects occurred in the group receiving selenium. 

This warrants further study yet caution is warranted at high levels of selenium 

supplementation because there is a very narrow window between deficiency and 

toxicity. In conclusion, both selenium and B-carotene immunological enhancing 

properties when supplemented to humans at levels much higher than the 

Recommended Dietary Allowances. This provides some insights in terms of 

anticancerous properties of selenium and 13-carotene yet implies many other questions 

as to dosage, impact with respect to clinical outcome and duration of supplementation. 
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APPENDIX A. Molecular Structures of J3-carotene and Canthaxanthin 
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APPENDIX B. Immunological Methods: Natural Killer Cells 

This article was published in In Vitro Methods of Toxicology. Chapter 

5. Guan-jie Chen, Steve Wood, and Ronald R. Watson. Modulation by 

drugs and measurement of natural killer cell activity. CRC Press, Boca 

Raton, 1992. 
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INTRODUCTION 

Since the early 1970's, it was recognized that a subpopulation of lymphocyte 

from normal humans or mice could kill cultured tumor cell lines (Takasugi, 1973; 

Rosenberg, 1974; Pross, 1975; Peter, 1975; Matthews, 1975; Kiessling, 1975; 

Kiessling, 1975a; Herberman, 1975). These were, therefore, labeled "Natural Killer 

cells" (NK cells). NK Cells have some unique characteristics which differ from other 

killer cells: 1. Ability to kill without prior sensitization; 2. No MHC (Major 

Histocompatibility Complex) recognition (Kaphan, 1980; Seeley, 1978; Ortaldo, 

1977; Ortaldo, 1979) 3. Ability to lyse culture cells in a short-term assay (Ortaldo, 

1982). 4. Possession of a pattern of specificity against target tumor cells. NK cells 

have been shown to react with a wide variety of in vitro passaged cells as well as in 

vivo transplanted or explanted tumor cell. They can destroy autologous or syngeneic, 

as well as allogeneic tumor cells (Ortaldo, 1982). 

It is not clear whether NK cells make up a unique cell population or members 

of several distinct cell linages. NK cells may be early or pre-thymus T cells (Pollack, 

1986; Brooks, 1982) and may be closely related to the myeloid series. Natural killer 

cells are a distinct population of cells with lymphoid morphological features in 

humans (Timonen, 1981), mice (Liuni, 1981), and rats (Reynolds, 1981). The 

feature of large azurophilic granules has elicited the term "large granule lymphocyte" 

(LGL) as means of identifying these cells. LGLs comprise about 5 per cent of 

peripheral blood lymphocytes. These cells can be enriched on percoll density gradient 
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so that up to 80 percent are NK cells (Timonen, 1980; Timonen, 1981; Timonen, 

1982). The peripheral blood and spleen are the major sources of NK cells with 6-7 

and 3-4 percent of lymphocytes respectively as NK cells (Reynolds, 1986). The NK 

cells are found in the red pulp of the spleen, while T cell recirculation is localized in 

the white pulp. 

In the past, NK cells have been identified in a negative way, as those cells 

which are neither T cells, B cells or macrophages. However, due to the development 

of the monoclonal antibody technique, some unique NK cell markers have been 

found. For human NK cells, B73.1 and 3G8 which recognize the FeR (Receptor for 

fragment C of IgG) (Fleit, 1982; Perussia, 1983; Perussia, 1983a), while others 

recognize CR3 (C3bi) (Kay, 1980), and HNK-l (Leu-7), which were produced by 

immunizing with purified LGL (Abo, 1982). For mice NK cells are identified by 

NKl-1 (Tam, 1980), and asialo GM which was proven to be related to the function of 

NK cells (Reynolds, 1981). Kay and coworkers (Kay, 1977) found that only 50 % of 

NK cells have SRBC receptor. No one surface marker for NK cells has been found, 

NK cells also contain markers of T cells and monocytes. Therefore, many but not all 

LGL are NK cells. 

The mechanism of NK cytotoxicity shares similarities to cytotoxic T 

lymphocyte (CTL). The currently accepted hypothesis includes five steps 

(Herberman, 1985): (Takasugi, 1973) binding to the target cell through a NK cell 

receptor which recognizes particular structures on target cells; (Rosenberg, 1974) 
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triggering and activating of intercellular processes in the NK cells (Saksela, 1982); 

(Pross, 1975) release of some granules which contain substances like cytotoxic factor 

(NKCF) (Wright, 1981); (Peter, 1975) cytolysin molecules for example NKCF bind 

to the target cell and; (Matthews, 1975) lysis of target cell. 

NK cells' activity plays an important role in tumor surveillance, as lower 

activity related to higher incidence of tumors development (Strayer, 1984). NK cell 

activity is related to the anti-tumor host defenses during primary-tumor growth 

(Heberman, 1978; Kiessling, 1979), metastatic growth (Gorelik, 1982; Hanna, 1981), 

as well as to spontaneous tumor metastasis (Talmadge, 1980; Hanna, 1982). Beside 

the antitumor activity, NK cells show resistance to various microbial pathogens. 

Some virus are sensitive to NK activity (Bukowski, 1984; Ebihara, 1984), while 

other viruses are NK cell resistant (Welsh, 1984; Welsh, 1980). Although direct NK 

cells attack on parasites is not an imp0l1ant mechanism Fugui and Allison found both 

an increase in spleen cell number and NK cell activity in mice inoculated with babesia 

or malaria parasites (Eugui, 1980). NK cells playa role in early resistance against 

parasite by limiting the degree of parasitemia before the development of the necessary 

T cell immunity (Clark, 1974; Hunter, 1981). Parasite infection result in an early, 

substantial elevation of NK cells activity in the spleen and peritoneal space. There is 

a strong possibility that the activated NK cells might be very effective against the 

invading parasites through collaboration with a specific antibody, in the antibody

dependent cellular cytotoxicity (ADCC) (Hunter, 1981). 
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NK cells can also destroy some bacteria, both by direct lysis or though ADCC 

mechanism (Nencioni, 1983; Tagiabue, 1983; Tarkanen, 1986). Although 

monocyte/macrophage play an impOltant role against fungi infection NK cells also 

have potential role against fungi (Murphy, 1982; Hidore, 1986; Lotzova, 1986). 

NK cells like other T cells function in the intercellular reaction network. They 

have been shown to be involved in the regulation of Immunoglobulin secretion and 

differentiation of B cells (Abrnrzo, 1983; Arai, 1983). Furthermore, these cells 

produce soluble mediators and cytokines to affect the functions and differentiations of 

other cells (Abmlzo, 1983). NK cells influence immunoglobulin secretion (Arai, 

1983). Several kinds of cytokines can be produced by NK cells including include 

interferons (lFNs) (Kasahara, 1983), interleukin-l (lL-l) (Scala, 1984), interleukin-2 

(lL-2) (Kasahara, 1983; Domzig, 1982), B cell growth factor (BCGF), now called IL-

4, (Heverman, 1983), colony stimulating factor (CSF) (Kasahara, 1983) and NKCF 

(Wrights, 1982). Also NK cells can response to various agents including, cytokines, 

microbial challenges, and other environmental agents. 

IFNs have been related to increased NK cell activity (Herberman, 1977; 

Welsh, 1981) as well as vinrs (RNA and DNA vinrs) infection (Welsh, 1981). 

Gidlund and coworkers (Gidlund, 1978) reported that the effect of viral infection on 

NK cells activity is mediated through the increase IFN-I" Interferon has two major 

effects in viral infected animal: 1. increasing NK cells activity to lyse vinrs infected 

cells, 2. protecting the uninfected cells (Trinchieri, 1978; Trinchieri, 1981; Weish, 
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1981; Moore, 1980). 

Ullberg et al. (Ullberg, 1981) have reported IFN-a increases NK cells 

recruitment from a pre-NK cells precursor pool as well as increases in lytic or 

recycling cell capacity. However, others found that IFN-a added ill vitro up to 48 h 

incubation T cells decreased the percentage of FeR + cells and decreased E-rossetting 

cells, and no change was found in EAC-rossetting cells (Fridman, 1980). Thus IFN

a may decrease the expression of NK cells phenotype. Another cytokine, IL-2, has 

been shown to increase NK cells activity (Ortaldo, 1984; Weigert, 1983; Lattime, 

1983). Prostaglandins (PG) ~ have been shown to inhibit NK cell activity in cells 

treated with interferon (Droller, 1978; Lang, 1982, Kendall, 1980). 

