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ABSTRACT 

Canthaxanthin (CX), a non-provitamin A carotenoid, has 

been shown to exert a variety of effects on cells of the 

immune system and to have tumor-specific cytopathic 

effects in vivo and in vitro. In the present study, CX 

was shown to inhibit the in vitro growth of three murine 

tumor cell lines, JB/MS melanoma, B16F10 melanoma, and 

PYB6 fibrosarcoma. This effect was dose-dependent up to 

a concentration of CX of lO^M. In contrast, the growth of 

NIH-3T3 fibroblasts was enhanced following a 96 hr 

-4 
incubation with 10 M CX. A dietary supplement of 1% CX 

retarded tumor growth in LP-BM5 retrovirus-infected female 

C57BL/6 mice after tumor challenge, but had no effect on 

tumor growth in normal, uninfected animals. Although, NK 

activity and T and B subpopulations were not modified by 

dietary CX after tumor challenge, irrespective of whether 

mice had been virus-infected, there was a slight 

enhancement of mitogen-stimulated IFN-r production by 

virus-infected murine spleen cells when compared with non-

infected cells. We suggest that CX has potential as a 

modifier of cancer cell growth, especially in situation 

where impairment of the immune system has occurred as a 

result of viral infection. 
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REVIEW OF LITERATURE 

Carotenoids are widely distributed in nature, being 

found predominantly in yellow- and red-colored plants. 

Carotenoids are not synthesized by animals but can be 

obtained from dietary sources (vegetables and fruits) 

(25) . In humans, dietary carotenoids are absorbed from 

the intestine (9) and circulate in the blood before 

deposition into tissues (82). Several carotenoids have 

important functions as primary protective substances 

against active forms of oxygen and free radicals as well 

as prophylactic agents against cancer in animals (25). 

CAROTENOIDS AND CANCER 

During the last decade the relationship between 

carotenoids and cancer incidence has been increasingly 

investigated. Epidemiological evidence has indicated that 

dietary carotenoids may decrease the risk of certain 

cancers (39,54,76,129). Interestingly, beta-carotene 

levels are reduced in a number of cancer patients (58). 

For instance, a low beta-carotene level has been found in 



11 

the senna of patients with cervical cancer in Japan, with 

gastrointestinal cancer in Israel, and with precancerous 

stomach lesions in Colombia (92). Other reports indicated 

that low servun levels of beta-carotene may be associated 

with the risk of squamous cell carcinoma of the lung 

(57,111) and oral cancer (76). Therefore, more recently 

prospective studies have investigated the prophylactic 

efficiency of carotenoid in reducing entire cancer risk 

(92,129). 

The role of carotenoids in animals is not limited to 

that of vitamin A precursors (25). Current research 

studies have inferred that carotenoids themselves also 

have anticarcinogenic activities (25,111), independent of 

their provitamin A effects. It is suggested that a high 

dietary intake of carotenoids may reduce the risk of 

development of oral neoplasms (124) and prostatic 

carcinoma (75). Further, the oral administration of 

carotenoids to animals previously exposed to chemical 

carcinogens resulted in a decreased tumor growth and 

reduced tumor number in these animals (61,130). In in 

vitro studies, Wang et al. (115) reported that carotenoids 

with or without retinoid activity had direct inhibitory 

effects on the growth of rat C-6 glioma cells in culture. 
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Another study indicated that the addition of carotenoids 

(either beta-carotene or canthaxanthin) to C3H/10T1/2 

fibroblasts that had been exposed to 3-methylcholanthrene 

(MCA) or X-ray, resulted in inhibitory actions on 

transformation (89). However, a similar study (129) 

demonstrated that these carotenoids were found not to 

prevent tumor formation, but only to prolong the time 

before the appearance of tumors. 

According to many observers, high intake of carotenoid-

containing fruits and vegetables reduces the rate of 

cancers (9,129). Therefore, carotenoids may prove to be 

potent, nontoxic chemopreventive agents in the war against 

human cancer (44). 

POSSIBLE MECHANISMS OF THE ACTION OF CAROTENOIDS 

The postulated anti-cancer mechanisms for carotenoids 

include retinoid-like activities (111). Lasnitzki (47) 

suggested that the protein-bound retinoid complex could 

be transported into the nucleus of neoplastic cells where 

its subsequent interaction with chromatin could lead to a 

reduced rate of DNA synthesis in these cells. Other 

investigators have postulated that retinoids increase the 

release of lysosomal enzymes by destablizing lysosomal 
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membranes in preneoplastic and neoplastic cells (13,103). 

Recent studies support the role of carotenoids as 

natural inhibitors of cancer cell growth. Carotenoids 

may, therefore, play a role in the suppression of cancer 

initiation, or the promotion of cancerous cell growth by 

other factors (9,44,61,89). The probable protective 

mechanism of carotenoids within the cell is to quench 

reactive oxygen species and activated free radicals 

capable of causing damage to cell membrane, enzymes, and 

nucleic acids (9). As a result, carotenoids may reduce 

the levels of immunosuppressive peroxides and maintain 

cell membrane fluidity by reducing the extent to which it 

is lipid-oxidized (8) . Consequently, the structural 

integrity (and therefore the function) of membrane 

receptors essential for transducing signals during immune 

cell activation will be retained, and immunomodulatory 

lipid molecules such as prostaglandin and leukotriene will 

be protected from structural damage (8) . Furthermore, 

carotenoids may modify the tumoricidal activity of 

cytotoxic T cells, macrophages and/or natural Killer cells 

by any of these mechanisms (8). 
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IMMUNOMODULATORY EFFECTS 

T-Iivmphocvtes 

Alexander et al. (5) reported that oral intake of beta-

carotene (180mg/day) for 2 weeks increased the percentage 

of lymphocytes with CD3+ (T-total) and CD4+ (T-helper) 

cell surface markers. Another human study showed that in 

vitro culture of human peripheral blood mononuclear cells 

with various concentrations of carotenoids (either beta-

carotene or canthaxanthin), resulted in an increase in the 

percentage of PBMC with NK cell markers as well as CD4+ 

cell markers (90). In addition, carotenoids caused an 

increase of the expression of interleukin-2 receptors 

(90) . Furthermore, the proliferation of mitogen-

stimulated T cells is enhanced in the presence of 

carotenoids, the CD4+ cell subpopulation being 

significantly increased relative to the levels of other 

cell populations. The mechanism regarding the stimulatory 

effect of carotenoids remain to be investigated. 

