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ABSTRACT 

Epidemiological studies suggest that both retinoid and carotenoid 

intakes are inversely correlated with the incidence of human cancers. 

Animal studies show that both retinoids and carotenoids inhibit tumor 

cell growth. Both retinoids and carotenoids activate the cytotoxic 

functions of macrophages in animal experiments. The purpose of this 

study is to evaluate the molecular mechanisms for l3-cis Retinoic acid 

(13-CRA) and beta-carotene (BC) induced immunomodulation which could 

explain their anti-cancer affects. The effects of l3-CRA and BC were 

studied on various subpopulations of T-lymphocytes both in vitro and 

in vivo. For in vitro studies, peripheral blood mononuclear cells 

(PBMC) were incubated with test compounds at clinically achievable 

-8 concentrations (10 M) for three days. Then the cells ~vere stained 

with monoclonal antibodies followed by the analysis of flow 

cytometer. For in vivo studies, PBMC were collected from Barrett's 

esophagus or oral leukoplakia patients during treatment with l3-CRA 

(lmg/kg/day) or BC (30/mg/day) respectively. Then the cells were 

analyzed with monoclonal antibodies and flow cytometry. Both 

compounds showed the capability of stimulating different 

subpopulations of T-lymphocytes. l3-CRA predominately increased the 

number of T-helper cells, their interleukin 2 (IL-2) receptors and 

their response to mitogens. \ihereas, BC elevated the number of 

natural killer (~~) cells, their IL-2 receptors and their cytotoxicity 

against K562 tumor target cells. Though these immunomodulation 

xi 



xii 

effects appeared to be unaffected by the presence and cytotoxic 

functions of macrophages, cytokines seemed to have an important role 

in the retinoid- and carotenoid-induced immunomodulation. Plasma 

levels of 11-2 and tumor necrosis factor (TNF) measured by E1ISA 

procedures, were increased in patients treated for t~yO months with 

13-CRA or BC respectively. Anti-11-2 and anti-TNF antibodies blocked 

the retinoid- and carotenoid-induced immunomodulation in in vitro ----
studies. These results indicate that 13-CRA, activating T-helper 

cells with 11-2 production, and BC, activating m< cells with TNF 

release, induced immunostimulation which might be able to provide the 

anti-cancer affects in part seen in epidemiological studies. 



Chapter 1 

INTRODUCTION 

Epidemiological data have shown that serum levels of retinoids and 

carotenoids were lower in cancer patients, suggesting an inverse 

relationship with cancer risk (55,56) Vitamin A has inhibitory 

capabilities against the development of certain cancers (4,39,110), 

for example, skin tumors induced by chemical carcinogens in animals 

(29,123). Retinoids are effective against oral leukoplakia and 

cervical dysplasia (34,44). Low levels of beta-carotene in alcoholics 

have been implicated in increased sensitivity towards oral cancer 

(Ill). 

Practically speaking, if retinoids and carotenoids are to be 

clinically useful in the prevention or treatment of cancer or other 

diseases, we must understand the cellular and molecular mechanisms 

involved. Differentiating abilities of retinoids and anti-oxidant 

effects of carotenoids are well documented (7,51,55,58,118), and have 

been emphasized in explaining their efficacy. However, less attention 

has been given to their immunomodulatory effects as a possible 

anti-cancer mechanism. Furthermore, both retinoids and carotenoids 

have shown significant stimulatory effects on macrophages (49,92,96). 

In these studies, however, it is not completely clear how retinoid

and carotenoid-activated macrophages have interacted with 

T-Iymphocytes and other immune cells, especially NK cells. Therefore, 

the purpose of this study was to evaluate the immuno~odulatory effects 

I 
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of 13-cis retinoic acid (13-CRA) and beta-carotene (BC) on 

T-Iymphocyte subpopulations. T-helper cells and natural killer cells 

collected from patients with Barrett's esophagus and oral leukoplakia, 

as well as healthy human volunteers were studied before and after 

administration of 13-CRA and BC. Finally, studies were conducted to 

see which specific cytokine(s) mediate retinoid- and 

carotenoid-induced immunomodulatory effects. 



Chapter 2 

REVIEW OF LITERATURE 

A variety of dietary components are possible inhibitors of human 

cancer initiation or promotion (55,56). Tv10 related groups include: 

(a) retinoids, particularly retinol or preformed vitamin A, and 

(b) carotenoids, provitamin A compounds. The latter group includes 

beta carotene which can be converted into retinol in vivo and others, 

like canthaxanthin, which cannot (41). 

The parent compound, vitamin A (retinol) has many natural and 

synthetic analogs, collectively termed as retinoids. Among the most 

biologically active and widely used retinoids are l3-cis retinoic 

acid, retinol, retinyl palmitate and retinoic acid. The biological 

activity of each of these retinoids depends mainly on the structure of 

the three main areas of the molecule: these include a cyclic end 

group, a tetraine chain, and polar end group, as seen in Appendix 1. 

Any of these regions can be altered to give literally hundreds of 

possible new retinoids (58,60,73). The biological activity of any 

retinoid is very dose dependent, with all retinoidsbeing toxic at 

higher concentrations in vivo, (Appendix 2) especially retinol (58). 

Retinol is the only retinoid that can be stored for long time in the 

body; all other types are metabolized at different rates and 

excreted. The amount of liver storage of retinoids also varies widely 

between individuals (129). 

3 
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The carotenoids are pro-vitamin A compounds, which include the 

carotenes, xanthrophills, lycopenes and their related compounds (91). 

They are present in all photosynthetic tissues, and in yellow, orange 

and red plant and animal pigments. These represent the major sources 

of vitamin A in the human diet (91). The carotenes have an 18 carbon 

chain of conjugated double bonds that have at each end a 6 carbon ring 

(Appendix 1). Hundreds of variations include beta-carotene and 

canthaxanthim and lycopene. Both ring structures can be split in BC 

to become tliO molecules of retinol; in vivo, only half of this 

structure is actually converted to retinol; canthaxanthin has a very 

similar structure. Absorbed carotenoids not cleared to retinol are 

circulated in the blood in association with lipid bearing proteins 

(104). 

Retinoids and Cancer 

During the past decade there has been increasing research which 

has documented a relationships between dietary retinoids and 

carotenoids and cancer incidence (55,56,109). Both retinoid and 

carotenoid intakes have been inversely correlated with the incidence 

in humans of cancers: adenocarcinomas, buccal cavity cancer, basal 

cell carcinoma, lung cancer, esophageal cancer (19), and bladder 

cancer (55,56,108). It is increasingly recognized that major effect 

is probably due to carotenoids, not vitamin A. Vitamin A deficiency 

increases the risk of cancer in animals and enhances the sensitivity 

of epithelial tissues to carcinogenesis by chemicals, irradiation, and 
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viruses (125). Conversely, high intakes of vitamin A and related 

compounds may have a beneficial effect on the reduction of cancer risk. 

Several modes of action have been proposed to account for the 

inhibitory effects of vitamin A on carcinogenesis: (a) interference 

with the interaction of the carcinogens or their active metabolites 

and the target site, (b) alteration of the metabolic pathway of 

carcinogen activation via inhibition of certain mixed function 

oxidases (55), (c) lysomal labilization and subsequent breakdown of 

premalignant cells (58), (d) induction of differentiation (118) or 

slowing of proliferation and (e) host immunomodulation with subsequent 

alteration of tumor growth (20,99). 

Carotenoids and Cancer 

Epidemiological studies suggest a positive correlation between 

beta-carotene intake and lower cancer risk (62,79,95). For example, 

beta-carotene serum levels were lo~~ in patients with gastrointestinal 

cancer in Israel, with cervical cancer in Japan, and with precancerous 

stomach lesions in Colombia (91). There may also be an association 

between low serum levels of beta-carotene and the risk of squamous 

cell carcinomas of the lung (66,112) and oral cancer (98). Thus, 

prospective clinical trials are in progress to evaluate the 

prophylactic efficacy of beta-carotene in reducing overall cancer risk 

(91). 

The postulated anti-cancer mechanisms for carotenoids include the 

ones proposed for retinoids (112). In addition carotenoids can act as 
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anti-oxidants by quenching free radicals (7,51). Modification of host 

immune defenses may be an important activity of carotenoids which 

could playa role in their anti-cancer effects (51). 

Immunomodulatory Effects 

T-lymphocytes 

A variety of synthetic and naturally occurring retinoids stimulate 

cellular immune functions. Antigen recall reactions are increased 

after retinoic acid therapy. They occur simultaneously with increased 

efficacy treatment of dermatoses and enhanced cellular immune reaction 

(20). Retinoic acid at non-toxic concentrations increased the 

response of human T-lymphocytes (105) or thymocytes (100) to 

phyto-hemqagglutinin (PHA), a T-cell mitogen, but not to concanavalin 

A (Con A) or pokeweed mitogen (P\{M) (1). TPA-induced T-lymphocyte 

proliferation was also increased by retinoic acid given in vivo 

(120). We have recently shown that l3-cis retinoic acid increased the 

number of mature T-helper lymphocytes (CD4+) in vitro (87) after 

incubation of peripheral blood mononuclear cells (PBMe) for 72 hours 

at low, clinic3lly achievable concentrations (10-8M). In addition, 

more numbers of helper cells showed expression of transferrin and 

interleukin-2 (IL-2) receptors which indicated increased numbers of 

activated T-helper cells. In vivo experiments, in Oral Leukoplakia 

patients taking 13-cis retinoic acid 30mg/kg/day for three months, 

sholfed a 50% increase in numbers of T-helper cells, their IL-2 

receptor expression, and mitogenic response to phyto-hemoagglutinin 
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(unpublished data). We found increased activation of lymphocytes and 

macrophages by increased percentage of cells with markers for these 

functions. 

Beta-carotene (180 mg/day) given orally for two weeks to normal 

human volunteers increased the frequency or percentage of lymphocytes 

with CD3+ (total T-cells) and CD4+ (T-helper cells), but not 

+ CD8 (T-suppressor/cytotoxic) surface markers (3). We have sho~vn 

in vitro that beta-carotene produced a significant increase in CD4+ 

cells (87) and a dramatic increase in the percentage of natural killer 

cells among PBMC. The increase in the expression of IL-2-receptors 

was associated with increased NK and T-helper cells. Production of 

interferon by T-lymphocytes was increased by beta-carotene (92). In 

mice, another carotenoid, canthaxanthin, which ~.as provided as a 

supplement in the diet at 1%, reduced the number of T-suppressor cells 

which were increased by ultraviolet irradiation. Canthaxanthin also 

increased four fold the percentage of T-helper cells, and lymphoid 

cell expression of activation markers (IL-2-receptors) after 2 months 

of dietary supplementation in mice (unpublished data). As 

canthaxanthin is not metabolized into retinol, this change was due to 

the carotenoid structure, and not increased retinol in tissues. Both 

beta-carotene and canthaxanthin showed improvement in the response of 

rat lymphocytes to the mitogens in vivo (51). 