In addition, NK cells activity can be modulated by different drugs such as 

morphine, cocaine and alcohol. But there are conflicting results of the effects of 

those drugs on NK cells activity and results are difficult to interpret. In human 

studies, NK cells incubated with 6-endorphine, which is endogenous morphine, 

presented an increase in the cytolytic activity (Mettews, 1983; Froelich, 1984; 

Mandler, 1986; Kay, 1987). However, other found that human cells incubated with 

6-endorphine reduced the NK cells activity by half (Prete, 1986). They also found 

that opioid-mediated suppression of IFN-r production by cultured peripheral blood 

mononuclear cells (PBMC), which is a strong NK cells activity stimulus (Peterson, 

1987). This result supports the decreasing effect of morphine on NK cells activity. 

In animal studies, conflicting results are also noted. Shavit and his co-workers 
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(Shavit, 1984; Kraut, 1986) found that in vivo administration of morphine for 4 days 

reduced the spleen NK cells activity, which could be blocked by opioid antagonist 

naltrexone. However, Kraut (Kraut, 1986) found morphine increased NK cells 

activity of splenocyte. 

Cocaine significantly decreased NK cell activity in human cultured 

lymphocytes, but only in a high dose (500 times greater than physiological achievable 

levels). In vivo, single dose of cocaine injection (0.6 mg/ml) significantly stimulated 

NK cell activity and total cell number (Dyke, 1986). Ethanol can increase NK cells 

activity in human (Saxena,1980; Mutif, 1989; Rice, 1983), however, decreased NK 

cell activities have been associated with ethanol consumption (Ristow, 1982; Nair, 

1989). Ethanol induced changes on NK cell activity may occur via the neural system 

(Petitto, 1990). 

Due to the imp011ant role of NK cells in the immune system, reliable assays in 

vitro to detect NK cells activity have been developed and improved recently. 

METHOD OF IN VITRO NK CELLS ASSAYS 

Summary of Assay 

Natural Killer cell cytotoxic activity is assessed by its action upon target tumor 

cells (humans K562 and murine Y AC-l). The K562 cells are derived from a patient 

who was in blastic crisis of leukemia. Y AC-I cells are a linage of Moloney vims 

induced lymphoma. The target cell is pre-labeled with radioisotope (Crt) or 

fluorochrome (2', T-bis(carboxyethyl)-5,6-carboxyfluorescein "BCECF"), then various 
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proportions of NK cells effector cells and target cells are mixed and incubated. 

During the incubation, as the NK cells destroy the label target cells, radioisotope or 

fluorescence is release into the supernatant. The amount of radioisotope, actually the 

counts of cpm in the supernatant, or the concentration of the fluorescence remaining 

in the target cells is quantified and reflects natural killer cell activity. 

Cell preparation must be performed appropriately because monocyte populations and 

PMNs may suppress NK cell cytotoxic activity and erythrocyte contamination may 

enhance the cytotoxicity. 

Classical 4-h CrS1 Release Assay 

Materials and Equipments 

Cell lines : K562 or Y AC-l (ATCC) 

Cell culture flasks (Falcon) 

HBSS solution (Gibco) 

Fetal calf serum (Gibco) 

RPM! 1640 medium with L-glutamine (Gibco) 

Sodium chromate (NEN, 1.0 mCi/ml, 37.0 :MBq/ml) 

Microtiter plate, U-bottom 96 wells. (Falcon 3077) 

37 C CO2 incubator with 5 % CO2 (VWR) 

37 C water bath (VWR) 

Gamma counter 

Centrifuge (Beckman TJ-R) 



Multichannel pipet (Costar 8-channel fixed volume) 

Luminar flow hood (Labconco, Class IT) 

Microliter pipette tips (Rainin) 

Microscope (Reichert - Jung) 

Hemacytometer chamber (Baxter) 

1 % NP-40 (Sigma) 

Trypan Blue dye (Sigma) 

LSM lymphocyte Separation Medium (Drganon Teknika) 

0.01 M PBS 

Petri dish (Falcon 3002) 

Ether 

Scissors 

Forceps 

70 % ethanol (v/v) 

Pasteur pipet (VWR) 

Lysing butter (ammonium chloride, Tris-buffer) 

15 ml and 50 ml centrifuge tubes (Falcon 2095, and VWR) 

Blood collection tubes (Becton Dickinson) 

126 



127 

Procedure 

NK cells collection 

NK cells from different tissue source may be used as NK effector cells. Here we 

describe the procedures of collection of NK cells effector cells human peripheral 

blood monocytes separated using separation medium and from mouse splenocytes 

single cell suspension as the examples. 

A. Separation of human peripheral blood monocytes: 

1. Coated plastic petri dishes with fetal calf serum overnight. 

2. Take blood sample from vein into blood collecting tube which 

contained sodium heparin (Becton Dickinson). Dilute blood 

with equal amount of PBS. 

3. Layer diluted blood carefully on top of Lymphocyte Separation 

Medium LSM . The ratio is 2:3 (separation medium: diluted 

blood). 

4. Centrifuge the sample at 700 g for 20 minutes The monocytes 

band is removed by first carefully aspirating down to within 2-3 

mm above the band and throwing the top layer away, then 

aspirate the band plus half of the fluid below the band. Place the 

monocytes in to a 50 ml centrifuge tube and add equal volume 

of PBS. Mix gently by inversion and centrifuge at 400 g for 10 

minutes. 
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5. The cells are washed again with PBS and resuspended in 

appropriate volume of RPM! 1640 medium (containing 10% of 

fetal calf semm) and distributed on the petri dishes which were 

pre-coated with fetal calf semm. 

6. Nonadherent cells are removed from coated petri dish after one 

hour of incubation. 

7. Nonadherent cells are counted under microscope using Trypan 

Blue dye exclusion and adjust to desired concentration. 

B. Preparation of murine single splenocyte suspension: 

1. Sacrifice the ether anesthesitized mice by bleeding from axillar 

vein under ether anesthesia. 

2. Place the spleen in the petri dish which contains RPM! 1640 

medium. 

3. Gently tearing the spleen with sterile forceps in petri dish make 

single cell suspension in a sterile hood. 

4. Collect the suspension into a 15 ml centrifuge tube, centrifuge 

the tube at 180 g for 10 minutes. 

5. Discard the supernatant and resuspend the cells in ammonium 

chloride lysing buffer for 2 minutes. 

6. Centrifuge the cell again at 180 g for 10 minutes resuspend the 

cells in 5 ml RPM! 1640 medium containing 10 % fetal calf 
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serum, centrifuge again at 180 g for 10 minutes. 

7. Discard the supernatant and resuspend the cells in 3 ml of RPM! 

1640 medium plus 10 % of fetal calf serum. 

8. Count the cells under microscope using Trypan Blue dye 

exclusion and adjust to desired concentration. 

C. Labeling tlte Target Cell 

1. K562 or Y AC-l cell cultured in RPM! 1640 medium containing 

10 % of fetal calf serum in cell culture flask in 37 C, 5 % CO2 

incubator. 

2. Before labeling, check the cells under the microscope. The cell 

should in good condition (90 per cent viable) healthy and round 

shape. 

3. Spin the cells at 180 g for 10 minutes and resuspend in 

appropriate volume of medium. 

4. Count the cells under microscope using Trypan Blue dye and 

adjust the cell number to lx107/ml. 

5. Take 1 ml of cell suspension (107 cell) in a 15 ml centrifuge 

tube and add 100 ~l of sodium chromate (Crt) 100 ~Ci, mix 

well and keep in 37°C water bath or 37 C incubator for 1 hr 

with mixing gently every 15 minutes. 