Natural Killer (NK1 Cells 

In our laboratory we have found that treatment of 

cultured human PBMC with carotenoids (both beta-carotene 

and canthaxanthin) for 3 days results in an increase in 

the percentage of NK cells (90). 
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Monocytes and Macrophages 

It is well known that mononuclear phagocytes have very 

important roles in host defense system and 

immunoregulation. Their main functions include 

phagocytosis, antigen presentation, and cytokine 

secretion. 

Gruner et al. (34) indicated that beta-carotene 

enhanced the antigen-presenting capacity of monocytes. 

In addition, we have observed that dietary carotenoids 

(both beta-carotene and canthaxanthin) increase the 

cytotoxic activity of monocytes toward L-929 leukemia 

cells in vitro (1). In this study we have suggested that 

beta-carotene may stimulate the secretion of a novel 

cytotoxic cytokine, the biologic activity of which is 

similar to that of other cytokines such as tumor necrosis 

factor (TNF), of which the structure and function have 

already been well-characterized. Furthermore, we and 

others have showed that beta-carotene can protect 

monocytes from UV-B irradiation-induced suppression, thus 

increasing their phagocytic activity in vitro (99). 

Mathews-Roth et al. observed similar results in vivo (56). 
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CAROTENOIDS AND CYTOKINES 

The Role of Cytokines 

Cytokines, a family of pleiotropic cell regulators, are 

secreted primarily from immunocompetent cells (7) . The 

functions of other cells involved in an immune response 

are affected by their interactions with one or more of 

these regulatory molecules. The first cytokine to be 

discovered and characterized, interleukin 1 (IL-1), was 

found to be released primarily from activated mononuclear 

phagocytes, and to be essential for the induction of 

immune responses and inflammation (19,21,26,77). IL-1 is 

secreted by mononuclear phagocytes following uptake of 

antigen-antibody complexes, stimulation with LPS, or 

following contact with activated T lymphocytes (77) . In 

addition, tumor necrosis factor (TNF) may modulate the 

production of IL-1 (24,85). IL-1 may also be produced by 

natural killer cells, B lymphocytes, and fibroblasts (77). 

The important effects of IL-1 are those related to immune 

function including regulation of a) the activation and 

growth of T and B- lymphocytes (60); b) NK-mediated 

cytotoxicity; and c) induction of chemotaxis (20,77). 

Interleukin 2 (IL-2) is secreted mainly by activated 

helper T lymphocytes (26,36,120). The production of IL-2 
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is affected by the secretion of IL-1, and by the 

expression of IL-2 receptors on T lymphocytes (36). The 

effects ot IL-2 are mediated via the autocrine or 

paracrine stimulation of T cells expressing IL-2 

receptors. Although IL-2 has important effects on T cell 

proliferation (36,119), subsequent studies have shown that 

B cells, NK cells (36,78), and lymphokine activated killer 

(LAK) cells (33,36) are also responsive to IL-2. 

Other interleukins, such as IL-3, IL-4, and IL-5 are 

synthesized predominantly by stimulated T lymphocytes (6, 

125,127,128). IL-6 is secreted by a wide variety of 

cells, including fibroblasts, mononuclear phagocytes as 

well as activated T lymphocytes (36,60). IL-3 is also 

called colony stimulating factor (CSF) and induces the 

growth and differentiation of hematopoietic stem cells 

(36,60). Interleukins 4, 5, and 6, respectively, promote 

the activation, growth, and differentiation of B 

lymphocytes into antibody-secreting cells, but have also 

been found to have a variety of effects on T cell 

activation and growth (36,60). Another cytokine, IL-7, 

is produced from a stromal cell line derived from bone 

marrow that stimulates the in vitro growth of B cell 

precursors (32,60,67,73,74). 
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Interferon-gamma (IFN-T) is secreted primarily by 

stimulated T lymphocytes and natural killer (NK) cells 

(12,66,112,113). The production of IFN-R is modulated by 

the simultaneous production of IL-1, IL-2, IL-4, and TNF 

(34,45,74,102). IFN-r primes macrophages for microbicidal 

and tumoricidal activity and enhances NK cytotoxicity 

(80,108,111). 

Finally, tumor necrosis factor a (TNF-a) and B (TNF-fl) 

are two closely related factors that express similar 

activities with respect to inflammation and anti-tumor 

activity both in vitro and in vivo (24,35,114). Activated 

macrophages are primary cellular source of TNF-a, whereas 

TNF-fl is released mainly by activated T lymphocytes, 

although B lymphocytes are also thought to be an important 

source of this molecule (11,18,25). The secretion of TNF 

is regulated by the release of IFN-T from stimulated T-

lymphocytes (83). 

Cytokines operate in a complex network of interactions. 

They have stimulatory and inhibitory effects on the 

synthesis of other cytokines in the network; they can 

regulate the expression of a variety of cell surface 

receptors, and they may exhibit synergistic, additive or 

antagonistic interactions on cell function (7). Clearly, 
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a well-regulated system of cytokine interactions is 

essential for the maintenance of competent host immune 

defence. 

Released Cytokines in Carotenoid-Induced Immunomodulation 

Schwartz, et al. (100) reported that beta-carotene 

induced an increased production of TNF by macrophages in 

Buccal Pouch carcinoma-bearing hamsters. The subsequent 

regression of oral carcinoma in these animals was 

postulated to be the result of increased TNF secretion, 

which could then enhance the cytotoxic ability of 

macrophages to lyse tumor cells. Moreover, we have 

suggested that beta-carotene stimulates human leukocytes 

to secrete a novel cytokine, tumor cytotoxicity factor 

(1). These antitumor actions when associated with 

strengthened immune competence encouraged us to study the 

mechanisms of action of carotenoids at cellular levels. 

CAROTENOIDS AND MURINE AIDS (MAIDS^ 

AIDS (Acquired Immune Deficiency Syndrome) is the end 

stage of a disease initiated in man by infection with HIV-

1 (Human Immunodeficiency Virus). Progression from 

retroviral infection to AIDS can take several years, and 

may be influenced by the simultaneous presence of 
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exogenous factors such as drugs of abuse (116,123) or the 

nutritional status of the individual (50,64). The role 

of such compounds in progression to AIDS is difficult to 

study in humans because of ethical, economical and 

logistical considerations. While HIV infection has been 

possible in chimpanzees, it has produced little 

pathogenesis (117). To investigate simultaneously the 

effects of immunostimulatory compounds and retroviral 

infection, it would be advantageous to use a non-primate 

model. Our chosen model is a mouse infected with a murine 

retrovirus, LB-BM5, which causes an AIDS-like disease in 

infected animals (69,117,118). 