Thus the overall effect of retinoids and carotenoids on 

T-lymphocytes in humans appear to be stimulatory with increased 



responsiveness to mitogens, and an increase in the percentage of 

+ helper cells (CD4). However, the mechanism involved, as well as 

clinical relevance of these effects, remains to be determined. 

Figures 36 and 37 suggest that some possible mechanisms involving 

8. 

T-cell stimulation causing macrophage activation as both are seen with 

in vitro and in vivo carotenoid action. 

B-1ymphocytes 

High dietary intakes or deficiencies of retinoids and carotenoids 

may be expected to alter immune functions of both Band T-ce11s either 

directly or via their interaction. Retinoic acid (10-7 M) in vitro 

increased the induction of antibody-producing human tonsillar 

B-1ymphocytes sensitized to sheep red blood cells, a T-cell dependent 

antigen (SRBC) (101). On the other hand, it inhibited B-cel1 

transformation induced by Epstein-Barr virus, a T-independent antigen 

(105). While animal studies suggest that dietary retinoids enhance 

antibody production (15), similar data in humans is lacking. 

Natural Killer Cells 

In a mouse model, induction of cell-mediated cytotoxicity by NK 

cells to allogenic tumor cells was stimulated by low doses of retinoic 

acid while high doses were suppressive (57). In humans, NK cell 

activity was increased by retinoic acid (31) concomitantly with 

suppressed tumor growth. Sidell et. al. observed that NK cells 

collected from 4 of 10 donors showed a significant increase in 

cytotoxicity against K562 cells after exposure to retinoic acid 
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(102). At high concentrations (10-5 M), retinoic acid had 

inhibitory effects on spontaneous and interferon-induced cytotoxicity 

of NK cells after prolonged periods of incubation (1,92). 

The effect of carotenoids on NK cells in humans needs evaluation. 

In our laboratory, we have recently found that both beta carotene, and 

canthaxanthin produced an increase in the percentage of NK cells after 

human PBMC were incubated with them for 3 days at clinically 

achievable concentrations in vitro (87). 

Monocytes/Macrophages 

Mononuclear cells, especially monocytes (blood) and macrophages 

(tissues), have critical roles in host defense mechanisms and 

immunoregulation. Retinoids affect the development and 

differentiation of human monocytes/macrophages in vitro and in vivo, 

as well as in monocytic cell lines (55,118). Retinoic acid increased 

the growth of granulocyte/macrophage precursor cells suggesting 

possible involvement in the early stages of differentiation by 

increasing the sensitivity to colony stimulating factor (114). 

Retinoic acid induced an increase in the phagocytic activity and 

surface marker expression on immature monocyte/macrophage human cell 

lines (77). -7 Retinoic acid at physiological levels (10 M) in vitro 

produced an increase in interleukin 1 (IL-l) production from PBMC 

(115) and increased their cytotoxicity to tumor cells (70). ~ve (69) 

and others (49) have sholffi that retinoic acid-induced activation of 

macrophages in mice. 
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Beta-carotene also enhanced antigen presentation by monocytes 

(37). We have observed (2) that beta-carotene increased the ability 

of monocytes in vitro to produce a novel tumor cytotoxic factor. It 

does not seem to be TNF, 11-1, 11-2, or interferon, and may playa 

role in host defense in vivo. Dietary beta carotene and canthaxanthin 

yielded mouse monocytes that released enhanced levels of cytotoxicity 

activity in vitro for L-929 leukemia cells, without in vitro 

stimulation by carotenoids. In addition the percentage of monocytes 

with markers of activation (Mac2) increased following consumption of a 

diet with 1% canthaxanthin for 2 months by mice (unpublished data). 

Recently, we and others showed that beta-carotene protects against 

UV-B damage by increasing phagocytosis in vitro (96) and in vivo 

(63)., as well as preventing free radical action. 

The above data suggests that retinoids and carotenoids might act 

by different pathways to stimulate monocytes. Retinoids appear to act 

at an early stage of the differentiation process and early stages of 

activation process by improved phagocytosis. On the other hand 

carotenoids act at later stages of the activation process, primarily 

as scavengers for oxygen radicals, enhancers of antigen presentation, 

and inducers for tumor cytocytic factors. 

1angerhans Cells 

1angerhans cells, antigen-presenting macrophage-like cells, have 

an important role in immune reactions in the skin. Ultraviolet 

irradiation decreased human Langerhans cell membrane markers such as 
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ATPase staining, expression of OKT6 and HLA antigen (50). After 

vitamin A treatment for erythrokeratodermia variabilis (121) the 

surface markers were restored, including OKT6, HLA-Dr and ATPase 

staining. Retinol (5 ug/ml) produced an increase in IL-l production 

and an increase in the density of OKT6, HLA-Dr and ATPase markers on 

human gingival Langerhans cells after culturing for 48 hours in vitro 

(127). Thus, retinoids seem to have immunostimulatory effects on 

Langerhans cells, which are important in antigen presentation to 

T-lymphocytes in the skin. 

The Role of Cytokines 

Cytokines are normally produced from various immune cells during 

their activation. Interleukin 1 (IL-l) was predominantly produced 

from activated macrophages or monocytes (23,80) and rarely from NK 

cells (22). Primarily IL-l has the ability to activate T-lymphocytes, 

especially T-helper cells (38) and to increase the NK cell 

cytotoxicity (22). Interleukin 2 (IL-2) was produced from activated 

T-lymphocytes, especially T-helper cells (38,128). IL-2 has the 

capacity to proliferate T-helper cells (38,128) to help in the release 

of lymphokines from T-helper cells (81), in order to enhance the 

activity of lymphokine activated killer (LAK) cells (36,38) and of NK 

cells (38,81). The otner interleukins, IL-3 (134), 1L-4 (135), 1L-5 

(5,136) and IL-6 (43), were produced from activated T-lymphocytes. 

IL-3 has the ability to stimulate multipotential stem cells, whereas 

the others, IL-4, 1L-5, and 11-6 were important in B-lymphocyte 
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activation and differentiation (38). Interferon gamma (IFN-gamma) was 

produced from activated T-helper cells (9,71) and from NK cells 

(116). IFN-gamma has the ability to activate macrophages/monocytes 

(117) and to activate m< cells (71,116). Finally, the other cytokine, 

tumor necrosis factor (TNF) was produced primarily by activated 

macrophages/monocytes (25), by activated NK cells (84,85) and by 

activated peripheral blood T-lymphocytes (18). TNF has effects on the 

enhancement of tumor cell killing by activated macrophages/monocytes 

(25) and on the activa~ion of NK cells (124). 

Cytokines Interactions Hith Immune Cells 

Production of 11-1 was modulated by lymphokines produced by 

activated T-lymphocytes (80), and by the release of TNF from activated 

macrophages/monocytes (25) and from activated NK cells (85). 

Furthermore, the production of 11-2 from activated T-helper was also 

affected by 11-1 produced from activated macrophages/monocytes and, on 

expression of 11-2 receptors on activated T-lymphocytes (38). 

Secretion of IFN-gamma was mediated by the simultaneous production of 

11-2 from activated T-helper cells (38), by the 11-1 released from 

macrophages/monocytes (80), and by TNF (53). 

Finally, the production of TNF from activated macrophages 

(monocytes was mediated by the release of IFN-gamma from activated 

T-lymphocytes, especially, T-helper cells (84). Human peripheral 

blood mononuclear cells (PBMC) were induced by recombinant 1L-2 and by 

mitogens to secrete TNF-alpha and ~F-beta. Treatment of PBMC with 
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recombinant IL-2 and mitogen in combination with recombinant human 

IFN-gamma which resulted in augmented production of both TNF-alpha and 

TNF-beta (75). The intricate network of influences among various 

cytokines and interaction between various immune cells and cytokines, 

is extremely complex and very important in host defense mechanisms. 

Evidence that cytokines are released during retinoid- and 

carotenoid-induced immunomodulation: 

The production of IL-l from peritoneal macrophages was increased 

as the supplementation of retinyl palmitate increased in the diet 

given to CD-l mice for 10 weeks (69). In another study, peripheral 

blood mononuclear cells or macrophage cell line was able to produce 

both IL-l and IL-3 after incubation with retinoic acid for 3 days 

(115). Dillehay et al. (21) suggested that retinoic acid was capable 

of proliferating macrophage phagocytosis and elevating the IL-l 

activity at the level of the T-lymphocytes in mice. 

Prolonged administration of low doses of dietary retinoids have 

enhanced the cell-mediated immunity by producing IL-2 from activated 

splenocytes to reduce the growth of transplantable tumors in mice 

(27). The mechanisms of enhancement of macrophage functions by 

retinoids were perhaps mitigated by the release of IL-l. Such an 

enhancement can be regulated via a positive feedback system in which 

macrophages are stimulated by IFN-gamma produced by activated 

lymphocytes. In addition, retinoids appear to have potent stimulatory 



effects on T-lymphocyte functions that can occur independently of 

macrophages. This has yet to be studied in detail. 
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There is strong evidence that beta-carotene enhances many aspects 

of immune function. This includes lymphocyte proliferation, induction 

of specific effector cells capable of killing tumor cells, as well as 

the secretion factors required for the communication between 

immunologically competent cells. Recently, beta-carotene, 

administered locally at dose of 190 ng/ml, has reduced the number of 

tumors induced by DMBA in hamster buccal pouch. The authors 

correlated the regression of oral carcinoma in hamsters with the 

increased capacity of macrophages to lyse tumor cells and related into 

the induction of TNF measured by immunohistochemical staining (97). 

Studies of the enhanced termoncidal activity in animals which were 

given beta-carotene, are most exciting and open up a new frontier for 

carotenoid research. That these antitumor actions may be correlated 

with increased immuno competence provides an avenue for current and 

future studies on the mechanisms of a~tion of carotenoids at cellular 

levels. 



Chapter 3 

MATERIALS AND METHODS 

Human Subjects 

Eleven healthy young volunteers (25-35 year old males) were 

studied. None were taking any medication or using vitamin supplements 

during the study. Patients were recruited and blood samples 

collected. Sixteen patients ~'1ith oral leukoplakia and nine patients 

with Barrett's esophagus were treated with either beta-carotene or 

l3-cis retinoic acid, respectively. Three 10 mL tubes of blood were 

collected into sodium heparinized vacutainers (green tubes) from these 

subjects at time 0 (duplicate samples separated by at least one week), 

1-3 months, 6 months, and then off compound for 3 or 6 months (9 and 

12 months post-initiation of compound). 