6. Then 10 ml of pre-wanned HBSS is added. 
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7. Centrifuge the tube at 180 g for 10 minutes, discard the 

supernatant into radioactive biohazard container and transfer the 

cells into a 50 ml centrifuge tube which contains 50 ml of pre

warmed HBSS. Using the HBSS solution to wash the tube 

several times and be sure to transfer all cells into the 50 ml 

tube. 

8. Then incubate the cells in 37 C incubator for at least one half 

hour. 

9. Centrifuge the tube again at 180 g for 10 minutes, discard the 

supernatant and resuspend the cell in 10 ml of medium. 

10. Count the cell number under microscope and adjust to lxlOS/ml. 

D. Co-i1lcubatiOIl of NK cells Effector Cells alld Target Cells for 4 It 

1. Distribute 0.1 ml of labeled target cells suspension (lxI05/ml) 

into each well of 96 well microtiter plate (Falcon 3077). 

2. Put another 0.1 ml of different concentration of NK cells 

effector cells suspension into each well: for human peripheral 

blood NK cells effector cell usually use 1.25x106/ml, 

2.5xI06/ml, and 5x106/ml representing 1: 12.5, 1 :25,and 1 :50 

(target effector cell usually use 2.5xI06/ml, 5x106/ml and 

lxI07/ml, representing 1:25, 1:50,and 1:100 (target cell:effector 

cell). 

_ .... _. __ .. _----
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3. Every concentration of each sample triplicated. At the same 

time, instead of 0.1 ml effector cell suspension, put another 0.1 

ml of medium alone or 0.1 ml of 0.1 % NP-40 in two sets of 6 

wells which serves as spontaneous release and maximum release 

controls. 

4. Centrifuge the plate at 180 g for 2 min to facilitate the reaction 

between effector cells and target cells. 

5. Incubate the plate in 37 C, 5 % CO2 incubator for 4 hours. 

6. After incubation, spin the plate at 180 g for 10 minutes and take 

100 j.tl of supernatants from each well for counting the cpm on 

gamma counter. 

E. Calculatioll of Cytotoxic Illdex (CI) for NK cells activity 

CI = Mean of test release cpm - mean of spontaneous release cpm x 100 % 
Mean of maximum release cpm - mean of spontaneous release cpm 

FLUORESCENCE MEmOD FOR NK CELLS ACTIVITY 

Materials and eguipments 

Cell line : K562 or YAC-l (ATCC) 

Cell culture Flasks (Falcon) 

BCECF-AM (2',7' -bis( carboxyethyl)-5, 6-carboxyfluorescein) 

DMSO (Dimethyl Sulfoxide, Sigma) 



NaN3 (Sodium azide, Sigma) 

Fetal calf serum (Gibco) 

RPM! 1640 medium with L-glutamine (Gibco) 

0.01 M PBS 

37 C CO2 incubator with 5 % CO2 (VMR) 

Centrifuge (Beckman TJ-R) 

Multichannel pipettes (Costar 8-channel fixed volume) 

Luminar hood (Labconco, Class II) 

Microliter pipette tips (Rainin) 

Microscope (Reichert - Jung) 

Hemacytometer chamber (Baxter) 

Trypan Blue (Sigma) 

LSM lymphocyte Separation Medium (Drganon Teknika) 

Petri dish (Falcon 3002) 

Ether 

Scissors 

Forceps 

70 % ethanol (v/v) 

Pasteur pipet (VWR) 

Lysing Buffer (ammonium chloride, Tris-buffer) 

15 ml and 50 ml centrifuge tubes (Falcon 2095 and VWR) 
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Blood collection tubes (Becton Dickinson) 

96 well plate (Falcon 3077) 

2 % NP-40 (Sigma) 

Fluoricon polystyrene assay particle (3.1 j.tm) 

Pandex Harvesting Plate (lDEXX) 

FAC analyzer (lDEXX) 

Procedure 

F. NK cells collectioll 

Same as in section ITa 

G. Labeli1lg tlze target cell 

1. K652 or Y AC-l cell cultured in flasks in RP:MI 1640 medium 

containing 10 % fetal calf serum in 37 C, 5 % CO2 incubator. 

2. Before labeling check the cell condition as in Cii t assay. Wash 

the cell with PBS twice (180 g for 10 minutes and resuspend 

cell in RP:MI 1640 without fetal calf serum. 

3. Count the cell using Trypan Blue exclusion method and adjust to 

lx106/ml. 

4. Prepare BCECF-AM solution by adding 10 j.tl of DMSO to 50 

j.tg of BCECF-Am in vials (5 mg/m). 

5. Take 2.5 ml of target cell suspension in a 15 ml centrifuge 

tube(1x106/ml) (in RPMI without fetal calf serum) and add 5 
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1-'1 of BCECF-AM stock solution and incubate in 37 C, 5 % CO2 

incubator for 30 minutes with cap loosened. 

6. After incubation, add lO ml of PBS and centrifuge at 180 g for 

10 minutes then remove the supernatant and wash the cell once 

with PBS. 

7. Resuspend the cell in RPM! 1640 with lO % of fetal calf serum. 

8. Count and adjust the cell to 5XIQ4/ml. 

9. Co-incubation of NK cells effector cells and target cells. 

lO. Adjust effector cell concentration to 2.5xlO6/ml, 1.25xl(1i, and 

6.25xlOs for effector cell: target cell ratio of 50: 1, 25: 1 and 

12.5:1 respectively. 

H. Preparation oj Mock effector cells or SpOlltalleous release oj target cells 

1. Take 1 ml aliquot of each concentration of effector cell 

suspension mentioned in (1), resuspend the cells in 5 ml of PBS 

containing 0.1 % NaN3 and incubate at 37 C for 30 minutes. 

Wash the cells with PBS and resuspend in 1 ml of RPM! 1640 

with 10 % fetal calf serum. Place 50 1-'1 of target cells in wells 

designated as spontaneous release in 96 well. 

2. Add 0.1 ml of different concentration of effector cell to each 

well of 96 well plate with triplication and put same volume of 

Mock cell or 2 % NP-40 in another sets of triplication wells for 
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maximum release. 

3. Add 0.1 ml of target cell to all wells except ones designated for 

spontaneous release. 

4. Spin the plate at 150 g for 3 min to facilitate cell contact. 

5. Incubate the plate in 37 C, 5 % CO2 incubator for three hours. 

I. Tentlillatioll Qlld collection 

1. Prepare bead suspension : Fluoricon polystyrene assay particles 

(3.1 ftm) are diluted to 1 % (w/v) with PBS. 

2. At the end of the incubation period, add 50 ftl of above bead 

suspension to each assay well. 

3. Mix the contents of each well by repeat pipetting 100 ftl five 

times. 

4. One 50 ftl aliquot is taken from each well and transferred to 

wells in a Pandex Harvesting Plate. After transfer of all assay 

wells the remaining empty wells of the Pandex Harvesting Plate 

are fIlled with 100 ftl of PBS. 

FeA Readillg 

5. Set signal channel to 4851535 nm wavelengths and set reference 

channel to 590/620 nm. Prime washing mechanism; washing 

reservoir which contains PBS. 

6. Set vacuum to 5 inches Hg. 



136 

7. Set the gain of the instrument . A gain of lOis usually optimal 

when using 10,000 target per incubation well (5,000 targets per 

well in the harvesting plate 

8. The gain is adjusted such that the maximum retention well give 

between 60,000 and 80,000 Relative fluorescent units (RFU). 

The gain may initial reading of the plate. 

9. RFU from maximal retention wells for the lower E:T ratio will 

always be higher than that obtained for the higher E:T ratios 

due to effector quenching effects. 

10. Using the Reference Plate, set optical contrasts and run plate 

centering program. This is done at least once a day, usually 

during the assay incubation period. 

11. Make sure the printer is on line and ready to receive data. 

12. Place Pandex Harvesting Plate in Pandex FeA. 

13. Start vacuum. When wells are completely emptied of fluid, 

wash wells once with vacuum remaining on. 

14. After washing wells once with PBS, when wells are completely 

evacuated, run read program and collect data. 

15. Because we do not yet know at this point whether we need to 

reread the plate at a different gain, we assume that we do. When 

data is printing out vacuum will shut off. The vacuum must be 
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on when reading the plate; therefore, it must be turned back on 

immediately after it shut off. The gain can then be reread. If a 

second reading at an adjusted gain is not necessary, turn the 

vacuum off. 