LP-BM5 Murine Retrovirus Infection of Mice. 

A murine retroviral disease model, LP-BM5 murine 

leukemia virus (MuLV) infection, produces a syndrome 

designated murine AIDS (MAIDS), which is similar to human 

AIDS (14,43,69-71,96,116-118,123). LP-BM5 MuLV produces 

non-neoplastic lymphoproliferative disease in adult mice. 

It is a cluster of viruses which includes a B-tropic mink 

cell focus-inducing virus (MCFV) and a B-tropic ectropic 

virus (BEV). Immunological disease is induced after 

infection with MCFV, but not with BEV. The latter virus 

facilitates the transmission of MCFV in mouse tissues. 
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Thus, the virus preparation causing murine AIDS is a 

mixture of replication-competent ecotropic and mink cell 

focus-inducing murine leukemia virus (15). This murine 

retrovirus infection provokes an enlargement of lymphoid 

organs, primarily spleen and peripheral lymph nodes. 

LP-BM5 HuLV infected animals characteristically develop 

hypergammaglobulinemia,lymphadenopathy, T-cell functional 

immunodeficiency, and later neurological signs including 

paralysis as well as opportunistic infections (14,43,69-

71,96,116,118,123). The virus infects macrophages, B 

cells, and T-cells. Although lentiviruses are associated 

with human AIDS, and C-type retroviruses appear to be the 

causative agents in murine AIDS, both are very similar in 

that they reduce resistance to pathogens, neoplasias and 

cause profound immunosuppression. There is an early phase 

of B cell hyperactivity and polyclonal activation induced 

by both viruses. The order of deletion of T-cell function 

is similar between the two diseases, with helper T-cell 

function lost well before cytotoxic/suppressor T-cell 

function. Quantitative loss of T-cell function occurs far 

in advance of reduction in the numbers of T-helper (CD4+) 

cells. NK cell function is reduced early in the disease, 

but lymphokine-activated killer cell (LAK) function is 
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maintained until 8-10 weeks after initiation of the LP-BM5 

virus infection (116). However, LP-BM5 MuLV infection 

does not result in a general depression of bone marrow 

function nor death of infected T-helper cells, as occurs 

in human AIDS. 

Infection of C57BL/6 mice with LP-BM5 murine leukemia 

virus results in macrophage infection, stimulation of B-

cell mitogenesis, immunosuppression and eventually death 

(96,117,124). It is an excellent murine model of human 

retroviral infection without risk of transmission to other 

mice, and LP-BM5 is not considered to be a human pathogen 

(96,117,124). This mouse model offers economy, control of 

infection and drug use, as well as avoiding ethical 

questions associated with studies of human subjects or 

primates. Therefore, an active study of such murine 

models may help to elucidate the role of immunomodulatory 

drugs of abuse and nutrients on retroviral infections. 

Tumor Cell Challenge. 

The appearance of rare tumors such as Kaposi's sarcoma 

is often a characteristic feature of human AIDS. It is 

not known whether this is due to a decrease in host 

defense or to an increase in carcinogenic cooperating 

factors derived from exogenous sources. Tumors of 
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lymphoid origin may affect the rate of proliferation of 

lymphoid cells that could be increased by deregulation in 

the proliferation of lymphoid subpopulations (51) . 

Therefore to avoid this problem we challenged female 

C57BL/6 mice with the JB/MS melanoma, a syngeneic tumor 

which is immunogenic but not derived from lymphoid cells. 

The ability of the animals to reject a challenge of 

syngeneic tumor cells has been proposed as a sensitive in 

vivo assessment of general immunocompetence (9). 

This JB/MS melanoma is a chemically induced-murine 

melanoma in C57BL/6 mice. It shares the common melanoma 

Tumor Specific Transplantation Antigen (TSTA) with other 

spontaneous tumor such as B16 melanoma (38) . It 

originated in C57BL/6 mice as a darkly pigmented, 

extremely slow-growing tumor. After serial passage 

propagation in vivo and in vitro, this cell line has 

gradually become less differentiated and melanotic and has 

acquired proliferative and tumorigenic characteristics 

(38). This cell line has therefore been chosen to be used 

in the mice tumor challenge. 

The Effects of Carotenoids? 

In animal models, carotenoids have been implicated as 

chemoprotective or chemopreventive agents in several kinds 
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of cancer (9). Beta-carotene (BCT) is a carotenoid. Not 

only a precursor of vitamin A, yet is also a potent 

antioxidant being one of the most effective quenchers of 

singlet oxygen, hence functions as an immunopotentiator or 

immunoactivator (9,10,62). Since BCT is converted 

efficiently into retinol in mice, the immunoenhancing 

effects of BCT may be due to the formation of its 

metabolite. There is, however, no convenient animal model 

in which to study BCT. Therefore, canthaxanthin (CX), 

which is not converted to retinol, can be used not only 

because of its similar structure but also because it 

shares similar immunoenhancing properties (8). The 

evidence indicates that carotenoids BCT and CX stimulate 

the release of a cytokine tumor cytotoxic-factor, which 

can lyse leukemia cells in vitro (52). Furthermore, the 

specific effects of carotenoids in the prevention of 

animal tumors has resulted in lower tumor frequency as 

well as tumor regression (2,3,91,97). 

AIM OF THE STUDY 

The aim of the present study was to investigate whether 

canthaxanthin (CX), a non-provitamin A carotenoid, affects 

cancer cell growth in vivo and in vitro, and also whether 
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it exhibits an immune enhancing capability in vivo during 

JB/MS melanoma tumor cells challenge in LP-BM5 retrovirus-

infected C57BL/6 mice." 
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INHIBITORY EFFECTS OF CAROTENOID ON THE 

IN VITRO GROWTH OF MURINE TUMOR CELLS 

INTRODUCTION 

It has been suggested that carotenoids nay be important 

agents in the prevention of certain human cancers (87) , 

and there is now heightened interest in the role of 

carotenoids such as beta-carotene (BCT) and canthaxanthin 

(CX; 4,4'-deketo beta-carotene) as possible 

chemopreventive agents (44). Carotenoids have been shown 

previously to reduce tumor frequency and to augment tumor 

regression in animals (44,98). Pung et al. suggested that 

the lipid anti-oxidant properties of carotenoids may be 

responsible for their inhibitory actions on neoplastic 

transformation in vitro (89). BCT is a potent antioxidant 

as well as one of the most effective quenchers of singlet 

oxygen (10). Since BCT is metabolized in vivo to retinol 

(10), its inhibitory effects on the growth of cancer may 

be due to the formation of this product. 