Preparation of Peripheral Blood Cells 

Blood samples were obtained in heparinized vacutainer tubes. 

After the blood was layered onto the lymphocyte separating medium 

(Bionetics, Kensington, Maryland), mononuclear cells were isolated by 

density gradient centrifugation. The cells were washed twice with 

Hanks balanced salt solution (HBSS) (Gibco, Grand Island, New York) 

before resuspending in RPMI-1640 (Gibco) containing 10% (W/v) fetal 

bovine serum (FBS) (Gibco), penicillin (100 ug/ml), streptomycin 

(100 ug/ml) and sodium bicarbonate (2 mg/ml) and adjusting to the 

appropriate concentration for testing. 

15 
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Incubation With Test Compounds For In Vitro Studies 

Retinol, retinal, retinoic acid, l3-cis retinoic acid, 

beta-carotene, and canthaxanthin (Sigma Chemical Co., St. Louis, 

Missouri), and retinyl beta-glucuronide, (a kind gift from Drs. A.B. 

Barua, H.C. Furr, and James Olson of Iowa State University), were 

dissolved in 100% ethanol just prior to use in cell cultures. After 

sterilization by filtration the compounds were diluted in RPMI-1640 

medium to 10-4M• The control solution was medium containing 0.01% 

ethanol similarly treated. A media control without ethanol was also 

used, with no significant differences observed between the two 

controls on percentage of cells expressing lymphocytes surface 

markers. Isolated mononuclear cells after partial purification were 

incubated in final concentrations (1 x 10-5 to 1 x 10-9M) of 

retinoids and carotenoids for 72 hr at 370 C in a humidified 5% C02 

incubator. After the incubation, cells were washed three times with 

HBSS. Viability of cells was determined with eosin y. 

Preparation of Monocytes 

Blood (approximately 30 mL) was carefully layered over lymphocyte 

separation medium (10 mL) (Litton Bionetics, Kensington, MD) and 

o centrifuged at 22 C at 400 x g for 20 minutes. After removing the 

plasma for storage, the discrete band of mononuclear cells (mostly 

lymphocytes and monocytes) at the plasma-separation medium interface 

was aspirated with a sterile Pasteur pipette. The cell pellet was 

washed once in a 6 to 8-fold volume of Iscove's Modified Dulbecco's 
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Minimal Essential Medium (IDMEM-GIBCO) and centrifuged at 200 x g for 

10 minutes. Monocytes were separated from lymphocytes by the 

6 following adherence protocol: 30 x 10 cells/10 mL of IDMEM will be 

incubated twice (for one hour) on 100 mm x15 mm Fisher Bacteriological 

plastic petri dishes at 370 C under 5% CO2 , The non-adherent 

mononuclear cells were removed by extensive washing with IDMEM and 

adherent cells (monocytes) were removed using cell scrapers (COSTAR) 

after each incubation. Purified monocytes were centrifuged at 200 x g 

for 10 minutes and suspended in ID!1EM for assay. The purity was 

determined by measuring the percentage of monocytes with OKMl 

monoclonal antibodies with an EPICS. Viability was determined by 

Eosin Y dye exclusion. 

NK and T-Cell Purification 

Human peripheral blood leukocytes \'I'ere separated from buffy coats 

of blood from volunteers by centrifugation on Ficoll-Hypaque 

gradients. Enriched preparations of LGL were prepared on 

discontinuous gradients of Percoll (Pharmacia Fine Chemicals, Uppsala, 

Sweden) (113). Contaminating T-cells were eliminated from 

LGL-enriched fractions by removing cells that formed rosettes with 

o sheep red blood cells after incubation at 29 C for 1 hr. LGL were 

further treated with T-cell antibody for 30 min at 4oC. After 

o washing the cells, we incubated them for 1 hr at 37 C with low toxic 

rabbit complement (Cedar1ane Laboratories, Ltd., Hornby, Canada), 

which had been diluted 10-fold with medium 199 (Biof1uids, Inc., 

Rockville, MD) supplemented with 0.2% bovine serum albumin. 



18. 

Lymphocytes were prepared by removal of cells adherent to plastic 

surfaces and nylon ~.ool columns to deplete monocytes and B cell 

populations. T-cells were obtained from T-cell-enriched high density 

fractions of Percoll gradients. They were further treated ~.ith OKMl 

and complement, as described above. 

T-Lymphocyte Subpopulation Staining 

T-cell subpopulations were quantitated by indirect 

immunofluorescence (90) using monoclonal antibodies specific for 

peripheral monocytes, total T-cells, helper T-cells, and suppressor 

T-cells (OKMl, OKT3, OKT4, and OKT8 respectively; Ortho Diagnostics, 

Raritan, NJ). The number of cells with IL-2 (interleukin-2) receptors 

were measured with anti-IL-2 receptor (IL-2R) anti-sera. Changes in 

numbers of mononuclear cells will be clarified by measuring total 

B-cells (OKBl), and total T-cells (OKT3), and monocytes (OKMl). 

Antibodies specific for HLA-Dr, IL-2 receptor, NK cell, and 

transferrin receptor were obtained from Beckton-Dickinson Company. 

For each subject, cells in 100 ul of complete RPMI-1640 medium were 

added to 5 uL of the appropriate dilution of each monoclonal antibody 

and incubated on ice for 30 min. A conjugate control containing only 

the cell suspension was included. After incubation, each 

cell-antibody mixture was carefully layered onto the surface of 0.5 ml 

of neonate calf serum (NCS; Biocell Laboratories, Carson, CA) in a 

6 x 50 rom glass tube and centrifuged at 200 x g for five min. at 

o 22 C to separate the unbound from the cell-bound antibody. The 
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unbound antibody and underlying NCS were carefully removed. The cell 

pellet was suspended in 200 ul of fluorescein-labeled goat anti-mouse 

immunoglobulin diluted 1:15 in Dulbecco's Phosphate Buffered Saline 

(PBS; GIBCO) containing 2% NCS and incubated for 30 min on ice. The 

cells were layered over NCS and centrifuged to remove the unbound 

conjugate. The cells were analyzed by an EPICS V (83) flo,. cytometer 

(Coulter Immunology, Hialeah, FL). The relative number of helper (OKT 

4 positive) and suppressor (OKT8 positive) T-cells were determined as 

a percentage of the total lymphocyte population (OKT3 positive). The 

lymphocytes population was distinguished from monocytes and 

granulocytes by analysis of forward and wide angle light scatter (42). 

Flow Cytometry 

Light scatter analysis two-color fluorescence flow cytometric 

analyses were performed either on an Epics V cell sorter (Coulter 

Electronics). Utilizing the Argon-ion laser only, two-color 

fluorescence analyses or cell sorting were carried out by using one 

monoclonal antibody coupled to FITC and another conjugated to PE or a 

biotinylated antibody in conjunction with PE avidin (Beckton and 

Dickinson, Mountain View, CA). Cells labeled with only one dye were 

used to monitor spectral emission overlap. Correction for fluorescein 

spillover into the red (PE) channel was carried out by electronic 

compensation as described (78). IVhen Texas Red avidin, prepared as 

described (10), was used, cells were analyzed or sorted on the Epics 

V, equipped with a dual-laser system, Argon wavelength 488 rum (FITe), 
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and Krypton wavelength 568 rom (Texas Red). A detailed description of 

these two laser systems. Routinely, cells labeled with only one 

fluorochrome were used to assure absence of spectral emission 

overlap. Negative controls for dually stained cells contained 

isotype-matched mouse IgG-conjugated antibodies or irrelevant 

conjugated antibodies and Texas Red avidin. Control samples I,ere run 

at a fluorescence gain to give 5% positive fluorescence for each 

dye. Positive samples were analyzed at the same fluorescent settings, 

and both types of samples were displayed and were analyzed in the form 

of two-parameter histograms. Nonspecific fluorescence (red, green, or 

both) in the control samples was subtracted from values for red, 

green, or dual fluorescence in the positive samples to give percent 

positive fluorescence. The fluorescence associated with 10,000 

lymphocytes was collected on two parameter histograms of gzeen v red 

fluorescence by gating on the forward angle light-scatter signal. 

Histograms were analyzed to determine the number of cells stained with 

both monoclonal antibodies of each pair (24). 

Viability of Cells During Assay 

During the course of each experiment, the viability of the 

monocytes and lymphocytes used were checked by staining with Eosin Y, 

as described in other experiments. This dye was similar to an 

exclusion dye used by Fleit (26), and was superior to viability 

measurement with trypan blue, which was found not to be accurate in 

measurement of cell viability (67). This dye was excluded by viable 
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cells, and was a reliable indicator of cell viability. Results were 

recorded plus or minus one standard deviation per data point. 

Wrights Staining 

Smears were made from in vivo blood samples and stained with 

Wrights stain to obtain differential counts which might have clinical 

importance. 

Measurement of T-Cell Mitogenic Activity 

After treatment with compounds, the PBMC were then exposed to 

tetanus toxin or mitogens to determine their effects on stimulation of 

T-cell mitogenic activity. After plating, the PBMC were pulsed with 

tetanus toxin (TT, Calbiochem, LaJolla, CA) an CMI-antigen (88) or 

Pokeweed mitogen (PWM, Calbiochem) or TPA, phyto-hemoagg1utinin (PHA, 

Sigma), or with concanavalin A (ConA, Calbiochem). After serial 

dilutions of TT or mitogens, the optimal concentrations for T-cell 

stimulation were determined. For tetanus toxin, this was found to be 

1/400, for PHA 10 ug/ml, for PWM 4 ug/ml, for TPA 10 ng/m1, and 

8 ug/m1 for Con A. In the case of PBMC plated with PHA or ConA, the 

cells were incubated for 72 hours at 37oC; and in the case of cells 

incubated with TT, incubation was for 5 days. 

At a period of 18h before the end of the incubation periods, 100 

ul of a solution of tritiated thymidine (NEN) in complete media was 

added to each well. The specific activity of the solution was 10 

uCi/m1. After incubation, the cells were harvested on filter paper 

strips using a cell harvester. The cells' uptake of the radionuclide 
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was assayed by counting beta emission in liquid scintillation cocktail 

(Omniflor, NEN). Results are expressed as the stimulation index, 

which is defined as (130): 

CPM sample 
CPM control 

x 100 = S.!. 