16. Remove assay plate and discard. Turn lamp off. Store wash 

bottle in the refrigerator. 

Calculatio1l of cytotoxic i1ldex for NK cells activity 

CI = Spontaneous release fluorescence - test release fluorescence x 100 % 
Spontaneous release fluorescence - maximum release fluorescence 
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APPENDIX C: Consent fonn 



NIAAA fund~ Sp.d.lIz~ Alcohol 
. R.,urch C.ntor 

ARIZONA 
HtALTH SCIENCES CENTER 

CONsmrr J'ORX 
EFFECTS OF SEI$NIUM AND BETA CAROTENE SUPPLEMENTATION 

ON THE IMMUNE FUNCTION 

YOU ARE BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE THAT 
YOU ARE, INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND OF HOW 
YOU WILL PARTICIPATE IN IT, IF YOU CONSENT TO DO SO. SIGNING 
THIS FORM WILL INDICATE THAT YOU HAVE BEEN INFORMED AND THAT YOU 
GIVE YOUR CONSENT. FEDERAL REGULATIONS REQUIRE WRI'ITEN INFORMED 
CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH STUDY SO THAT YOU 
KNOW THE NATURE AND THE RISKS OF YOUR PARTICIPATION AND YOU CAN 
DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND INFORMED 
MANNER. 

PURPOSE 
We would like to invite you to volunteer to taka part in the 
research project named above. The purpose ot this study is to 
determine the benefits ot selenium and beta carotene 
supplementation with respect to your body's ability to tight 
diseases (immune response). This study is based upon human 
studies which have shown increased immune tunction with high 
intakes of beta carotene. Also, animal·studies have shown 
increased immune tunction with high selenium intakes. 

SELECTION CRITERIA . 
'lou are being invited to participate because you are over 45 
years of age and in good health. However, if you have any 
illness such a~ diabetes, heart disease, cancer or another 
illness which your personal physicians feel that it is unwise to 
participate in this study you will not qualify as a participant. 
Approximately 80 other people will be involved in this study. 

PROCEDURE 
If you agree to participate, you will be asked to take a mineral 
supplement and/or vitamin supplement and have your blood drawn by 
a registered nurse or phlebotomist four time during the year. 
Blood draws will be approximately 6-8 tablespoons of blood. You 
will be examined by a physician after six months of taking the 
supplement to note if you are experiencing any side effects. 

Subjects will be place on one of four possible supplements: group 
l--no supplementation, group 2--400 ug selenium, group 3--45 mg 
beta carotene and group 4--400 ug selenium plus 45 mg beta 
carotene. You will be assigned to one of the four groups, by 
chance, like the flip of a coin. 

RllKS. 
Both compounds which will be supplemented in this study are found 
in the diet. They may stimulate the bodyts defense, which could 
fight against disease and cancer. The Recommended Daily 
Allowances (RDA) for these nutrients are 55 ug selenium/day for 

...... , ... : :", 
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women, 70 ug selenium/day for men, 4.2 mg beta carotene/day for 
women and 6 mg beta carotene/day for men. Beta carotene at very 
high levels can cause temporary yellowing of the skin. This has 
been noted in lavel. higher than the level in this study and goes 
away when one stops taking the vitamin. Selenium at high levels 
(5 times the level used in this project) has not caused side 
effects to cancer patients. However, at very high levels it can 
causo temporary changes in nail and hair texture, nausea and 
vomiting. These side e!fects are noted at levels 3-4 times 
highor than the selenium level you will be taking in this study. 
The earliest signs of side effects have been noted in one man who 
was consuming 1,000 ug/dayselenium for two years. Theso side 
effects of very high'selenium intake disappeared shortly after 
stopping tho selenium. You will be asked to fill'out a small 
monthly questionnaire to note any early symptoms of toxicity. 
This will also enable you to have regular contact with the 
researchers and voice any concerns. 

If'you suspect you are having any toxic symptoms, ~ taking the 
supplements and IMMEDIATELY contact Steve Wood at (602) 626-4357, 
792-1450 ext. 5045 or Home (602) 722-5237, or Ronald Watson Ph.D. 
at (602) 625-6001, or Anthony Vuturo M.D. (602) 626-7864 or Evan 
Kligman M.D. (602) 626-6983. 

BENEFITS 
Thosa compounds help the body remove oxygen compounds which are 
highly reactive and potentially may cause cancer. 

CONFIPENTIALITY , 
Blood samples will be identified by code numbers when evaluated 
in tho labor~tory. Only Steve Wood and Ronald Watson will have 
access to part'icipant·s names and supplements. When reporting 
data in reports and publications the participants will be 
reported as groups or code numbers. 

PARTICIPATION COSTS 
There will be no costs to you for your participation. 

LIABILITY 
I understand that side effects or harm are possible in any 
research program despite the use of high standards of care and 
could occur through no fault of mine or the investigators 
involved. Known side effects have been described in this consent 
form. However, unforeseeable harm may also occur and require 
care. I understand that money for research-related side effects 
or harm, or for wages or time lost is not available. I do not 
give up any or my legal rights by signing this form. Necessary 
medical care will be provided without cost. I can obtain further 
information from Steve Wood, R.D., M.S. and Ronald watson, Ph.D. 
at (602) 626-4357 or (602) 626-6001. If I have questions 
concerning my rights as a research subject, I may call the Human 
Subjects committee office at '(602) 626-6721. 
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AUTHORIZATION 
In giving my consant, by signing this form, I agree that the 
method." inconveniences, risks and benefits have been explained 
to me and my questions have been answered. I Understand that I 
may ask questions at any time and that I am free to withdraw from 
the project at any time without causing bad feelings or affecting 
my medical care. My participation in the project may be ended by 
the investigator or by tho sponsor for reasons that would be 
explained. Any information developed during the course of this 
study which may affect my willingness to continuo in this 
research project will be given to me as it become available. I 
understand that this consent form will be filed in an area 
designated by the human subjects committee with acce!IS restricted 
to tho principal investigators steve Wood R.D., M.S. and Ronald 
Watson, Ph.D. or authorized representative of the Department of 
Family and community Medicine, University of Arizona. I 
understand that I do no~ give up any of,my legal rights by 
signing this form. A copy of this signed consent form will be 
given to me. 

Subject's Signature Date 

I have carefully explained to the subject the nature of the above 
project. I hereby certify that to the best of my knowledge the 
person signing this consent form clearly understands' the nature, 
demands, benefits and risks ~nvolved in his/her participation and 
his/her signature is legally valid. A medical problem or 
language or eQ);1cat,ional barrier has not precluded tl:is 
understanding. 

Investigator's Signature Date 
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APPENDIX D: Food Frequency Questionnaire 



• 1 

I 

UNIVERSITY OF ARIZONA, TUCSON, AZ 
o 1990 Ari.on. Ooud of A'I).nu (w.,lton 4; 9/00) 

INSTRUCTIONS 

ACC 

FOOD FREQUENCY 

QUESTIONNAIRE 

USE NO 2 PENCIL ONlY ~ 

Plooso do not fold, cut, staplo, punch, or sopomto pages. 

1. Please use a soft leaded (no. 2) pencil, DO NOT USE PEN, to complete this questionnairo. 

2. Thoro oro two kinds of questions in this questlonnairo. 

For somo questions, you are asked to completely fill in the circle undor the appropriate response. 
For other questions, you oro askod to writo in your own answer in tho spaco provided. 

3. This questionnaire asks about your USUAL oating habits. Think back over the past yem, or over 
tho period of time you havo beon asked to review, and ask yourself how often you usually ate 
the foods listed on the next several pages. 