A study of the effects of CX on tumor formation was 

considered to be of interest because this molecule 
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resembles BCT structurally but does not undergo metabolic 

transformation to retinol (8) . Therefore, any effect 

observed with CX can not, unlike other carotenoids such as 

BCT, be ascribed to the formation of retinol. This 

chapter provides an initial report on the inhibitory 

effect of CX on the in vitro growth of three different 

murine tumor cell lines. 

MATERIALS AND METHODS 

Preparation of Canthaxanthin (CX) Emulsion. CX crystal 

was kindly provided by Dr. H.N. Bhagavan (Hoffmann-

LaRoche, Inc., Nutley, NJ). Complete medium consisted of 

Iscove's Modified Dulbecco's Medium (Gibco, Grand Island, 

MD) supplemented with 10% fetal bovine serum (FBS; 

Hyclone, Logan, Utah), 2 mM L-glutamine (Gibco), 100 

units/ml penicillin (Gibco), and 100 jug/ml streptomycin 

(Gibco). CX was initially dissolved in ethanol (EtOH) or 

dimethyl sulfoxide (DMSO; Sigma, St. Louis, MO) and then 

-3 diluted further in complete medium to a 10 M stock 

solution. Stock solution was serially diluted 100 fold 

_4 .in 
(range 10 -10 M) m complete medium in the wells of 

sterile microculture plates (Falcon) (2 ml/well). Each 

dilution was prepared in quadruplicate. The final maximum 



28 

concentration of EtOH and DMSO in complete medium did not 

exceed 0.1% (v/v). All manipulations were performed 

following sterile procedures and in reduced-light 

conditions (to prevent photodegradation of CX). 

Tumor Cell Lines. Tumor cell lines studied 

included JB/MS, B16F10, and PYB6, all of which were 

maintained at 37 °C in a humidified 5% CO2 incubator 

(37°C/5% CO2). The JB/MS melanoma was originally induced 

by 7,12-dimethylbenz [a]anthracene (DMBA) in C57BL/6 mice. 

This cell line was a kind gift of Dr. V.J. Hearing (NCI, 

Bethesda, MD) (38). B16F10 melanoma and oncogenic virus-

induced PYB6 fibrosarcoma are syngeneic tumor cells in 

C57BL/6 mice. 

Cell Growth in vitro. The rate of tumor growth was 

determined on the basis of number of cells per well. 

Tumor cells (5x10 cells/ml) were seeded into each well of 

sterile 24-well flat-bottom microculture plates (1 

ml/well) at 37°C/5% CO2. Supernatant fluid (2 ml) was 

removed from each well after 24 hr. A range of 

concentrations of CX (lO^-lO'^M) was then added into each 

well for the time course study. Control wells contained 

medium only or medium plus vehicle (EtOH or DMSO). After 

the serial incubation period, the cells were washed with 
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phosphate buffered saline (PBS, 0.01 M, pH 7.4) and fixed 

with 1% glutaraldehyde (Sigma) for 15 minutes. After 

fixation the cells were maintained in 1 ml of PBS at 4°C 

until staining. 

Cell Staining. Fixed tumor cells were stained by a 

method described previously (41,46) with modifications. 

Briefly, 1 ml 0.1% (w/v) crystal violet (Sigma) was added 

to each cell sample for 30 minutes. The cells were 

destained with deionized water for 15 minutes and allowed 

to air-dry. The absorbed crystal violet was solubilized 

with 1 ml of 0.2% Triton X-100 (Sigma) . One hundred 

microliters of the cell suspension was transferred into 

the wells of a 96-well microculture plate, and absorbance 

measured at 590 nm by spectrophotometry (Titertek 

Multiskan Plus). 

Equation and Statistical Analysis. The inhibition (% 

reduction) of cell growth was calculated as follows: 

100 - (E/C) x 100 

Where E is the optical density (O.D.) of CX-treated cells, 

and C is the O.D. of cells in control cultures containing 

vehicle only (DMSO or EtOH). Each value represented an 

average of quadruplicate determinations. Data were 

analyzed by One-Way Analysis of Variance (ANOVA). 
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RESULTS 

The addition of 10"4 M CX caused a significant (p<0.05) 

inhibition of the growth of mouse JB/MS melanoma tumor 

cells when compared with vehicle controls (medium+EtOH and 

medium+DMSO) (Figure 2 (a) and (b)). The inhibitory 

effect was observed with exposure times ranging from 24 to 

120 hr. However, the effect was particularly marked at 72 

hr of culture, therefore in further experiments this time 

point was chosen to assess the effect of CX on tumor cell 

growth. The growth of tumor cells cultured in the 

presence of 10"6 and lC^M CX was decreased at similar time 

intervals when compared with vehicle controls. It was 

also observed, however, that cell growth was increased in 

the presence of EtOH or DMSO alone when compared with 

cells grown in medium only. The suppressive effect of CX 

on cell growth was observed also with B16F10 melanoma and 

PYB6 fibrosarcoma tumor cells cultured with different 

concentrations of CX (Figure 3) . Again, the greatest 

inhibitory effect on cell growth was observed at a 

-4 concentration of 10 M CX (Fig. 4). Our results 

encouraged us to perform further in vivo studies in animal 

model. 
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Figure 1. Chemical Structures of Canthaxanthin and 
Beta-carotene. 
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Table 1. The Comparison of Tumor Inhibitory Effect of 
Canthaxanthin (CX) Dissolved in 0.1% Dimethyl 
Sulfoxide (DHSO) or 0.1% Ethanol (EtOH). Five 
thousand JB/MS melanoma cells were incubated with 
different concentrations of CX for 72 hr. The 
percentage of cytotoxicity was calculated by the 
equation shown in materials and methods. Value 
= Mean ± S.D. of quadruplicate cultures. 