NK Cell Cytotoxicity 

51 The NK cell assay utilizing [ Cr]-labeled target cells has been 

4 
described (133). Briefly, the labeled target cells (1 x 10 

cells/well) were mixed with varying numbers of effector cells in 

V-bottom microtest plates (Falcon Plastics) and centrifuged at 100 g 

for 5 min. After 4 hours (for leukemic cell targets) of incubation at 

37oC, the plates were centrifuged at 400 g for 5 min, and a portion 

of the supernatant was collected from each well and counted in a gamma 

counter. Percent specific lysis was defined as the percent specific 

51 Cr released, or as [(experimental release-- spontaneous release) 

divided by (maximum release--spontaneous release)] x 100. 

51 Experimental release was determined from the amount of Cr released 

by the targets when incubated with effector cells and was measured in 

counts per minute. Spontaneous release was determined from the amount 

of 5lCr released by the targets when incubated in complete medium 

alone. Maximum release was determined from the amount of 5lCr 

released when the targets Here incubated with 5% (vol/vol) NP-40 

detergent. Each assay was done in quadruplicate. 
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Measurement of Tumor Cell Cytotoxicity By Monocytes 

Assaying Cytotoxicity: One hundred thousand viable, adherence 

purified mononuclear cells in 100 uL of IDMEM was dispensed into flat 

bottom 96-well microtiter plates. 100 uL of monocytes were added into 

a microtiter well containing 1 x 103 viable mouse leukemia L929 

cells in IDMEM. Final culture volume was 200 uL. After incubation 

o for 72 hours at 37 C under 5% CO2 , the plates containing the tumor 

cell-monocyte culture supernatant mixtures were centrifuged as before 

and wells were washed once with Hank's Balanced Salts Solution 

(HBSS-GIBCO). Five micrograms of 

3-(4,5-Dimethylthiazoyl-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT-Sigma) in 100 uL of IDMEM was then added to these wells. The 

o plates were incubated at 37 C for 4 hours, the unreacted MTT removed 

by aspiration (35), and the insoluble tetrazolium salt ~vas solubilized 

with 100 uL of ad.dified isopropanol. The absorbence of each well at 

570 nm was determined with a Titertek Multiskan (Flow Laboratories, 

Inglewood, CA). The percent cytotoxicity was calculated by the 

following equation (76): 

% Cytotoxicity = ( 1 (Experimental CP11 - Background CPM) x 100 
(Total CPM - Background CPM) 

Preparation of Radiolabeled Target Cells: Two days prior to assay 

the target cells were subcultured by dilution to 100 x 103 cells/mL 

with a complete medium (CM) consisting of Iscove's Modified Dulbecco's 

Minimal Essential Medium (GIBCO) containing 10% heat inactivated fetal 
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bovine serum (GIBCO). One day prior to assay the CM was removed and 

replaced with fresh media containing 0.5 uCi of [125I ]_UDR/mL 

(NEN). On the day of assay the target cells were harvested and 

3 1 x 10 VIABLE cells were aliquoted into the wells of a flat bottom 

96-well micro titer plate. Then, one hundred thousand of the patient's 

monocytes were ali quoted into the wells to achieve an effector to 

target cell ratio (E:T) of 100:1. Final culture volume was 

0.2 mL/well (30). 

Measurement of Phagocytosis 

Preparation of Opsonized Sheep Red Blood Cells: The procedure 

used was similar to that used earlier by Moriguchi (68). On the day 

of assay 3 mL of a 10% solution of sheep red blood cells (SRBC in 

Alsevier's solution--GIBCO) were washed twice in HBSS, the packed SRBC 

were suspended in 7-8 mL of HBSS and 0.2 mL of 1:100 diluted goat 

anti-SRBC (Accurate Chemical Corp.) polyclonal anti-serum was added. 

This mixture was vortexed and incubated at 370 C under 5% CO2 for 1 

hour. Following this incubation, the opsonized SRBC was washed twice 

with HBSS and the packed SRBC were suspended in 10 mL of serum free 

IDMEM containing 0.5 mCi of Chromium-51 (NEN). This mixture was 

incubated as before for 1 hour and the cells were suspended every 15 

min to insure uniform labeling. 51 The [ Cr]-SRBC were washed as 

previously described, the packed cells suspended in a 10-fold volume 

of CM and incubated for 1 hour at 37 0 C under 5% CO2 to reduce 

non-specific background radioactivity. These cells were washed twice 



with HBSS and suspended in 10- 12 mL of CM, counted on a Neibauer 

hemocytometer, and approximately 5 x 106 r51Cr]- SRBC were 

a1iquoted into each well in 24-we11 culture plates. 
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Assay of Phagocytosis: Quadruplicate wells were, already contain 

500 x 103 of the patient's monocytes in 0.5 mL of CM, added with 

0.5 m1 of the labeled SRBC and incubated. Final assay volume was 1.0 

mL/we11. Following incubation for 2 hrs. at 370 C under 5% CO
2 

the 

51 non-adherent r Cr]-SRBC were removed by aspiration and each well 

was washed once with HBSS. The adherent but non-phagocytized 

51 r Crp-SRBC were removed by incubating each well with 0.5 mL of 

370 C Tris-ammonium chloride SRBC lysing buffer for 10 min followed 

by aspiration and two gentle washes with HBSS. The remaining cells 

(monocytes and phagocytized r51Cr]-SRBC) were lysed by the addition 

of 0.1 mL of 1% NP-40. The plate was incubated for 30 min. as 

previously described, the lysate collected onto cotton swabs and the 

51 amount of phagocytized r Cr]-SRBC was measured in a gamma counter. 

The percent of r51Cr]-SRBC phagocytized was calculated by the 

following equation: 

PERCENT 
[51Cr]-SRBC = ( 
PHAGOCYTIZED 

(EXPERIMENTAL CPM - BACKGROUND CPM) 
(TOTAL CPM - BACKGROUND CPM) 

) X 100 

Measurement of Inter1eukin I, II, IFN-Gamma and TNF 

Plasma samples from our cell separation gradient were frozen at 

-700 C until analyzed for Interleukin I and II, IFN-gamma, and TNF 

ELISA kits (Genzyme, Boston, XA) (64). Wells of round-bottomed 
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96-well polystyrol microtiter plates were incubated at 4°c overnight 

with 0.1 ml of purified IgM (6 mcg/ml) in PBS containing 0.02% NaN3 

(PBS/NaN3). The antibody solution was removed and the plates were 

then incubated at 370 C for 1 h with PBS/Nru~3 containing 3% bovine 

serum albumin (BSA) in order to block non-specific binding sites, and 

consequently washed twice with PBS containing 0.1% Tween 20 

(PBS/Tween). To the wells were added 0.1 ml of 2-fold serial 

dilutions of the plasma samples containing the IL-l, IL-2, IFN-gamma, 

and TNF. In parallel, similar dilutions of the reference reagent were 

always included as a calibration standard. Sample dilutions 'iere 

performed using the lysis buffer. The plates were incubated for 1 h 

at 37oC. They were then washed with PBS/Tween three times and 

allowed to react with 0.1 ml of biotinylated IgG at 0.5-1 g/ml in 

PBS/NaN3 containing 1% BSA for 1 h at 37oC, followed by washes 

with PBS/Tween. Biotinylated antibody bound to the wells was detected 

by incubation for 1 h at 370 C with 0.1 ml of a 1/1000 dilution of 

streptavidin-biotinylated peroxidase complex in PBS containing 1% BSA, 

followed by washes with PBS/Tween and incubation at 370 C with 0.1 ml 

of peroxidase substrate containing 0.55 mg of 

2.2'-azino-bis93-ethylbenz-thiazolinesulfonic acid) (ABTS; Sigma) in 

0.1 M citrate/phosphate buffer (pH 5.3). After 30 min the reaction 

was stopped by the addition of 50 1 of 0.1 M citric acid containing 

0.1% NaN3• The absorbence of the wells was determined at 405 nm by 

a Titertek ELISA reader (Flow Laboratories). 
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Effects of Anti-Cytokine Antibodies 

To determine if cytokines induced by retinoids and carotenoids, 

also were important in immunostimulation, they were inhibited by 

antisera. The inhibition of immuno-regulatory cytokines by anti-sera 

was done by the addit~on of anti-cytokine antibodies, such as 

anti-IL-l (cistron, Pine Brook, NJ); anti-gamma-IFN (Interferon 

Research, New Bruns,.ick, NJ); anti-IL-2 and anti-TNF (Endogen, Boston, 

MA) to lymphoid cell cultures. In addition, cyclosporin A (Abbot 

Pharm., North Chicago, IL), actinomycin D and cyclohexamide 

(Calbiochem, San Diego, CA) as a general controls to inhibit the 

cytokine synthesis were also added to the lymphocyte culture media 

alters (a) number of cells with surface markers, (b) mitogenesis or 

(c) cytotoxicity after exposure to retinoids and carotenoids. Each of 

the antibodies was diluted in RPMI to have a concentration of 

3 
5 x 10 neutralizing units/ml, for cyclosporin, 100 ng/ml, for 

actinomycin D and cyclohexamide, 100 ug/ml. 

Statistical Analysis 

Analysis of variance was performed on both the individual 

experiments performed in each assay, as well as on each experimental 

group as a whole. The calculations were performed on a IBM-PC 

computer using the Sigma plot and supercal 4 programs. Results were 

expressed at a significance level of p 0.05 using student 'T' test. 



Chapter 4 

RESULTS 

Effects of Incubation Periods 

When purified PBMC from six subjects were incubated with l3-CRA 

for 3 days, T-helper cells were increased significantly, but not after 

36 hours of incubation. Similarly, the number of m< cells were 

significantly increased after 72 hours incubation with BC but not 

after 36 hours of incubation. The viability of cells was measured at 

the end of each experiment which was over 90% in comparison with 98% 

of control samples as indicated in Table 1. 

Effects of Various Concentrations of Test Compounds 

Purified PBMC from six subjects were incubated with various 

-4 -12 concentrations (10 - 10 M) of l3-CRA and BC for 72 hours in 

CO2 incubator. The percentage of m< cells was significantly 

(P<0.05) increased as concentrations of BC increased from 10-12M to 

10-4M• There was no change observed in the percentage of T-helper 

cells by the various concentrations of BC (Fig. 1). The decrease in 

the percentage of total T-lymphocytes measured with OKTll antibody vIas 

significant (P< 0.05) at 10-611 and 10-5M of l3-CRA. The increase 

in the percentage of T-helper cells measured by OKT4 antibody was 

-8 -9 significant at 10 M and 10 M of l3-CRA. The percentage of 

T-suppressor measured by OKT8 antibody was increased as concentrations 

of l3-CRA increased but they were not statistically different (Fig. 2) 

with media control samples. 
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Figure 1: Percentage of T -Helper Cens and 
NK Cens at Various Concentrations 
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Figure 2: Percentage of T -Lymphocyte 
Subpopulations by Varying Concentrations of 13-cRA 
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On the basis of above results, all the experimental cells used for 

in vitro studies throughout this research, were incubated for 72 hours 

at 10-8M concentration of either 13-CRA or BC which is clinically 

achievable. 