Look at tho example on the bottom of page 2 whilo roo ding the following instructions. 

a. For each food listed, fill in tho circle that describes your AVERAGE SERVING SIZE as compared 
to other people your own sex and ago. You may chooso Small (S). Medium (M). or Largo (L). 
Some linos include several foods (for example, "bread, rolls, crackers.") Fill in the circle for Ihe 
serving size of the food you ate most often. ' 

b. Next, fill in the circle that describes your AVERAGE USE. If you rarely or never ate the food, 
fill in the circle under Rarely/Never. 

c. Some items say "average intake in season". Indicate how often you cat these foods during 
the time when they are in season. For example, you may cat cantaloupe once a week when it 
is in season, but only once a month during the rest of the year. In this case, you would fill in 
tho circle under the Once a Week column . 

d. Remember, 2 CIRCLES MUST BE FILLED IN FOR EACH LINE, except for when you usc the 
Rarely /Never column, then no serving size is necessary. DO NOT SI(IP LINES. 

1-

--• . ,. 'lin, OllhCI b,NCSM'U'UllI ..... 
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DIRECTIONS 
I CORRECT MARKS 

EXAMPLES 

• USE NO.2 PENCIL ONLY. Ie e 0 0 fJ 0 0 e 0 e 0 
INCORRECT MARKS 

• DO NOT USE INK OR BALLPOINT PEN. (1) e 0 0 ® 0 0 e 0 e (9 
INCORRECT MARKS 

t 
• MAKE NO STRAY MARKS. (1) ® 0 0 ® 0 0 ® 0 e 0 

INCORRECT MARKS 

• FILL THE CIRCLES COMPLETELY. (1) e Q 0 ® 0 0 e 0 Ii 0i 
INCORnECT MARKS 

01 • ERASE ALL CHANGES CLEANLY. (1) e 0 0 ® 0 0 e 0 e 
PLEASE PRINT YOUR NAME. TODAY'S DATE. AGE. SEX: M OR F. HEIGHT AND WEIGHT IN THE DOXES PROVIDED. 
100 NOT FILL IN THE CIRCLES OR PRINT IN THE AREAS MARI(ED FOR OFFICE USE ONLYI 

LAST NAME FII1ST NAME MI 

I 1/ I I " II I I I II " II I ooyooOOOOOO 
-00000000000 

YOOOOOOOIO 
000000000 

.®®®®®®®®®®® ®®®®®®®®t® 
c®®®®®®®®®®® ®®®®®®®®® 
o@@@@@@@@@@@ @@@@@@@@ @ 
• <D<D<D<D<D<D<D<D<D<D<D <D<D<D<D<D<D<D<D <D 
-<D0000000000 000000000 
o@@@@@@@@@@@ @@@@@@@@@ 
,,®®®®®®®®®®® ®®®®®®®®® 
o <D<D<D<D00<D0<D<D0 000000<D<D0 
'00000000000 000000000 
-0®®®®®®®®®® ®®®®®®®®® 
< <D<D<D<D<D<D<D<D<D<D<D <D<D<D<D<D<D<D<D<D 
... ®®®®®®®®®®® ®®®®®®®®® 
"®®®®®®®®®®® ®®®®®®®®" 
o@@@@@@@@@@@ @@@@@@@@@ 
-00000000000 00000000-
o@@@@@@@@@@@ @@@@@@@@@ 
"0®®®®®®®®®® ®®®®®®®®® 
• <D000000000<D 000000000 
• 00<D<D<D<D<D0<D<D<D <D<D00<D0000 
u@@@@@@@@@@@ @@@@@@@@@ 
v 00000000000 00000000 v 

®®®®®®®®®®® @®®@®®®®@ 
-00000000000 000000000 
v 00<D0<D000000 00<D000000 ... . . Z I I I Z Z I , I I I I I I Z I 

EXAMPLES 
': .. 

A) A MEDIUM SERVING OF BRAN 
CEREAL TWICE A WEEK. 

B) YOU RARELY /NEVER EAT OATMEAL. 

~ BREAI(FAST 

~FOODS 
100% BRAN CEREALS 

"" OATMEAL OR OTHER COOKED CEREALS 

TOOAY'S DATE 
MO. DAY YEAR 

I I I 
o@ @@ 0 

0 0 00 

M 
A 
L 
E 

F 
E 
M 
A 
L 
E 

CD CD CD 
CD CD CD 
0 0 
0 0 
0 ® 
0 CD 
® 
cil 

0 
cil 

0 

· · -· · , 

· '(i) " 

·2· 

AGE 10 NUMDER I 

1/ " ! 
I 

ol~@~@~ 
0 00000 
'CDCDCDCD' 
'CDCDCD0' 
'0000' 
-0000' 
'00®®' 

FOR '0000' 
.®®®®. , , , , , , 

OFFICE 
STUDY 

USE 

II " o@@~@o 
0 0000 0 

'CDCDCDCD' 
'0000' 
'0000-
'00CDCD' 
'0®®®' 
'0000' 
.®®®®. 
, , , 1 t t 

• 
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I~ --

o I J J • " • , • , 

®0@@0@@@@' 
o0@@0@@@@' 
®0@@0@@@@' 
®0@@0@@@@' 
o t J J .... , •• 

<::: USE NO :z PENCIL ONLY .~ 

\ SERVING \ 
SI7.E AVERAGE USE \ 

FOR OFFICE USE ONLY 0/Jlt" h~· /. i. ,," t' ~ BREAI(FAST /! I f ?~1$!5!5 ! !t./!!!l 
- FOODS " ~ :J g; ":''({Of; ':'; IJ ':'~ ~2 ..: 

to) ,,-'" v tv ;: ... ~ .... ~ tt' 
~ 0 0 : 

WHEAT GERM, ADDED TO FOODS 0 e 0 0 ® 0 0 0 ° e 0 
100% WHEAT BRAN CEREALS 0 e 0 0 ® 0 0 0 ° e 0 
OAT BRAN OR RICE BRAN CEREALS 0 e 0 0 ® 0 0 0 ° e 0 
OTHER BRAN CEREALS, (SUCH AS RAISIN BRAN, 0 e 0 0 ® 0 0 0 0 ° 0 CORN BRAN) 

GRANOLA OR WHOLE GRAIN CEREALS 0 e 0 0 ® 0 0 0 ° e 0 
OTHER COLD CEREALS, (SUCH AS CORN FLAKES, 0 ° 0 0 ® 0 0 0 0 ° 0 RICE KRISPIES, FROSTED FLAKES) 
HIGHLY FORTIFIED CEREALS, (SUCH AS PRODUCT 19, 0 e 0 0 ® 0 0 0 ° e 0 TOTAL) 

OATMEAL OR OTHER COOKED CEREALS 0 ° 0 0 ® 0 ° e ° ° 0 
SUGAR ADDED TO CEREAL 0 e 0 0 ® 0 ° e ° 0 0 
EGGS 0 0 0 0 ® 0 ° e ° e 0 
BACON 0 e 0 0 ® 0 ° e ° e 0 
SAUSAGE 0 e 0 0 ® 0 ° e ° e 0 
1. IF YOU EAT COLD CEREAL, WHAT KIND DO YOU EAT MOST OFTEN? 

1, 

2. 

I~ DAIRY PRODUCTS 

I 
0 ® 0 ° e ° e 0 ,'ON THE AVERAGE, HOW OFTEN DO YOU EAT DAIRY PRODUCTS? 

I I COTTAGE CHEESE (REGULAR AND LOW FAT) 0 0 0 0 ® 0 ° e ° e 0 
, OTHER CHEESES AND CHEESE SPREADS 0 e 0 0 ® 0 ° e ° ° 0 
j 

YOGURT (PLAIN OR WITH FRUIT) 0 0 0 0 ® 0 ° e ° 0 0 I 
I 
i SKIM MILK, 1% MILK OR BUTTERMILK 0 0 0 0 ® 0 ° e Ole e i 2% MILK AND BEVERAGES WITH 2% MILK 0 0 0 0 ® 0 ° e ° ° 0 
i WHOLE MILK AND BEVERAGES WITH WHOLE MILK 0 ° 0 0 ® 0 0 e!o1010j 

e' .14' •• _ 

• ·3· ... 
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<== USE NO :2 PENCIl. ONly ~ 

AVERAGE USE 
\ 

SERVING \ 
SIZE 

:1 I" ,/ ,~!t$/fJ /;fJ)fJ~f fJ~/J~f I 
- U]'" - BREADS/SALTY / I i/! :",'f/!gi'" l;;."'/lf 'f hl;~ l, 
_, 'SNACI<S/SPREADS / '" '; ~ O;/~'f 'i' ':' tf ,:,~/fJtf !t 
_, t. ";::,'" t-

Cf rvf(/8 "'q'/""'~ : 

: 'ON THE AVERA9E. HOW OFTEN DO yOU EAT DREAD PRODUCTS? 0 ! 0',0 i 0 10 I 0 0 0l 
- WHITE BREAD, ROLLS, CRACI(ERS, FLOUR TORTILLAS. 0 t;;\ 0 0 1 0 ' 0 I 0 I Q I 0 t;;\ 0 1 

- (INCLUDING SANDWICHES) \;;;J I \;,;I \;;;! 