Concentration 
of 

Canthaxanthin 
(M) 0.1% DHSO 

Inhibition of Cell Growth 
(%) 

0.1% EtOH 

10 4 39.4 ± 2.8 39.7 ± 5.8 

10 , - 6  25.9 ± 2.7 25.2 ± 1.5 

10 , - 8  28.3 ± 2.3 24.9 ± 3.6 

10 -10 25.6 ± 2.8 24.5 ± 2.5 
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Figure 2. Effect of Canthaxanthin (CX) on The Growth 
of JB/MS Melanoma Tumor Cells. 5x10 JB/HS 
cells were seeded and cultured with various 
concentrations of canthaxanthin (CX) 
dissolved in (a) 0.1% dimethyl sulfoxide 
(DMSO) or (b) 0.1% ethanol (EtOH) for 5 days. 
A control consisted of tumor cells cultured 
in complete medium with vehicle only. Value 
= Mean ± S.O. of quadruplicate cultures (* 
= p<0.05). 
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Figure 3. The Inhibitory Effect of Canthaxanthin (CX) 
on Three Tumor Cell Lines. Murine tumor cell 
lines (JB/MS, B16F10, and PYB6) were 
incubated with a range of concentrations of 
CX for 72 hr. % Reduction of cell growth was 
calculated by the same equation as Table l. 
Value = Mean ± S.D. of quadruplicate culture 
(* = p<0.05). 
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Figure 4. Comparative Inhibitory Effect at Different 
Concentrations of Canthaxanthin (CX) on JB/MS 
Melanoma Tumor Cells Growth. Cultures were 
incubated with CX as described in the legend 
to Figure 3. Value = Mean ± S.D. of 
quadruplicate culture. 
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DISCUSSION 

Animal experiments and human epidemiological studies 

suggest that carotenoids with or without provitamin A 

activity may reduce the risk of cancer (101,115). Krinsky 

(44) reported that carotenoids can protect animal cell and 

organ cultures from malignant transformation and nuclear 

damage. However, this protection occurred not by the 

inhibition of tumor formation but rather by prolonging the 

time before the appearance of tumors. Our own studies 

indicated that canthaxanthin (CX) at a concentration of 

10^M delayed the growth and reduced the overall number of 

three murine tumor cell lines in culture. 

Wang et al. (115) demonstrated the ability of retinoids 

and carotenoids, with or without vitamin A activity, to 

inhibit the growth of rat brain tumor cells in vitro. We 

show here that an inhibitory effect can be achieved in 

murine tumors in vitro by the addition to cells of CX, a 

carotenoid without vitamin A activity. In 10T1/2 cells 

grown in vitro. Pung et al. (89) showed that both BCT and 

CX inhibited neoplastic transformation without being 

converted to vitamin A. Carotenoids exerted their effects 

by interfering with the promotional phase of malignant 

transformation (4). 
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Previous reports indicated that the inhibitory effect 

of carotenoids on tumor cell growth did not depend on the 

formation of retinoid metabolites (89,101,115). 

Carotenoids, antioxidants with conjugated double bonds, 

may protect against cancer by quenching singlet oxygen and 

free radicals (89). In addition, Bendich et al. (9) 

hypothesized that all. carotenoids with a similar 

conjugated double bond system should have similar 

activity. In vivo, carotenoids may also exert anti-cancer 

effects via stimulation of the immune system (13). This, 

however, can not explain the effects of CX on tumor cell 

growth in the in vitro system described in the present 

study, owing to the absence in this system of lymphoid 

cells. Unfortunately, the mechanism of this protection 

against tumor cells is still unclear. Thus it is 

important to elucidate the cellular mechanism(s) by which 

carotenoids prevent or delay the growth of specific types 

of cancers. Although all of the mechanisms are not clear 

at present, our data suggests that carotenoids may reduce 

tumor cell growth independent of any vitamin A activity. 

Future studies will, therefore, be directed toward an 

understanding of the direct effect on tumor regression 

that is initiated by carotenoids together with in vivo 
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studies of carotenoid action against cancer growth in 

animal models. 
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THE EFFECTS OF CANTHAXANTHIN ON JB/MS MELANOMA 

GROWTH DURING RETROVIRAL PATHOGENESIS INDUCED 

BY LP-BM5 MURINE LEUKEMIA VIRUS 

INTRODUCTION 

LP-BM5 murine leukemia virus (MuLV) infection in mice, 

produces a syndrome similar to human AIDS (14,43,69-71, 

83,116-118,123). The virus suppresses host immune defense 

systems (83,117), leading to an increased susceptibility 

of the host animal to secondary infections. 

It has mentioned previously that the ability of the 

animals to reject a challenge of syngeneic tumor cells has 

been proposed as a sensitive in vivo assessment of general 

immunocompetence (72). Therefore, we decided to challenge 

virus-infected and non-virus-infected mice with the JB/MS 

melanoma, a syngeneic immunogenic tumor (38). 

In animal models, carotenoids have been implicated as 

chemoprotective or chemopreventive agents in several kinds 

of cancer (72). Canthaxanthin (CX), a carotenoid, has a 

similar structure to beta-carotene (BCT) but it is not 

converted into retinol in mice. Moreover, it is also a 
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potent antioxidant as well as an effective quencher of 

singlet oxygen and free radicals, and functions as an 

immunopotentiator or immunoactivator (8,44). Therefore, 

the effects of CX in this tumor-challenged mouse model may 

demonstrate the effects of carotenoids in vivo. 

We provide here an initial report on the effect of CX 

on several immune responses during murine retroviral 

infection. In this chapter we present data obtained by 

the use of an experimental animal model where normal and 

LP-BM5 MuLV infected mice received a carotenoid supplement 

in their diet as canthaxanthin, for 8 weeks to study tumor 

resistance. We also present data related to changes 

induced by canthaxanthin of other immunological parameters 

as IFN-r release by Con A stimulated cells , NK cell 

activity and percentages of lymphoid cells in the spleen. 

MATERIALS AND METHODS 

Mice and Diets. Female C57BL/6 mice (3-4 weeks old; 

weight approximately 15 g) were obtained from Charles 

River Breeding Laboratories, Inc. (Wilmington MA). They 

were weighed and assigned randomly to different groups. 

Canthaxanthin (CX) and placebo diets were obtained from 

Dyets, Inc., Bethlehem, PA. The CX diet contains AIN-76A 
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diet with 10% CX beadlets yielding a final concentration 

of 1% CX. The placebo diet which did not contain CX was 

supplemented with a comparable level of placebo beadlets. 

CX and placebo beadlets were kindly provided by Dr. H.N. 