Effects of 13-CRA and BC on Surface Markers of T-Lymphocyte 

Subpopu1ations 

1) Activation of T-Lymphocytes: Figure 3 indicates that there was no 

significant changes in the percentages of T-suppressor cells and in 

the percentages of total T-1ymphocytes. The mean percentages of 

T-he1per cells from eleven samples were increased greater by l3-CRA 

than BC after 3 days of incubation (Figure 3). When PBMC, collected 

from nine patients of Barrett's esophagus (BE) were analyzed, the 

percentage of T-he1per cells were increased significantly after 2 or 3 

months treatment of l3-CRA (Fig. 4). After calculation of absolute 

number of T-helper cells using differential counts, the number of 

T-helper cells were enhanced significantly by the treatment of l3-CRA 

after 2 months (Fig. 5). When PBMC collected from 16 patients of oral 

leukoplakia (OL) were analyzed, the percentage of T-helper cells were 

not significantly increased after 2 months treatment of BC. The 

percentage of T-suppressor cells measured by OKT8 and the percentage 

of total T-lymphocytes measured either by OKTll or by OKT3 ~vere not 

changed during the treatment of either compound, from the two groups 

of patients. The percentage of T-helper cells were increased normally 

in peak after 2 months of treatment of l3-CRA in Barrett's esophagus 
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Figure 3: . Effects of 13-cis Retinoic Acid and 
Beta-Carotene on T -Cen Subpopulations in Vitro 
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Figure 4: Percentage of T -Helper Cens from 
Patients Treated with 13-cRA and Be 
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patients. As per recruiting protocol, the l3-CRA treatment in 

Barrett's esophagus patients was stopped after 3 months. The 

percentage of T-helper cells appeared to be reaching base line level 

after 3 month post-treatment of l3-CRA in these Barrett's esophagus 

patients. The majority of T-helper cells were leu 8-positive before 

the treatment l3-CRA, whereas, most of T-helper cells were leu 

8-negative after the treatment of 13-CRA for 2 months (Fig. 6). These 

results indicate that l3-CRA was able to increase percentage of 

T-helper cells more significantly than BC. 

2) Activation of NK Cells: The percentage of me cells were 

significantly (P<O.05) increased after 3 day incubation with BC 

(Fig. 7). After treating oral leukoplakia patients for 2 or 3 months 

with BC, the percent of NK cells were increased significantly 

(Fig. 8). But, treatment of l3-CRA did not show any significant 

changes in the percentages of NK cells both in vitro and in vivo 

studies. As per recruiting protocol, the treatment of BC was stopped 

at 3 or 6 months depending on the no response or clinical response of 

oral leukoplakia patients respectively. The percent of NK cells were 

decreased to the level of pre-treatment values during the 3 or 6 month 

post-treatment of BC. The percentage of NK cells measured with Leu 11 

antibody was predominantly Leu 7-negative during the treatment of BC 

(Fig. 9). There were no significant changes in macrophages measured 

by OKMl antibody and in B-lymphocytes measured by OKBl antibody during 

the treatment of l3-CRA and BC. 
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Figure 6: Double Staining of T -Helper Cells with 
Leu8 Antibody After the Treatment of 13-cRA 
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Figure 7: Effects of 13-cis Retinoic Acid and Beta
Carotene on Natural Killer Cens in Vitro 
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Figure 8: Measurement of Percent of NK Cells 
After Treatment with 13-cRA or Be 
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. Figure 9: Double Stanining of NK Cells with 
Leu 7 Antibody After Treatment with Be 
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Measurement of Expression of Activation Markers 

During the Treatment of l3-CRA and BC 

40. 

The percentage of expression of activation markers on PBMC was 

significantly increased by the incubation of l3-CRA and BC for three 

days (Fig. 10). The percent of IL-2 receptor expression on PBMC was 

greater by the incubation of BC than by the incubation with l3-CRA. 

On the other hand, the percent of expression of transferrin receptors 

and HLA-Dr antigen was much greater by the incubation with l3-CRA than 

with BC after 3 days. 

The expression of IL-2 receptors on PBMC was significantly 

elevated after the treatment of BC for 2 or 3 months in comparison 

with their pre-treatment values in oral leukoplakia patients 

(Fig. 11). The expression of IL-2 receptors on PBMC was significantly 

elevated after the treatment of l3-CRA for two months in comparison 

with their pre-treatment values in Barrett's esophagus patients. In 

both patient groups, the increase of expression of IL-2 receptors by 

l3-CRA and BC gradually reached their base line values after 3 or 6 

month post-treatment of the compounds. Majority of IL-2 receptors 

induced by three days incubation of l3-CRA, expressed on T-helper 

cells were measured by double staining cells (Fig. 12). IL-2 

receptors induced by three days incubation of BC, were expressed 

predominantly on NK cells. 

The expression of HLA-Dr antigen on PBMe Ivas significantly 

enhanced after the treatment of l3-CRA for 1 or 2 or 3 months in 
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Figure 10: Effects of 13-cis Retinoic Acid and 
Beta-Carotene on Activation markers of T -Cells in Vitro 
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Figure 11: Measurement of Percent of IL -2 Receptor 
Expression During Treatment with 13-cRA or Be 
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Figure 12: Percentage of T -Helper Cells and NK Cens 
Double Stained with IL2 Receptor Antibody after 3 Days 

Incubation with 13-cRA or Be 
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Barrett's esophagus patients (Fig. 13). BC also showed an increase in 

the expression of HLA-Dr after two months of treatment in oral 

leukoplakia patients. The increase of HLA-Dr antigen expression 

changed l3-CRA was not associated with T-helper cells after 3 days of 

incubation (Fig. 14). Similarly, BC-induced increase of HLA-Dr 

antigen was not predominantly expressed on NK cells after 2 months 

treatment in oral leukoplakia patients. 

The percentage of the expression of TFR on PBMC was significantly 

expressed after the 2 months of treatment of l3-CRA in Barrett's 

esophagus patients (Fig. 15). This increase of TFR expression was 

associated with T-helper cells (Fig. 16). 

In general, the increase in the activation markers, such as, IL-2 

and TF receptors, was primarily associated on T-helper cells during 

the treatment l3-CRA. Whereas, BC-induced enhancement of IL-2 

receptors was associated with NK cells. The increase in the expression 

of HLA-Dr antigen induced by either test compounds, was not associated 

with the increase T-helper cells or with the increase of NK cells. 

Measurement of Functional Assays 

NK cell cytotoxicity and mitogenesis were studied to see if the 

enhancement induced by l3-CRA and BC on the percentage of cells with 

various surface marker and activation markers \~as translatable into 

increase in their functional responses. 

Enhancement of NK Cytotoxicity: To obtain the optimum 

effector:target ratio (E:T), NK cytotoxicity was measured using 
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Figure 13: Measurement of Expression of HLA-Dr 
Antigen During Treatment with 13-cRA or Be 
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-<tFigure 14: Double Staining of T -Helper Cells and NK 
Cells for HLA-Dr Antigen After 3 Day Incubation 

with 13-cRA or Be 
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Figure 15: Measurement of TFR Expression on 
PBMC During Treatment with 13-cRA or Be 
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Figure 16: Dual Staining of T -Helper Cells with TFR 
Antibody After 3 Day Incubation with 13-cRA 
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various E:T ratios after 3 days of incubation with BC. The E:T ratio 

which showed optimum NK cytotoxicity was 50:1 which had been used as a 

standard E:T throughout NK cytotoxicity assays (Fig. 17). The percent 

of NK cytotoxicity against K562 tumor target cells, human 

erythro-myeroid cell line, was significantly different from the medium 

controls after 3 day incubation with BC (Fig. 18). The other target 

cells, such as L929, a mouse leukemia cell line, and A375, a human 

melanoma cell line, were also sensitive to the NK cells after the 

incubation with BC. The tumor target cells, grown from an oral 

leukoplakia patient (Tal), were sensitive to NK cells after the 

incubation with Be for 3 days. On the other hand, l3-CRA showed no 

increase in the sensitivity of NK cells against the above mentioned 

tumor target cells. The target cell line, RFl, grown after isolation 

from a Barrett's esophagus patient, showed greater sensitivity to NK 

cells after BC incubation than l3-CRA incubation (Fig. 18). 

The percent of NK cell cytotoxicity against K562 target cells (E:T 

50:1), was significantly higher after 2 month treatment of BC in 

comparison with their pre-treatment values in nine oral leukoplakia 

patients (Fig. 19). Whereas, l3-CRA showed no enhancement of NK cells 

collected from six Barrett's esophagus patients after treatment for 2 

months. 

Enhancement of Mitogenic Response: The concentration of PHA at 10 

ug/ml showed optimum response of PBMC during the incubation with 

l3-CRA which had been used as a standard for all the mitogenic 



o 
l1"l 

Figure 17: Measurement of NK Cytotoxicity Using 
Various E:T Ratios During Incubation with Be 
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Figure 18: Measurement of NK Cytotoxicity 
Against Various Target Cells During the Incubation 

with 13-cRA and Be 
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Figure 19: Measurement of NK Cytotoxicity After 
Two Months Treatment with 13-cRA or Be 
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experiments (Fig. 20). The other mitogens tested such as, Con A, and 

PWM; and an antigen, tetanus toxoid, shol{ed no significant increase in 

mitog~nic/antigenic responses measured by thymidine incorporation 

assays, after incubation with 13-CRA (Fig. 21). On the other hand, 

TPA, an initiator for carcinogenesis, in combination with l3-CRA 

stimulated significantly PBMC more than TPA itself after 3 days of 

incubation (Fig. 22). But, BC in combination with any stimulus agent 

mentioned above was unable to stimulate PBMC after the incubation for 

3 days. Purified PBMe collected from six Barrett's esophagus 

patients, showed significant increase in their PHA responses after the 

treatment of l3-CRA for tl{O months (Fig. 23). 