- RYE OR PUMPERNICKEL DREAD/ROLLS. WHOLE WHEAT 0 t;;\ 0 0 0 0 0 Q 0 0 0 
- BREAD/ROLLS \;;;! I \;,;I 

: OAT BRAN MUFFINS 0 0 0 0 0 0 0 0 0 0 0 
- I 
_ WHEATDRANMUFFINS 0 0 0 0 0 0 0 e 0 0 0 

CORN BREAD. CORN MUFFINS, CORN TORTILLAS 

CHIPS (ALL TYPES) 

POPCORN 

SHELLED NUTS (INCLUDING PEANUTS) 

PEANUT BUTTER 

MARGARINE ON BREAD. ROLLS. OR POPCORN 

BUTTER ON BREAD, ROLLS, OR POPCORN 

SALAD DRESSING. MAYONNAISE, (INCLUDING ON 
SANDWICHES) 
GRAVIES MADE WITH MEAT DRIPPINGS, OR WHITE 
SAUCE 

I ~ SIDE DISHES 

0 0 00 
0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

00 0 0 0 0 0 

0 0 0 0 0 o 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

• ON THE AVERAGE, HOW OFTEN DO YOU EAT STARCHY SIDE DISHES? 0 0 0 0' 0 i 0 I 0 0 

LENTILS, GARBANZO BEANS 0 0 0 0 0 0 0 01 0 0 0 
CHILI WITH BEANS 0 0 0 0 0 0 0 0 0 0 0 

o 0 0 0 0 0 0 010 0 0 OTHER BEANS SUCH AS BAKED BEANS, PINTOS, 
KIDNEY BEANS. LIMAS 

o 0 0 0 0 0 0 0,0 0 0 

OTHER POTATOES. INCLUDING BOILED, BAKED, MASHED 0 0 0 0 0 0 0 01 0 0 0 
SWEET POTATOES. YAMS 0 0 0 0 0 0 0 0, 0 0 0 

FRENCH FRIES AND FRIED POTATOES 

RICE o 0 0 0 0,0 01010 0 01 

•• • 
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II 
'0 

I--
I--

o I 2 l 4 S • 7 I • 

000000000' 
000000000' 
000000000' 
000000000' 

<: USE NO :1 PENCIL ONLY..., 

\ SERVING \ 
SIZE 

AVERAGE USE \ ,- o ~ 2 , .. I • 7· •• 

FOR OFFICE USE ONLY 

li~~"~fd" ~1a~~'l ~~ 
/~ g 

"" 00 14o,). lU.): lU~ S lU~.tO ~ 

FRUITS & JUICES 
; Q ! ;"of h If If of h;~ ~ 
" ~ ..,J o~ I'yt( ~ ,., tJ,.,.,F lUtJ lU 

,.,~..: ..; t( ,..; t( ~ ..: q' ~~ ! 
• ON THE AVERAGE. HOW OFTEN DO YOU EAT FRUITS AND FRUIT 0 
JUICES? 

0 0 0 e 0 0 0 

APPLES. APPLESAUCE. PEA:'.S 0 0 0 0 0 0 0 e 0 0 0 

BANANAS 0 0 0 0 0 0 0 e 0 0'0 
PEACHES. APRICOTS. NECTARINES. (FRESH. 
AVERAGE INTAKE IN SEASON) 0 0 0 0 0 0 0 e 0 0 0 

PEACHES. APRICOTS. (CANNED. FROZEN) 0 0 0 0 0 0 0 e 0 0 0 

RAISINS/PRUNES 0 0 0 0 0 0 0 e 0 0 0 

CANTALOUPE. (FRESH. AVERAGE INTAKE IN SEASON) 0 0 0 0 0 0 0 e 0 0 0 

WATERMELON. (FRESH. AVERAGE INTAKE IN SEASON) 0 0 0 0 0 0 0 e 0 0 0 

STRAWBERRIES. (FRESH. AVERAGE INTAKE IN SEASON) 0 0 0 0 0 0 0 e 0 0 0 

STRAWBERRIES. (FROZEN OR CANNED) 0 0 0 0 0 0 0 e 0 0 0 

AVOCADOS. GUACAMOLE 0 0 0 0 0 0 0 e 0 0 0 

GRAPES 0 0 (;) 0 0 0 0 0 0 0 0 

GRAPE JUICE 0 0 0 0 0 0 0 e 0 0 0 

ORANGES. TANGERINES 0 0 0 0 0 0 0 e 0 0 0 

ORANGE JUICE 0 0 0 0 0 0 0 e 0 0 0 

GRAPEFRUIT. GRAPEFRUIT JUICE 0 0 0 0 0 0 0 e 0 0 0 

TANG. START BREAKFAST DRINKS 0 0 0 0 0 0 0 e 0 0 0 

OTHER FRUIT JUICES. FORTIFIED FRUIT DRINKS 0 0 0 0 0 0 0 e 0 0 0 

I 2, ANY OTHER FRUIT. PLEASE USE THE LINES BELOW: 

I 1. 0 0 0 0 0 0 0 CS) 0 
01

0
,1 , 

i 0 0 0 0 0 0 0 e 0 00 
i 2. 

• ,5· • • 
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< USE NO :1 PENCil ONLY bD j;;! 

\ 
SIZE \ 

SERVING \ AVERAGE USE 

/'j/~!!/i ~z!~:~~ fl!~~!:~~ jo~i !/Ii/'",' " ~ ., lii!; ~ ~ ~ / 7 ~I tJ ,~t: t:J $ 
j::'" ~ I"" tJ ... q' ""'§ : 

VEGETABLES 

-', ON THE AVERAGE, HOW OFTEN DO YOU EAT VEGETABLES? 0 0 0 I 0 0 0 r.:. ° 
: (NOT INCLUDING SALAD OR POTATOES) '" \::!I' 

_ BROCCOLI <D 0 0 0 0 0 0 0 0 0 ° 
CARROTS <D 0 0 0 0 0 I' 0 0 0 0 ° 
CAULIFLOWER OR BRUSSELS SPROUTS <D 0 0 0 0 0 0 0 0 0 ° 
STRING BEANS <D 0 0 0 0 0 0 0 0 0 ° 
CORN 0 0 0 0 0 0 0 0 0 0 ° 
MIXED VEGETABLES, (CONTAINING CARROTS) 0 0 0 0 0 0 0 0 0 0 ° 
WINTER SQUASH, BAKED SQUASH 

PEAS 

SPINACH (RAW) 

SPINACH (COOKED) 

• MUSTARD GREENS. TURNIP GREENS. COLLARDS 

00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 

COLE SLAW 

GREEN SALAD 

TOMATOES. TOMATO JUICE 

SALSA PICANTE. TACO SAUCE 

ONIONS. GARLIC 

I 

""I .... / ... , 
..... 1 

,.1 3. ANY OTHER VEGETABLES. PLEASE USE THE LINES BELOW, 

""/ , 0 
I 1. 

, 
2. 0 

. .. • G • 

0 0 0 0 0 0 0 
01

0 1°/ 
0 0 0 ® 0 0 0 0,01 0 : 

• 
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I 
I 

I 
! 