Bhagavan (Hoffmann-LaRoche, Inc., Nutley, NJ). Mice were 

infected with LP-BM5 MuLV or saline-injected and fed a 

diet containing either placebo (10%) or CX (10%) beadlets. 

Dietary supplementation was begun upon viral infection. 

Animals were cared for as required by the University of 

Arizona College of Medicine Committee on Animal Research. 

LP-BM5 Murine Leukemia Virus (MuLV) Infection. Half 

of the mice were injected intraperitoneal ly with 0.1 ml of 

a LP-BM5 MuLV inoculum (70,71). The inoculum was a kind 

gift of Dr. R.A. Yetter (Microbiology Research, Veterans 

Administration Hospital, Baltimore, MD). 

Tumor Cell Lines. Two tumor cell lines were used 

including JB/MS and PYB6, which were cultured with 

complete medium. The JB/MS melanoma was originally 

induced by 7,12-dimethylbenz[a] anthracene (DMBA) in 

C57BL/6 mice. This cell line was acquired from Dr. V.J. 

Hearing (NCI, Bethesda, MD) as a kind gift. Control mice 

groups were administered subcutaneously (s. c.) with 0.1 ml 

medium only, the remaining mice were inoculated s.c. with 
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5xl03 PYB6 fibrosarcoma (52) or lxlO5 JB/MS melanoma (38) 

tumor cells in 0.1 ml medium. Tumor infected mice were 

palpated daily and the incidence, latency (time to tumor 

appearance), mortality and tumor sizes were recorded 

(38,54). 

Mice that were simultaneously used to study changes in 

the immune system were injected s.c. with lxlO5 JB/MS tumor 

cells 12 days before sacrifice. 

Interferon-Gamma (IFN-T) Release. One million spleen 

cells were plated into individual well of 96-well flat 

bottom tissue culture plates (Falcon, Oxnard, CA). 

Concanavalin A was added to each well to a final 

concentration of 2 /Lig/ml. Cells were incubated for 72 hr 

at 37°C/5% CO2. Plates were centrifuged (200 x g, 5 min) , 

50 /xl of supernatant fluid was collected from each well, 

and quantified by enzyme-linked immunosorbent assay 

(ELISA). Purified monoclonal rat anti-mouse IFN-r IgGl 

(Lee Biomolecular Research Laboratories, San Diego, CA) 

was used to coat the wells of 96-well microtiter plates 

(Immulon II, Dynatech Inc., McLean, VA). After overnight 

incubation with carbonate buffer (0.01 M, pH 9.6) at 4°C, 

the monoclonal antibody-coated plates were washed once 

with PBS containing 0.05% Tween-20 (PBS-Tween). Fifty 
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microliters of supernatant fluid or standard solution were 

added to wells. Recombinant murine IFN-r (Genzyme, 

Boston, MA) was serially diluted in the first column of 

each plate (50 jil/well) to give a concentration range of 

IFN-r of 0.39-25 ng/ml. After 1 hour, the assay plates 

were washed once with PBS-Tween. Wells were incubated for 

1 hr with rabbit anti-mouse polyclonal antiserum specific 

for IFN-r that was obtained by immunization of New Zealand 

White rabbits with purified recombinant IFN-T (a gift from 

Dr. P. Scuderi, Arizona Cancer Center, U. of A.). The 

plates were washed and a peroxidase-conjugated goat anti-

rabbit IgG specific antiserum (American Qnalex, La 

Miranda, CA) was added to all wells (50 /xl/well) . After 

60 minutes incubation the plates were washed three times 

with PBS-Tween and then once with PBS, and peroxidase 

substrate (2,2 '-Azino-bis-3-ethylbenzthiazoline-6-sulfonic 

acid, Sigma) was added. The optical density (O.D.) was 

determined at 405 nm by spectrophotometry (Titertek; Flow 

Labs, McLean, VA). The amount of IFN-T released in 

culture supernatant fluid was determined by calculated 

from the standard curve. 

Lymphocyte and Macrophage Subpopulations Measurement. 

Spleens were collected after sacrifice under ether 
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anesthesia and mononuclear cells were obtained by gently 

teasing the spleens with tweezers in complete RPMI-1640 

medium (RPMI-1640 with 10% FBS, 2mM LG, lOOU/ml penicillin 

and lOOjug/ml streptomycin). Cell suspensions were washed 

with RPMI-1640. Spleen red blood cells were lysed by 

Tris-buffered ammonium chloride (pH 7.2, Sigma, St. Louis, 

MO.) solution. The remaining cell suspensions were washed 

twice with cold RPMI, cell viability was determined by 

trypan blue exclusion, and cells were adjusted to give the 

desired viable cell concentrations (l-2xl06 cells/0.1 

ml/tube) for lymphocyte and macrophage surface marker 

determinations. Then, T-cell subpopulations were 

quantified with indirect immunofluorescence using 

monoclonal antibodies (Becton Dickinson, San Jose, CA) 

specific for total T-cells (rat IgG2b anti mouse Thyl.2 

antigen), T-helper cells (L3T4; rat IgG2b anti-mouse CD4 

antigen, GK1.5 clone) or T-suppressor cells (Lyt-2; rat 

lgG2a: anti-mouse CD8 antigen). Total number of 

macrophages was measured with rat anti-Mac-1 antigen 

monoclonal antibody (clone M 1/7) from Boehringer 

(Indianapolis, IN) . The numbers of cells expressing 

interleukin-2 receptor (IL-2R) were determined using rat 

IgG2a monoclonal antibodies (clone AMT-13; Boehringer). 
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Cells expressing la were characterized using IgGla rat 

monoclonal antibody anti-mouse H-A I-A subregion (clone YE 

2/36 HLK) from Sera-lab (Accurate Chemical & Scientific 

Corp., Westbury, NY). Fluorescein isothiocyanate labeled 

goat anti-rat immunoglobulin (heavy and light chain 

specific; Southern Biotech, Brimingham, AL) was used as a 

second antibody. B-cells that express surface IgM and IgG 

were recognized by an indirect assay using affinity 

purified rabbit anti-mouse IgG+lgM (H&L; Accurate) as 

first antibody and a fluorescein conjugated affinity 

purified goat anti-rabbit IgG, Fc fragment specific as 

second antibody (Accurate). 

Briefly, lxlO6 spleen cells in 100 nl of RPMI were 

incubated in the presence of the primary monoclonal 

antibodies in the appropriate dilutions for 30 min at 4°C 

in an ice bath, final volume 140 /zl. Each tube was washed 

with 1.5 ml cold PBS, centrifuged at 900 x g for 10 min. 