Influence of Macrophages 

Retinoid- and carotenoid-induced immunostimulation on T-helper 

cells and NK cells respectively, was studied in the absence of 

macrophages to see if the macro phages have any significant influences 

on lymphocyte activation. The increase in the percentages of T-helper 

or in the percentage of IiK induced by either l3-eRA or BC was not 

significantly lowered by removal of almost all macrophages/monocytes 

from purified PBMe (Fig. 24). Both l3-CRA and BC activated blood 

monocytes from six patients for each to enhance their cytotoxicity 

significantly against L929 target cells (100:1) after 2 months 

treatment in comparison with pre-treatment values (P<O.OS). However, 

there was no significant change in the percent of SRBC phagocytozed by 

monocytes isolated after two months treatment from either Barrett's 
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Figure 20: Measurement of PHA Response of 
Various Concentrations During Incubation 
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Figure 21: Measurement of Various Mitogenic 
Responses During Incubation with 13-cRA or Be 
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Figure 22: Measurement of Response Induced 
by Tetanus Toxoid and TPA During 3 Days Incubation 

with 13-cRA orC 
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Figure 23: Measurement of PHA Response 
During Treatment with 13-cRA or Be 
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Figure 24: Influence of Macrophages on 
13-cRA and Be Induced Increases of the Percent of 

T -Helper and NK Cells 
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esophagus patients treated with l3-CRA or oral leukoplakia patients 

treated with Be (Fig. 25). 

The Role of Cytokines in Retinoid- and 

Carotenoid-Induced Immunostimulation 

Plasma Levels of Cytokines: To examine the role of cytokines in 

retinoid- and carotenoid-induced immunostimulation, the plasma samples 

collected from Barrett's esophagus patients and oral leukoplakia 

o patients were stored at -70 C until assayed. The plasma levels of 

TNF was significantly increased after the treatment of BC for two 

months in oral leukoplakia patients in comparison with their 

pre-treatment values measured by ELISA assay. On the other hand, the 

plasma levels of IL-l and IFN-gamma were not significantly increased 

in oral leukoplakia patients during the treatment of BC (Fig. 26). In 

contrast, the plasma levels of IL-l and IFN-gamma were significantly 

increased after the treatment of l3-CRA for 2 months in Barrett's 

esophagus patients in comparison with their pre-treatment levels 

(Fig. 27). But there was no significant difference in the TNF plasma 

levels between pre-treatment and 2 months treatment samples obtained 

from l3-CRA treated Barrett's esophagus patients. 

l3-CRA produced significant increase in IL-2 production in plasma 

after 2 months of treatment in comparison with their pre-treatment 

levels in Barrett's esopr~gus patients. But, Be produced an increase 

in the release of IL-2 in plasma samples collected from oral 

leukoplakia patients who 1 .. ere treated for two months 1'i'hich is not 
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Figure 25: Percent of Cytotoxicity and Phagocytosis 
During Treatment with 13-cRA or Be 
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Figure 26: Production of IL -1, TNF and 
IFN-gamma in Plasma Samples Collected from Oral 

Leukoplakia Patients During Treatment with Be 
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Figure 27: . Production of Il-1, TNF and IFN-gamma 
in Plasma Samples Collected from Barretts Esophagus 

Patients During Treatment with 13-cRA 
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statistically different than their base line levels measured with 

ELISA kits (Fig. 28). 

Inhibitory Effects of Anti-Cytokine Antibodies: To examine the 

direct influence of individual cytokine on retinoid- and 

carotenoid-induced activation on T-helper and m< cells, purified cells 

were incubated with anti-cytokine antibodies to neutralize, at a final 

3 concentration of 5 x 10 NU/ml, the individual cytokines which may 

have been released by either l3-CRA or BC. After the incubation with 

BC for 3 days anti-TNF antibody significantly inhibited the percent of 

m< cells in comparison with cells incubated with BC alone (Figure 

29). However, the percent of m< cells was still significantly greater 

after inhibition than medium control values. But, the other 

anti-cytokine antibodies, such as anti-IL-I, anti-IL-2 and 

anti-IFN-gamma have shown no significant decrease in the percentage of 

m< cells after the incubation with BC for three days in comparison 

with percentage of m< cells induced by BC alone. To observe if this 

partial inhibition of the number of m< cells by anti-TNF-antibody 

yielded inhibition of m< cells function, NK cell cytotoxicity was 

measured after the stimulation by BC. Again, anti-TNF antibody has 

produced a significant decrease in m< cell cytotoxicity after three 

day incubation with BC in comparison with NK cell cytotoxicity induced 

by BC alone (Fig. 30). m< cell cytotoxicity inhibited by 

anti-TNF-antibody was still higher by over 50% than normal NK cell 

cytotoxicity measured with any stimulus during the incubation. 
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Figure 28: Production of IL -2 in Plasma Samples 
After 2 Months Treatment with 13-cRA or Be 
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Figure 29: Inhibitory Effects of Anti-Cytokine 
Antibodies on the Percentage of NK Cells During 

incubation with Be for 3 Days 
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Figure 30: Inhibitory Effects of Anti-Cytokine 
Antibodies on NK Cytotoxicity Induced by Be in Vitro 
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The other anti-cytokine antibodies, such as anti-IL-l, anti-IL-2 

and anti-IFN-gamma, have sholvu no significant inhibition in the 

BC-induced NK cell cytotoxiclty. In contrast, the increase in the 

expression of IL-2 receptors was not significantly altered by the 

incubation of anti-cytokine antibodies, including anti-IL-l, 

anti-IFN-gamma and, especially, anti-TNF along with BC. However, 

anti-IL-2 antibody and cyclosporin A, at a final concentration of 

100 ng/ml, shown significant inhibition in the percent of expression 

of IL-2 receptors on PBMC in comparison with BC-induced expression of 

IL-2 receptors (Fig. 31). 

Studies on the inhibitory effects of individual anti-cytokine 

antibodies on 13-CRA induced immunoenhancement of T-helper cells 

demonstrated that anti-cytokine antibodies, such as anti-IL-l, 

anti-IL-2, anti-TNF, and anti-IFN-gamma have no significant reduction 

in the percent of T-helper cells measured by OKT4 antibody after 

incubation with l3-CRA for 3 days (Fig. 32). In contrast, anti-IL-2 

antibody inhibited significantly the ability of T-helper cells in 

response to PHA, whereas all other anti-cytokine antibodies showed no 

alterations in l3-CRA-induced T-helper cell increased response to PHA 

(Fig. 33). 

Inhibitory Effect of Actinomycin D and Cyclohexamide 

TNF and IL-2 have shOlvu significant, but not complete, control 

over BC-induced W~ cell activation, and over 13-eRA-induced T-helper 

cell activation, respectively. Therefore, studies ,.ere conducted to 
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Figure 31: Inhibitory Effects of Anti-Cytokine 
Antibodies and Cyclosporin A on Percentage of PBMC 
Expressing IL -2 Receptors During Incubation with Be 
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Figure 32: Inhibitory Effects of Anti-Cytokine 
Antibodies on the Percentage of T -Helper Cells 

Induced by 13-cRA in Vitro 
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Figure 33: Inhibitory Effects of Il-2 
Antibody on the PHA Response of PBMC During 

Incubation with 13-cRA 
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determine whether transcriptional or translational levels of control 

by Be or l3-cRA affected the synthesis and release of these 

cytokines. Actinomycin D, a DNA synthesis inhibitor, and 

cyclohexamide, a protein synthesis inhibitor, were used at a 

concentration of 100 ug/ml to incubate alone with test compounds to 

assess the blockage of synthesis of an individual cytokine induced by 

Be or l3-eRA. Both actinomycin D and cyclohexamide significantly 

blocked the production of TNF induced by BC (Fig. 34). But these 

inhibitors were unable to stop completely the release of TNF induced 

by BC in comparison with control values. In contrast, both the 

inhibitors were able to block totally the production of IL-2 induced 

by 13-eRA in comparison ~vith control values (Fig. 35). 
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Figure 35: Inhibitory Effects of Actinomycin D 
and Cyclohexamide on the Release of IL -2 During 

3 Day Incubation with 13-cRA 
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DISCUSSION 

Initial experiments indicate that significant changes in the 

number of T-helper cells and N'~ cells occur only after 72 hours 

incubation, but not after 36 hours incubation with l3-cRA and BC 

respectively in PBMC. Evidence in the literature suggested that 

vitamin compounds were incubated for 3 or 4 days in vitro to evaluate 

T-lymphocyte responses '(1,105,120). The test compounds seem to 

require 72 hours in order to induce the significant increases in 

T-lymphocyte subpopulations, indicating that induced effect is slow 

possibly due to interactions among immune cells. However, the 

incubation period was chosen for all in vitro experiments throughout 

this research. The viability of the experimental cells was 

satisfactory (above 90%) as indicated in Table 1. 

The number of T-helper cells and NK cells were significantly 

increased as concentrations of l3-cRA and BC increased. Several 

reports showed that high doses of retinoids, especially l3-cRA, have 

demonstrated severe toxicity; for example, chapping of skin, 

abnormalities in liver function and severe congenital abnormalities to 

the fetus (60,73) as indicated in Appendix 2. Therefore, the 

concentrations of l3-cRA and BC chosen for use throughout this 

-8 research were 10 moles. Pharmacological studies indicate that 

non-toxic plasma levels for these test compounds were attained ~ihen 

administered at the above mentioned concentration (17,61,130). 

74 
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Beta-carotene and l3-cRA were selected for study because of their 

effectiveness in various cancer prevention trials (55,56,91). In 

addition, they were being used in two clinical trials at University 

Medical Center/Cancer Center (Barrett's esophagus treated with l3-cRA 

and oral leukoplakia treated with BC). Barrett's esophagus is a 

condition in which metaplastic columnar epithelium replaces the normal 

squamous lining of the esophagus (6,106) and it has been suggested as 

a premalignant lesion to adenocarcinoma (13). A white lesion in the 

oral cavity that does not rub off, known as oral leukoplakia, has been 

associated with oral cancer (126). -8 l3-cRA (10 M) elevated 

predominantly the percent of T-helper cells in PBMC after incubation 

for 3 days. At higher concentrations (10-4M) l3-cRA reduced 

T-lymphocytes, perhaps due to toxicity of the compound to the 

experimental cells, PBMC (126). Furthermore, the percent of T-helper 

cells were significantly (P 0.05) increased in PBMC collected from 

nine Barratt's esophagus patients after 2 months treatment of l3-cRA 

(1 mg/Kg/day). T-helper and T-suppressor cell ratios were increased 

from 2.1 to 4.3 after treatment with l3-cRA (0.13 mg/Kg/day) for six 

months (130). Also, in agreement with our results, McKerrow et al. 

reported that isotretinoin showed no significant increase in T-helper 

cells collected from patients with acne and related disorders after 3 

months of treatment (65). We found no change in the percent of 

T-suppressor cells, total I-lymphocytes and percent of B-lymphocytes 

either in in vitro or in vivo studies by l3-cRA and BC. In our 
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experiments, the majority of T-helper cells elevated by l3-cRA were 

also Leu 8 negative cells 'ihich are associated with the 

differentiation process of B-lymphocytes to secrete antibodies (28). 