I 
o 

o I 2 1 .. , • , •• 

oCD00@00CD0' 
OCD00@00CD0' 
oCD00000CD0' 
oCD0000000' 

L-- 0 III 0..®(5G5(.)I' 
FOR OFFICE USE ONLY 

~ MEAT, FISH & 
tJ..-..lj POULTRY 

ust:: NO '2 PENCIL ONLY ~ 

\ 
SERVING' AVERAGE USE \ 

SIZE \ 

• ON THE AVERAGE, HOW OFTEN DO YOU EAT MEAT. FISH. 0 to' 0 I 0 i Q ! 0 r.:- I 0 
POULTRY? ~ I \WI , \;;;I 

HAMBURGERS, CHEESEBURGERS, MEAT LOAF 

BEEF-STEAKS, ROASTS 

BEEF STEW OR POT PIE WITH CARROTS. OTHER 
VEGETABLES 

LIVER, INCLUDING CHICKEN LIVERS 

PORK. INCLUDING CHOPS, ROASTS 

FRIED CHICKEN 

CHICKEN OR TURKEY, BAKED, STEWED DR BROILED 

FRIED FISH OR FISH SANDWICH 

TUNA FISH, TUNA SALAD. TUNA CASSEROLE 

SHELL FISH (SHRIMP. LOBSTER, CRAB, OYSTERS, ETC') 

OTHER FISH. BROILED, BAKED 

~ MIXED DISHES 

SPAGHETTI, LASAGNA, OTHER PASTA WITH 
TOMATO SAUCE 

PIZZA 

MIXED DISHES WITH CHEESE (SUCH AS MACARONI 
AND CHEESE) 

LIVERWURST 

HOT DOGS 

HAM. LUNCH MEATS 

VEGETABLE SOUP, VEGETABLE BEEF. MINESTRONE, 
TOMATO SOUP 

OTHER SOUPS 

•• 

o 0 0 0 0 0 01010 0 0 
o 0 0 0 0 0 0,0:0 0 0 

00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 
00000000000 

00000000000 
00000000000 
00000000000 
00000000000 
0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0'0 

0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 

,7- •• 

149 



\- SERVING \ AVERAGE USE \ 
\ SIZE 

_:-r~ NOTE:CHOICESARIj./~"~~;!tf~htJfi ;~/§~~ !~;~~ ;~~ f~;~~ ill DIFFERENT FROM ~ Q '" ;:Q {::Q::Q '" r::: r::: .. {::o ~ 
BEVERAGES THE PREVIOUS ,,~:$.; .. ~ .. /... ~ :: .. :t.. ; J: $ 

_,~ ______________ ~S~EC~T~I~O~N~S'-----r~~~-+--~~-+_°-r~~~o~~~",~" , 
- WATER 

_ REGULAR SOFT DRINKS 

_ DIET SOFT DRINKS 

- BEER 

- WINE 

- LIQUOR 

_ DECAFFEINATED COFFEE 

_ COFFEE. NOT DECAFFEINATED 

_ TEA (HOT OR ICED) 

NON.DAIRY CREAMER IN COFFEE OR TEA 

MILK IN COFFEE OR TEA 

CREAM (REAL) IN COFFEE OR TEA 

SUGAR IN COFFEE OR TEA 

ARTIFICIAL SWEETENER IN COFFEE OR TEA 

o e 0 0 0 0 0 0 0 0 0 01 
000000000000 
000000000000 
000000000000 
000000000000 
o 0 0 0 0 0 0 0 0 0 0 01 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
000000000000 
o 0 0 0 O' 0 0 0 0 e 0 0 
000000000000 

\ 
SERVING \ AVERAGE USE \ 

SIZE 

1'/if!~ ~ ~~0~~'l ~ '1" q' ~ ~ ~ ~i! ~ 
NOTE: CHOICES ARE ;j '" 1% ~~ ~~ tJ~ Q ~~ <~ :: ::~ ~ 

~£ SWEETS DIFFERENTFFlOM ; § :; r:g r:g §g .: ;; ;; :: ;~ ~ 
~~ THE PREVIOUS "~oJ;: .. ~ .. /... !t ";" ".. it ..:.. :t 

SECTIONS. 0 0: 
ICE CREAM 0 0 0 0 0 0 0 0 0 0 0 0 

SHERBET. ICE MILK. FROZEN YOGURT 

CUSTARDS OR PUDDINGS 

DOUGHNUTS. CAKE. PASTRY 

COOKIES 

PUMPKIN PIE. SWEET POTATO PIE 

OTHER PIES 

CHOCOLATE CANDY 

OTHER CANDY. JELLY. HONEY. BROWN SUGAR 

•• 

000000000000 
000000000000 
000000000000 
0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 : ~I:I 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 000, 

0 0 0 0 0 0 0 0 0 o 010: 

·8· •• 
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, 

4. 

! 
IA. 

lB. 
I C. 
1 
10. 

E. 

F. 

G. 

H. 

I. 

J. 

K. 

L. 

M. 

N. 

o. 

I 

I 

I 

o I 2 ,. , • J • t 

'00000000® • 
000<D00®0®' 
'0<D00®00®' 
'0<D<D0®®0®' r , , , . . . , . . 

FOR OFFICE USE ONLY 

USE NO :r PENCIL ONLY ,;;r;~ 

\ SERVING \ 
SIZE AVERAGE USE \ 

Think about the foods listed on the quostionnaire. 

'/;0~~~~'t/;~"~"/ n 
:~~etl~O;;;o"n~h/'m~; 71~! 18:~~r l~g~Jso~i~n:lo~a~~ 
tho shadod aro. to holp you think 01 other loads Iii Hl$l}l!! l!l~1 you oat r'jP,ularly). List thoso foods in tho spacos 
provided. ,II in tho circles tQ tell us serving sizes '? ~ ~ ~! ~'f :'f ~'f ; 2; S; $ 
and how often you eat ench food. ~ 101 0: 

CD 0 CD 0 0 0 010101010 . ............................ 
CD 0 CD 0 0 0 0'0 0 010 ............................. 

0101010/0 CD 0 CD 0 0 0 .. ........................... 
CD 0 CD 0 0 0 00 0'00 .. ........... ", .. , .. , ...... , 

PLEASE CD 0 CD 0 0 0 0 0 0 0 0 .,., .. ".,", ........ ,., ... ,. 
DO NOT CD 0 CD 0 0 0 0 0 0 0 0 " .... , .. ,., ....... , .. , .... ,' 
WRITE CD 0 CD 0 0 0 0 0 0 e 0 ., .................. , ........ 

IN CD 0 CD 0 0 0 0 e 0 e 0 . ............................ 
THIS CD 0 CD 0 0 0 0 0 0 0 0 . ................... , ........ 

AREA CD 0 CD 0 0 0 0 0 0 0 0 . ............................ 
CD e CD 0 0 0 0 e 0 0 0 . ............. , .............. 

.. ,', ' 0 0 CD 0 0 0 0 e 0 0 0 .. .. ........................... 
'. CD 0 CD 0 0 0 0 e 0 0 0 . ........... , ...... , ......... 

CD 0 CD 0 0 0 0 0 0 0 0 . ............... , ...... , ..... 
CD 0 CD 0 0 0 0 0 0 0 0 .. ................. , ......... 