Supernatant were carefully discarded, and then the 

secondary antibodies were added to each tube. Samples 

were incubated for 30 min at 4°C. After incubation and 

washing with PBS, samples were spun down and cells fixed 

with 0.4 ml 2% paraformaldehyde (pH 7.4). Samples were 

stored at 4-8°C until they were analyzed by an EPICS C 
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flow cytometer (Coulter, CO). After counting ten thousand 

cells, the percentage of positive cells was obtained using 

the Immunofluorescent Analysis Program provided by EPICS, 

Inc. 

Natural Killer (NK) Cell Activity. Cell-mediated 

cytolytic responses were measured in vitro by using a 

standard chromium (51Cr) release assay (59). Target cells 

(Yac-1) were harvested, washed once with HBSS, resuspended 

7 
to approximately 1x10 cells/ml in RPMI, and labeled with 

100 /xCi sodium chromate (NEN, Boston, HA) in 1 ml final 

volume for 1 hr at 37°C. The suspension of target cells 

was shaken gently every 15 min. The cell suspension was 

mixed with 10 ml of HBSS and centrifuged (180 x g, 10 

min) . The supernatant was discarded and the cells were 

resuspended with 50 ml of HBSS for another 30 min. The 

cell suspension was centrifuged again and the supernatant 

fluid removed. Cells were resuspended in 5 ml of RPMI, 

counted, and adjusted to lxl05 cells/ml. One hundred 

microliters of cell suspension was combined with varying 

numbers of effector cells in triplicate wells of 96-well 

round bottomed microtiter plates (Falcon) which resulted 

in effector to target (E:T) ratios ranging from 50:1 to 

1.25:1. Before and after the 4 hr of incubation at 37°C, 
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plates were centrifuged at 180 x g for 5 min. Supernatant 

fluid (100 jul) was collected from each well for counting 

in the gamma counter. The percentage of specific 

cytotoxicity was calculated as follows: 

% specific cytotoxicity = (experimental cpm - background 

cpm) / (total release cpm - background cpm) x 100 

Statistical Analysis. Data were analyzed by One-Way 

Analysis of Variance (ANOVA). 

RESULTS 

Mortality. In our first experiment we studied the 

effect of canthaxanthin (CX) supplementation on tumor cell 

resistance in normal and in LP-BM5 MuLV infected mice. 

After mice were infected with LP-BM5 MuLV for two months, 

they were challenged subcutaneously with syngeneic JB/MS 

melanoma or PYB6 fibrosarcoma. Non-virus-infected mice 

injected with JB/MS tumor cells survived longer than those 

that were virus-infected and challenged with tumor cells 

(Fig. 1) . Initially, this was true also for the mice in 

the PYB6 injected group. However, the last few PYB6 

injected mice in the virus- and non-virus-infected groups 

survived the same length of time. 

Spleen/Bodv Weight Ratio and Tumor Weight. In our 
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second experiment we evaluated the effect of CX 

supplementation on tumor resistance and also studied 

simultaneous changes in several immunological parameters 

such as IFN-T production, NK cell activity, and spleen and 

thymus lymphoid cell subsets. The spleen/body weight 

ratio of both retrovirus infected mice groups was 

significantly greater than that of uninfected mice (Fig. 

2). All virus-infected mice had significant 

lymphadenopathy and splenomegaly. Tumor challenge caused 

a further increase in spleen size compared with non-tumor-

injected control mice. There was no difference in the 

spleen/body weight ratio of either of the CX-fed groups 

when compared with their respective control groups (Fig. 

2) . Similarly, there was no difference in tumor growth 

between animals that received either placebo or CX diet. 

However, in the LP-BM5 MuLV-infected/tumor-challenged 

group, virus infection seemed to increase tumor weight 

(Fig. 3). 

Interferon-Gamma (IFN-T) Release. IFN-T production 

from spleen cells after Con A stimulation in vitro was 

highest in the placebo plus tumor group, but was lowest 

in the group infected with LP-BM5 MuLV and challenged with 

JB/MS tumor cells (Table 1). 
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Natural Killer fNK^ Cell Activity. CX slightly 

decreased NK activity in the tumor-injected mice when 

measured in a 4 hr incubation assay at E:T ratio of 50:1 

(Table 2) . Compared with the placebo diet in virus-

infected mice, dietary CX did not increase NK activity. 

It was observed also that NK cell activity was not 

abolished in the virus-infected mice. 

Percentages of Lymphoid Cells in Spleen and Thymus. 

A significant decrease in the percentage of total T cells 

(Thy 1.2 + ) was observed in both virus-infected mice groups 

(Table 3). The percentages of Ia+, Macl+, and sIgG++sIgM+ 

were significantly increased in both LP-BM5 MuLV-infected 

groups. However, there was no change in the percentage of 

IL2R+ in virus-infected or tumor-injected mice. All mice 

that were fed CX, irrespective of whether they were also 

infected with LP-BM5 MuLV, had sightly higher CD4+ and 

CD8+ cell percentages compared with tumor-challenged mice 

fed a regular diet. 

After 8 weeks of LP-BM5 MuLV infection a significant 

 ̂ + + 4* 
decrease in the percentage of Thy 1.2 , CD4 , and CD8 

cells was observed in the thymus of mice. CX groups did 

not show any change in CD4, CD8, or IL-2R+ expression 

(Table 4). 
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Figure 5. Mortality Caused by Injection of JB/MS 
Melanoma and PYB6 Fibrosarcoma Cells in 
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Figure 6. The Effect of Dietary Canthaxanthin and 
LP-BM5 Retrovirus Infection on Spleen/Body 
Weight Ratio. 
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Figure 7. Effects of Canthaxanthin Diet on The Size of 
Syngeneic Tumor from JB/MS Melanoma in Mice 
Infected with LP-BM5 Murine Retrovirus. 