It is not surprising, therefore, that Jurin et al. (48) reported that 

retinoids enhance the antibody responses in animal experiments. 

Sidell et al. (101) demonstrated that retinoic acid elevated by three 

fold the antibody-producing cells from human tonsilar lymphocytes 

sensitized to SRBC. The effects of l3-cRA were gradually diminished 

after the cessation of the treatment suggesting that these changes 

were drug dependent. 

BC showed an increase in the percent of T-helper cells both in 

vitro and in vivo studies 'ihich are not statistically significant from 

the media control values. However, Alexander et al. (3) observed that 

the number of OKT4 (T-helper) positive cells were significantly 

increased in normal human volunteers given 180 mg/day BC for 2 weeks. 

The dose of BC given to human volunteers was 6 times higher than the 

dose given to the oral leukoplakia patients, which may explain their 

significant changes in T-helper cells. Thus, our data from this study 

suggested that higher doses of BC might enhance T-helper cells (3). 

Even at such high doses, the authors (3) reported that no toxicity was 

observed except for diarrhea in one subject towards the end of the 

treatment. 

BC significantly increased the percent of NK cells in PBMC after 

incubation for three days in vitro as well as after the treatment for 
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2 or 3 months in oral leukoplakia patients. Most of the increased NK 

cells by BC were Leu 7 negative NK cells ~~hich means that BC enhances 

cytotoxic potential of NK cells. The BC-induced effect on NK cells 

declined during the treatment and reached the pre-treatment level 

during 3 or 6 months after cessation of treatment. This indicates 

that the effect on NK cells is related to the compound as it 

disappeared after the removal of BC. l3-cRA provided in vitro or 

in vivo showed no significant changes in the percent of NK cells. 

l3-cRA elevated Leu 8-negative T-helper cells and BC increased Leu 

7-negative NK cells measured by Leu 11 antibody both in vitro and in 

vivo. Therefore, studies were conducted to investigate how these 

compounds caused increased numbers of T-helper cells and NK cells to 

express activation markers. 

The classical activation of T-helper cells by an antigen is 

initiated by an 1L-l signal followed by the processing and 

presentation of antigen by macrophages. Mature T-helper cells then 

increase the cytoplasmic concentrations of free calcium and activate 

protein kinase C (PKC). This induces the production of 1L-2, the 

expression of 1L-2 receptors and HLA-Dr antigen by responding T-helper 

cells. The binding of 1L-2 to its cell surface receptors initiates a 

further series of events, including the expression of transferrin 

receptors which eventually results in T-helper cell proliferation 

(12,89). Three different activation markers were chosen to evaluate 

activation induced by l3-cRA and BC. Both l3-cR..<\ and BC enhanced the 
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expression of all three activativn markers in PBMC after three days of 

incubation in vitro. More cells were found with transferrin receptors 

and HLA-Dr antigen induced by l3-cRA than BC in PBMC. In contrast, 

expression of 11-2 receptors was increased more by BC than by l3-cRA 

in PBMC. Most 11-2 receptors induced by BC and l3-cRA were shown to 

be associated with NK cells and T-helper cells, respectively. Sidell 

et al. (103) demonstrated that retinoic acid upregulated the 

I1-2-receptors on activated human thymocytes by potentiating markedly 

the growth of long-term rI1-2 dependent thymocytes and increasing the 

I1-2R expression on these proliferating cells. Isakov observed that 

T-cell derived Ca2+-dependent PKC was activated by l3-cRA, but not 

by BC (46). Chaudhri et al. (14) have shown that unlike BC, other 

antioxidants have inhibited the expression of 11-2 receptors in 

T-lymphocytes stimulated with PMA and ionomycin. Several reports 

indicated that NK cells express 11-2 receptors during their activation 

(40,133). The majority of the increase in the expression of HLA-Dr 

antigen by l3-cRA and BC was not associated with either T-helper cells 

or me cells. This suggests that the retinoid- and carotenoid-induced 

expression of HLA-Dr antigen might be attributed to the macrophages as 

HLA-Dr expression increases on macrophages during their activation by 

retinoids and carotenoids (49,52,70,92). After vitamin A treatment 

for erythrokeratodermia variability (121), epidermal 1angerhans cells, 

macrophage-like cells present in the skin, were capable of restoring 

the surface markers including HLA-Dr antigen. Retinol at a dose of 5 
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ug/ml produced an increase in IL-l production and increase in the 

density of HLA-Dr antigen on human Langerhans cells after culturing 

for 48 hours in vitro (127). Gruner et ale (37) recently have shown 

that human peripheral blood mononuclear cells cultured for a day with 

opsonized zymosan, decreased the expression of HLA-Dr antigen ~vhich 

was prevented by the scavenging of reactive oxygen intermediates, such 

as BC. 

The transferrin receptors induced by l3-cRA were predominately 

associated with T-helper cells after three days of incubation 

in vitro, while BC induced them mostly on NK cells. It has been 

suggested that such transferrin receptors are associated with the 

later part of T-Iymphocyte activation (89). The antioxidants, other 

than BC, inhibited the expression of transferin receptors in 

T-lymphocytes during stimulation (14). Transferin receptors may be 

involved in NK lysis of tumor cell via assisting in cell attachment 

(12). 

Our activation marker studies indicate the following: a) 13-cRA 

activates T-helper cells by increasing their expression of IL-2 

receptors. Such a classical antigen activation process would 

stimulate 1L-2 dependent immune responses including LAK cell activity 

against tumor cells. b) BC is involved in some specific early events 

in T-cell activation which do not go beyond 1L-2 production or reach 

final events of T-cell activation involving induction of transferin 

receptors. On the other hand, BC activates WA cells which express 
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IL-2 and transferin receptors. This would enhance NK-cell 

cytotoxicity which can be mediated by IL-2 alone or in combination 

with other lymphokines or cytokines, such as TNF. c) Both l3-cRA and 

Be increase the expression of HLA-Dr antigen associated with 

macrophages or monocytes which can be modulated by IFN-gamma alone or 

in combination ~.ith IL-2, and other cytokines at 10\. concentrations. 

Our activation marker studies led to investigations of whether 

morphological enhancement induced by 13-cRA and Be was translated into 

the functional elevation in these T-helper cells and NK cells. lve 

found that NK cells significantly increased cytotoxicity against 

various tumor target cells: K562, a human erythro-myeloid cell line; 

L929, a mouse leukemia cell line; A375 a human melanoma cell line; 

RFI, a human Barrett's esophagus cell line; and TOl, a human oral 

leukoplakia cell line. This occurred with assay conditions including 

a 50:1 (E:T) ratio after three days of incubation with Be. NK cells 

collected from oral leukoplakia patients also showed significant 

increase in cytotoxicity after 2 months treatment with Be when 

compared with their pre-treatment values. In agreement with our data, 

Leshe et al. (54) reported that NK cell cytotoxicity was higher (40%) 

after incubating with Be (0.01 uM) in comparison with untreated 

control samples (28%). Therefore, the percent of NK cell cytotoxicity 

induced by Be might be mediated via several cytokine activities. In 

contrast, 13-cRA showed no significant changes in ffi{ cell cytotoxicity 

either in vitro or in vivo. In animal experiments, retinyl palmitate 



81. 

showed no change in NK cell cytotoxicity at various supplementations 

for seven weeks (69). In recent studies, NK cytotoxicity was reduced 

by the treatment of isotretinoin for 12 weeks in acne and related 

disorder patients (65). Pigatto et ale (86) observed that 

isotretinoin showed no change in the NK cell cytotoxicity in cystic 

acne and pityriasis rubrapilaris patients after 2 weeks treatment. In 

contrast, NK activity rose in only two patients with non-malignant 

disorders of the skin treated with very low doses of l3-cis retinoic 

acid for 2 months (47). Addition of IFN-gamma showed no alterations 

on effect of l3-cRA on NK cells collected from patients with 

non-malignant disorders of the skin. 

The percentage of T-helper cells induced by l3-cRA responded 

significantly to PHA and TPA. Therefore, not only was l3-cRA able to 

enhance T-helper cells and their IL-2 receptors but it also improved 

their functional response to PHA. The PHA response of T-lymphocytes 

was significantly increased after 2 month treatment with l3-cRA in 

Barrett's esophagus patients. Several other investigators reported 

that l3-cRA enhanced T-lymphocyte responses induced by PHA (1,105) and 

TPA (120) after incubation for 3 days. A recent report indicated that 

retinoic acid activated the T-cell derived PKC in a cell free system 

(46). Generally TPA specifically bind to PKC and activates at 

2+ physiological concentrations of Ca (119). It appears that both 

retinoic acid and TPA are acting in a similar fashion to stimulate 

PKC. This is in apparent contradiction to the usually reported 
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antagonistic effects of retinoids against biological actions of TPA as 

a promoter. PKC has been demonstrated to phosphorylate a variety of 

cellular proteins, including the cellular binding proteins for 

retinoic acid. The phosphorylated binding proteins appear incapable 

of binding to thin ligand (16). Since these activities of TPA should 

confer relative resistance to biological effects of retinoids, 

retinoic acid must be applied before TPA activity in order to 

antagonize its effect (122). But, it has been reported that both RA 

and TPA are not in competition to bind PKC (94). Therefore, these 

findings suggest that the immunomodulatory effects induced by l3-cRA 

on T-helper cells could be mediated partially via PKC activation. On 

the other hand, Be induced no significant changes in the response of 

T-helper cells to any stimulus agent tested. Bendich et ale (7,8) 

reported that splenocytes collected from rats after 20 weeks of 

feeding diet contained 0.2% (Wt/Wt) of beta-carotene and canthaxanthin 

responded significantly to Con A (1 ug/ml), but not to PHA (25 ug/ml) 

or LPS (10 ug/ml). 

In this study we found that macrophages/monocytes were activated 

to yield increased cytotoxicity after the two month treatment of 

l3-cRA, and also BC. These results were supported by several findings 

that retinoic acid has an ability to directly stimulate the macrophage 

system in animals (49,69). For example, BC, in vitro, enhanced the 

ability of phagocytosis of SRBC by peripheral blood monocytes (96). 