Other Foods List 

Asparngus Greon Chiles Refried Beans or BCiln Burrito 

Beots Green Pepper Romaine Lettuce 

Berries Honeydow Casaba Seafood Croole 

Biscuits. Muffins Jello Sour Cream and Dip 

Brown Rico Lemons, Lemon Juice Summer Squash 

Cabbage, Sauerkraut Low Caloric Margarine Sweet Chorries 
Chinese Dishes Low Calorie Mayonnaise Sweet Red Pepper 
Cranberry Juice Cocktail Mexicon Dishes Tofu 
Cream Cheese Noodles Turkey or Chicken Cold Cuts 
Cream Soups ·Other Fruits or Vegetablos· Turkey or Chicken Franks 
Diet Salad Dressing Pineapple Veal, Lamb 
Egg Substitutes Polish or Italian Sausage Waffles, Pancakes 

• ·9· •• 
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-I <: USE NO :2 PENCil ONLY bE 511 
.. L' ______________________________________ -" 

5. a) 

Saldoml 
Novar 

How often do you eat 

Soma· 
limes 

Of Ian I 
Always 

the skin on chicken? 0 ......... 0 ......... 0 
b) How often do you Dot 

tho fnt on moat? .' 0 ......... 0 ......... 0 
c) How often do you add 

salt to your food? 0 ........ · 0 ......... 0 
d) How often do you add 

pepper to ,your food? 0 ......... 0 ......... 0 

6. Are you currently on a special diet? 
(May have 2 answers) 
ONo 
o Yes, Weight Loss 
o Yes, For Medical Condition 
o Yes, Vegetarian 
o Ye., Low Salt . 
o Yes, Low Cholesterol 
o Yos, Weight Gain 

7. What kind of fat do you usually add to 
vegetables, bread, etc.? 
(May have 2 answers) 
o Don't add fat 
o Soft margarine 
o Stick margarina 
o Butter 
o Half butter, half margarine" , 
o Lard, Fatback, Bacon Fat 

B. How often do you use fat or oil in cooking? 
03 or more times a day 
o 1 to 2 times a day 
04 to 6 times a week 
02 to 3 times a week 
OOnce a week 
o 1 to 3 times a month 
o Less than once a month 
o Rarely/Never 

-- • 11 ·10· 

9. What kind of fat do you !!!!..u~ cook with? 
(May have 2 answers) 
o Don't know or don't cook 
o Soft mnrgmine 
o Stick margarine 
Ollutter 
o Olive all 
o Vegetable oil (including corn) 
o Lard, Fatback, Bacon Fat 
o Pam or no oil 

100) Are you noW losing or gaining weight? 
ONo o YeS, losing 
o Yes, gaining 

lab) Hava you gained or lost at least five pounds 
In tho past year? 
(May have 2 answers) 
ONa ' 
o Lost 5·151bs 
OLost 1G·25 lb. 
o Lost 25 Ibs or more 
o Gained 6·15Ib. 
o Gained 16·25 Ibs 
O'Galned 25 lb. or more 

11. Plense describe your smoking behavior: 
o Nover smoked 
o Don't smokl> now, quit In the last 

6 months 
o Don't smoke now, quit between 6 

months and 5 years ago 
o Don't smoke now, quit more than 

5 years ago 
o Smoko less than 1 D cigarettes 

per day . 
o Smoke '" to 1 pock of cigarettes 

per day 
o Smoke mora than 1 pack and up to 

2 pocks of cigamttes par day 
o Smoke more than 2 packs of 

cigarettes per day 

• 
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FOR OFFICE USE ONLY 

FOR OFFICE USE 

121) 

12j) 

. .~. 

1211 0000@.@ c 
000000'· 

;i .. . W 

12m)00000~. ~ 
000000' , 

. 3:·.;~?.~ 
12n) 00000®' c 

000000' 

• 

USE NO 2 PENCIL ONLY ~ ;: 

--.J-

12. If you oro currently toklno Dny vito min Dnd/or mlnoral supplemonts ,ogulnrly. 
ploDso Indlcoto which typo of supplemonts you oro taking by filling In the 
clrclD noxt to each typo listed. For oDch typo of Multiple Vitamin wrlto in tho 
nomo brDnd. Dnd tho number of pills 0 we ok you usuolly tako. For each 
individual supplemont, write in tho dosagQ under tho amount column and how 
many times oaeh week you take this amount. If you orc!:!.Q! tnking n 
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Group Pretreatment 3 Months 6 Months 8 Months 
White Blood Cells (103//-tL) 

Placebo 6.9±O.51 >I< 7.4±O.38 6.8±O.52 7.1±O.72 
Selenium 7.1 ±O.47 7.0±O.29 6.6±O.45 7.8±O.85 
fi-Carotene 6.7±O.46 7.1 ±O.44 7.4±O.74 7.3±O.54 
Both 7.5±O.51 8.5±O.27 7.4±O.54 7.3±O.54 

Red Blood Cells (106//-tL) 
Placebo 4.5±O.12 4.7±O.15 4.8±O.14 4.6±O.15 
Selenium 5.0±O.82 4.6±O.13 4.7±O.17 4.6±O.O9 
fi-Carotene 4.6±O.13 4.5±O.O9 4.8±O.21 4.7±O.11 
Both 4.8±O.23 4.8±O.16 4.8±O.21 4.8±O.28 

Hemoglobin (g/dL) 
Placebo 14.4±O.49 15.0±O.56 14.9±O.49 14.4±O.57 
Selenium 15.6±O.94 14.6±O.38 14.6±O.49 14.6±O.28 
fi-Carotene 14.2±O.37 14.1 ±O.32 14.1 ±O.38 14.4±O.27 
Both 14.9±O.73 15.0±O.67 14.7±O.60 15.3±O.72 

Mean Corpuscular Hemoglobin Concentration (g/dL) 
Placebo 31.7±O.56 34.1±O.22 34.0±O.19 34.0±O.20 
Selenium 33.5±O.24 33.9±O.12 33.9±O.27 33.6±O.17 
fi-Carotene 33.7±O.17 33.9±O.20 33.2± 1.10 33.7±O.14 
Both 33.8±O.30 33.8±O.16 33.9±O.31 34.3±O.20 

Red Cell Distribution Width 
Placebo 12.9±O.29 12.6±O.O9 12.9±O.28 13.0±O.34 
Selenium 12.7±O.19 12.8±O.17 12.8±O.16 12.9±O.14 
fi-Carotene 12.6±O.16 12.8±O.23 12.8±O.18 12.7±O.18 
Both 12.8±O.22 12.6±O.20 12.9±O.28 12.6±O.15 

Platelets (103//-tl) 
Placebo 291 ± 14 291 ± 19 271 ± 15 254±19 
Selenium 214±21 249±21 256±18 257±24 
fi-Carotene 245±17 270±25 280±26 259±21 
Both 244±18 262±23 255±17 250±21 

>l<Mean ± SD 
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Group Pretreatment 3 Months 6 Months 8 Months 

Neutrophils (%) normal 45-76 % 
Placebo 57.9±3.2* 58.0±3.6 57.6±3.4 56.9±4.0 
Selenium 56.3±2.9 57.8±2.9 53.4±3.1 59.8± 1.9 
I3-Carotene 60.0± 1.9 61.0±2.6 57.1±3.1 60.3±2.7 
Both 57.7±5.0 61.1 ±2.6 56.8±4.8 57.6±4.1 

Lymphocytes (%) normal 17-44% 
Placebo 32.0±3.0 31.0±3.5 30.3±3.2 30.5±4.0 
Selenium 34.0±2.6 32.8±2.4 36.0±3.1 31.4±2.0 
I3-Carotene 30.7±1.8 30.8±2.4 35.0±3.2 30.4±2.8 
Both 34.2±4.4 31.3±2.5 35.1 ±4.2 32.5±4.3 

Monocytes (%) normal 3-10% 
Placebo 6.2±O.41 6.8±O.50 8.2±O.83 9.3±O.71 
Selenium 6.2±O.63 5.7±O.46 5.9±O.56 5.6±O.59 
I3-Carotene 5.2±O.39 5.1±O.33 4.8±O.24 5.4±O.40 
Both 5.8±O.37 5.2±O.52 5.7±O.53 6.8±0.94 

Eosinophils (%) normal 0-4 % 
Placebo 3.0±O.59 3.2±O.62 2.8±O.50 2.4±0.56 
Selenium 2.6±0.53 2.6±O.61 3.1 ±0.40 2.5±0.32 
I3-Carotene 2.9±0.46 2.2±0.74 2.8±0.62 3.0±0.52 
Both 1.7±0.57 1.6±O.22 1.9±0.57 2.4±O.54 

Basophils (%) nonnal 0-2 % 
Placebo O.9±O.80 O.9±O.13 1.1 ±0.15 0.9±0.16 
Selenium O.9±0.15 1.1 ±0.17 1.9±O.82 O.7±0.12 
I3-Carotene 1.0±0.11 0.9±0.14 O.8±0.O8 1.0±0.09 
Both O.7±O.26 O.7±O.13 O.6±O.18 O.7±0.12 

*Mean ± SD 
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APPENDIX H: 
Individual's Natural Killer Cell Activity 

(50: 1 PBMC to Target Ratios) in the Selenium Group 
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