It is possible that these activated monocytes are part of the 
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mechanism to activate lymphocytes or NK cells, especially in vivo. To 

test this hypothesis, macrophages were removed prior to stimulation. 

When-macrophages were removed by adhesion procedures prior to 

l3-cRA-induction of T-helper cells or Be-induction of NK cells, 

stimulatory effects were only slightly reduced in vitro. T-helper 

cells response to PHA was not greatly altered by the removal of 

macrophages suggesting that l3-cRA might be activating T-helper cells 

directly. On the other hand, Be-induced NK cell cytotoxicity was 

reduced significantly by removal of most of the macrophages suggesting 

that Be might be activating NK cells indirectly via monokines. 

If monocytes/lymphocytes were communicating during stimulation, 

there should be an increase in the overall plasma levels of some 

cytokines. Plasma samples collected during the treatment with Be of 

oral leukoplakia patients showed significantly higher levels of TNF 

and lower levels IFN-gamma and 11-2. Where as l3-cRA produced 

significantly higher levels of 11-1, IFN-gamma, and IL-2 in plasma 

samples collected from Barrett's esophagus patients after 2 month 

treatment. These results indicate that Be-induced NK activity is 

mediated by release of TNF and that l3-cRA-induced T-helper cells is 

mediated by release of IL-2 and may be potentiated by IL-l production 

especially in vivo. Schwartz et al. (97) reported that TNF was 

released from activated macrophages during the regression of hamster 

buccal pouch carcinoma treated with Be. Ive have found that an 

unidentified cytokine is released by Be treatment of monocytes (2). A 
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few investigators have shown that retinoids induced IL-l production by 

activated macrophages (53,69,115). During the inhibition of 

transplantable tumors in mice, splenocytes were activated to produce 

IL-2 by the administration of dietary retinoids (27). To determine 

more of the role of various cytokines on l3-cRA induced T-helper cell 

activation and BC-induced NK cell activation, further studies were 

conducted with anti-cytokine antibodies. Anti-TNF antibodies 

significantly reduced the increase in the percent of NK cells but not 

to media control values. NK cytotoxicity was also reduced 

considerably but not to the extent of media control values. These 

results suggest that BC-induced m< activity is modulated significantly 

by TNF, and that other lymphokines, monokines or NK cytotoxic factors 

(NKCF) may be important. Moreover, when NK cells were stimulated with 

BC without macrophages, low levels of TNF were measured in the culture 

media yet NK cell cytotoxic activity was higher than media control 

values. These observations suggest that BC might be inducing NK 

cytotoxic factors or enhancing the NK activity through receptor 

binding. In contrast, anti-IL-2 antibody significantly reduced the 

13-cRA-induced T-helper cell response to PHA. Finally, the induction 

of TNF by BC was inhibited to an extent by actinomycin D and 

cyclohexamide indicating that BC might be amplifying pre- and 

post-transcriptional and translational modifications to enhance the 

rate of induction. In contrast, the release of IL-2 was completely 

inhibited by actinomycin D and cyclohexamide indicating that synthesis 
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of IL-2 may require de novo RNA and protein synthesis. Further 

detailed studies are needed to analyze the synthesis of specific mRNAs 

with appropriate probes (11) to confirm these conclusions. 



CONCLUSIONS 

Interest in the potential mechanisms for the anti-cancer effect of 

retinoids and carotenoids has largely focused on their differentiating 

capabilities (55,56,109). Vitamin A has inhibitory capabilities 

against development of certain cancers (4,33,39,72,110), such as 

reducing the development of skin tumors due to chemical carcinogens 

(29,123). In addition the marked immunomodulatory effects of vitamin 

A in animal systems may be a significant component of the cancer 

resistance induced (59,131). These immune changes may play an 

important role in the anti-cancer effects of retinoids and 

carotenoids. Further laboratory and clinical studies are warranted in 

this regard to explain the relationships between immunomodulation and 

these compounds. ~ve recognize that there are additional parameters 

which may also influence immunomodulation including: (a) chronic 

deficiency problems; (b) the transportation and biosynthesis of these 

compounds through binding proteins (32), and (c) receptors for these 

compounds on various cells which function in cell modulation. Further 

studies are warranted to evaluate the above mentioned parameters in 

relation to retinoid- or carotenoid-induced immunostimulation. 

Retinoids and carotenoids appear to have different effects on the 

immune system. Retinoids act on the differentiation processes of 

immune cells, increasing mitogenesis of lymphocytes and enhancing 

phagocytosis of monocytes/macrophages. Recent reports noted that 

retinoids activate protein kinase C (46), NK cells in vivo (65), and 

86 
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IL-2 receptors activated human thymocytes (103). Carotenoids modify 

the release of some cytokine-like products after activation of 

lymphocytes and monocytes. This may enhance immunosurveil1ance 

through activation of NK cells. Carotinoids also act as 

anti-oxidants, reducing loss of immunological functions due to 

immunotoxic effects of oxide radicals. Our proposed mechanism of 

activation is illustrated in Figure 43. It suggests BC-induced 

immunoactivation on NK cells as fo110lfs: a) beta-carotene activates 

Leu ll-positive and Leu-7-negative NK cells through activation of 

macrophages mediated by TNF. At the same time BC can participate to 

e1licit direct or indirect (via T-he1per) activation on NK cells which 

are mediated by NKCF (129) and by IL-2, respectively; b) BC-induced 

immunostimu1ation on NK cells is primarily mediated by TNF and 

secondarily by NKCF (129), other inter1eukins or monokines. c) 

BC-induced T-helper cell activation might be involved in specific 

early events in T-cell activation. d) BC may continue to activate 

macrophages/monocytes by enhancing the expression of HLA-Dr antigens 

which can be mediated by low level IFN-gamma released by activated 

T-he1per cells. This would produce more efficient antigen 

presentation capabilities. 

Our proposed mechanism for 13-cRA-induced activation of T-he1per 

cells, as illustrated in Figure 44, is as follows: a) 13-cis retinoic 

acid activates CD4 positive and Leu 8-negative T-he1per cells 

directly. This process can be potentiated by 1L-l release from 
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activated macrophages, especially in vivo. b) l3-cRA induced T-helper 

cell activation is predominantly mediated by IL-2 and partially 

mediated by the activation of PKC. c) By activation of 

macrophages/monocytes, l3-CRA directly or indirectly mediates 

enhancement of HLA-DR antigens by release of IFN-gamma. 

In conclusion, BC may provide its anti-cancer effects, in part, by 

enhancing immunosurveillance mechanisms with activation of NK cells. 

13-cR may be involved in the activation of T-helper to modulate 

IL-2-dependent immune responses, such as, production of LAK cells 

(89), as part of its anti-cancer effects. Nevertheless, it may be 

possible to exploit immunomodulatory effects of carotenoids for the 

treatment of specific diseases. For instance, beta-carotene increases 

NK cells and T-helper cell numbers. Restoring the number of these 

cells may be useful in acquired immunedeficiency syndromes (AIDS) 

where lymphoid cells were in low numbers and defective in function 

(107). Vitamin A inhibited the replication of AIDS virus in vitro 

(74). Recently, it has been suggested that AIDS virus persists in 

macrophages for long periods causing unresponsiveness to lymphokines 

and providing favorable environment for enhancement of viral gene 

expression and dissemination. This may ultimately place the 

phagocytic system in a vulnerable situation and reduce its ability to 

protect against opportunistic infectious agents (93). We have sholffi 

that vitamin A elevates the percentages of helper cells, and activates 

macrophages during murine retroviral infection (132). 
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Immunostimulation by vitamin A compounds was associated with enhanced 

survival time in these mice (132). Clinical trials, with carotenoids 

to stimulate activation of helper cells, macrophages and NK cells in 

AIDS patients, would be of great interest due to their low toxicity. 

Our preliminary data with 11 HIV infected patients treated with BC 

showed an increase in the percent of NK cells and its IL-2 receptor 

expression (unpublished data). Thus immunomodulation may be an 

exciting tool to stimulate the cellular immune system and to 

understand the modulation of these dietary agents in cancer prevention. 

The merits of this study are as follows: a) we have sho~vn that 

retinoids and carotenoids activate different sub- populations of 

T-lymphocytes; and b) in vitro results are qualitatively similar to 

what was observed in in vivo studies. It should be possible to use in 

vitro system to study the molecular mechanisms involved such as the 

production and action of other cytokines that might be mediating these 

effects at detailed cellular level. 

In the clinical study, BC treatment showed an excellent efficacy 

rate (68% of partial and complete response) against the 26 oral 

leukoplakia patients (unpublished data) in the same patients with 

stimulated NK cells. We believe that immunoenhancement induced by BC 

might be a partial explanation of its clinical efficacy in oral 

leukoplakia patients in addition to its biological modifications at 

the local site. The gradual drop in the increase of NK cell numbers 



and percent of cells with activation markers observed prior to 

treatment cessation might be prevented by using higher doses of Be. 

90. 

Finally, we emphasize that the use of Be in cancer prevention 

should be based not only upon its extremely low or absent toxicity, 

but also on both its immunomodulatory effects and biological 

modifications. Further clinical and laboratory studies are warranted 

to evaluate Be treatment in cancer prevention and to understand 

further the molecular mechanisms of Be-included immunostimulation in 

detail at the cellular level. 
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TABLE I 

Viability of Human T-Lymphocytes After Incubation 

with 13-cis Retinoic Acid and Beta-Carotene 

None 

Media 

Retinol 

Media 

Retinol 

Retinal 

Beta-carotene 

Retinoic acid 

13-cis retinoic 

acid 

Viability 

(%)a 

98.5 + 3.5 

96.5 + 1.5 

87.0+1.7 

91.0 + 2.5 

77.6 + 2.0 

86.0 + 2.6 

91.5 + 0.7 

90.6 + 2.5 

89.0 + 4.0 

aMean + S.D. of 6 individuals 
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Appendix A 

STRUCTURES 

13-cis Retinoic acid 

Modified from Lotan (58) 

Beta-carotene 

Modified from Bendich (7) 
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Appendix B 

SIDE EFFECTS OF RETINOIDS 

Mucocutaneous 

dry skin 

facial or finger-tip dermatitis 

sensitivity to UV light (sunburn) 

poor wound healing 

cheilitis 

blepharitis 

mechanical fragility of skin and mucous membranes 

Fetal 

teratogenicity 

Musculoskeletal 

arthralgia 

premature closing of epiphyses 

diffuse spinal hyperostosis 

Metabolic 

rise in fasting lipids 

minor increases in liver enzymes 

hepatic fibrosis (?) 
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