53 

I Control • Canthaxanthin 
! Placebo Diet ^ Retrovirus 

EH Canthaxanthin + Retrovirus 

mm 
sffSlf 
1mm 

mm 
mmm 

mm 

•••••••••••••«< 

JB/MS Tumor Cell Injected 

The Release of Interferon-Ganma (IFN-r) from 
Spleen Cells During Con A Stimulation for 72 
Hours in Dietary Canthaxanthin and LP-BM5 
Retrovirus-Infected Mice. Values are Mean 
± S.D. from 15 mice per group fed with the 
diet for 8 weeks. 
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Table 2. The Natural Killer Cell Activity Detected by 
Chromium Release Assay in Dietary Canthaxanthin 
and LP-BM5 Retrovirus-Infected Mice 

Groups Specific Cytotoxicity (%) Range 

T 10.8 + 1.9 • 

in 

- 12.7 

CX+T 7.6 ± 2.3 4.0 - 11.6 

V+T 9.6 + 3.6 4.9 - 16.7 

CX+V+T 9.2 + 2.9 5.2 1 H
 

• O
 

C 9.1 + 3.2 4.1 • 

CO H
 

=Values are Mean ± S.D. from 15 mice per group fed 
with the diet for 8 wk at Effector : Target cell 
ratio = 50:1. 

T =Placebo diet + JB/MS tumor cell injection group. 
CX+T =Canthaxanthin diet + Tumor cell injection group. 
V+T = Retrovirus infection + Placebo diet + Tumor cell 

injection group. 
CX+V+T = Retrovirus infection + Canthaxanthin diet + Tumor 

cell injection group. 
C = Placebo diet group. 



Table 3. Percentage of Cells Expressing Surface Markers in Spleen Cells of Mice+. 

T CX+T V+T CX+V+T C 
(%) 
T total fThvl.2^ 58.71*12.72 61.59*12.95 38.19*13.01*5! 37.48*13.76*5' 64.93*11.28 8 s 25.88± 3.36 25.97± 3.36 27.25* 5.65 29.40* 6.89 27.76* 7.01 
CD8+ CLvt2^ 19.19± 5.51 21.59* 4.52 19.73* 4.88 19.75* 4.27 22.45* 4.83 
IL2R+ 1.50* 1.15 1.19* 0.80 1.69* 1.27 1.53* 0.86 1.47* 1.50 
Ia+ 11.28* 3.82 10.90* 3.69 20.03* 6.16**' 20.90* 7.84**' 9.71* 5.45 
CD5+ 49.03*12.05 56.50*10.87 43.49*11.86*' 44.05*12.48*' 56.90*14.27 
Macrophages 5.56* 1.79 5.38* 2.76 8.96* 3.38*5' 9.51* 2.31**' 5.37* 2.05 
B 36.99± 3.72 26.86* 5.59 63.57±22.71*»! 72.77*25.53**' 35.81* 7.95 

Cell Number (xlO*1) 81.92±57.81 74.00*29.31 148.17*65.35 167.29*90.08 88.95*59.38 

+ = Values are mean * S.D. from 20 mice per group fed with the diet for 8 weeks. 
# = Significantly different from C group (p<0.05). 
S = Significantly different from V+T group (p<0.05). 
! = Significantly different from CX+T group (p<0.05). 
CX+V+T = Canthaxanthin diet + Retrovirus infected + JB/MS tumor injected group. 
CX+T = Canthaxanthin diet + JB/MS tumor injected group. 
V+T = Placebo diet + Retrovirus infected + JB/MS tumor injected group. 
T = Placebo diet + JB/MS tumor injected group. 
C = Control placebo diet without treated group. 
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Table 4. Percentage of Cells Expressing Surface Markers in Thymus Cells of Mice+. 

CX+T V+T CX+V+T 
(%) 
T total mivl.21 
CD4+ (L3T4^ 
CD8+ fLvt21 
IL2R+ ~ 
Ia+ 
CD5+ ~ 

93.87± 2.62 
90.31± 2.33 
76.89± 4.56*1 

1.39± 1.18 
1.37± 1.18 

79.01 ± 6.88 

Cell Number (xlO*5) 75.76±43.35 

94.64* 2.29 
89.15* 6.01 
82.43± 4.8731 

4.32± 2.56 
1.25± 1.16 

74.07± 9.23 

88.67± 4.83*$' 
83.65± 4.83*^ 
67.33ill.00**1 

1.28± 1.12 
6.43± 7.91 

83.02t 6.49 

86.62* 4.81**' 
83.75* 5.24**' 
69.50*11.47*^ 
1.75* 2.24 
2.01* 1.52 

76.23*16.44 

53.58*22.80 

94.23* 3.44 
90.09* 4.57 
82.68* 4.84* 
0.86* 0.39 
0.83* 0.41 

80.42± 7.13 

92.76*49.94 74.91*29.% 69.34*34.44 

+ = 
# 
$ 
i = 
CX+V+T 
CX+T = 
V+T = 
T 
C 

Values are mean t S.D. from 20 mice per group fed with the diet for 8 weeks. 
Significantly different from C group (p<0.05). 
Significantly different from V+T group (p<0.05). 
Significantly different from CX+T group (p<0.05). 
= Canthaxanthin diet + Retrovirus infected + JB/MS tumor injected group. 
Canthaxanthin diet + JB/MS tumor injected group. 
Placebo diet + Retrovirus infected + JB/MS tumor injected group. 
Placebo diet + JB/MS tumor injected group. 
Control placebo diet without treated group. 
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DISCUSSION 

LP-BM5 .MuLV-infected mice develop hypergamma

globulinemia, lymphadenopathy, splenomegaly, and T cell 

functional immunodeficiency that can be observed and 

identified after 5-8 weeks inoculation. Later, 

neurological symptoms including paralysis as well as 

opportunistic infections occur (14,43,69-71,83,116, 

118,123). In the present study we showed that LP-BM5 

MuLV-infected mice exhibited an increased spleen/body 

weight ratio in comparison with controls, which is a 

typical feature of infection with this particular 

retrovirus (116). Spleen cell numbers were also increased 

in virus-infected mice. 

LP-BM5 MuLV infection significantly decreased survival 

after injection with JB/MS murine melanoma. This might be 

due to reduced NK cell activity and reduced interleukin-2 

(IL-2) production caused by the presence of the virus 

(14,43,69-71,83,118,124). We assume that part of the 

changes in the immune system associated with retroviral 

infection could be modified host defenses against the 

tumor (117). In our study the JB/MS tumor cells grew and 

caused death in uninfected mice, so even normal immune 

defenses were not sufficient to provide resistance. 
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Canthaxanthin (CX) is similar in its structure to beta-

carotene (BCT) which has eleven conjugated double bonds 

in a trans configuration as well as the ability to quench 

singlet oxygen and to act as an antioxidant; but it is not 

a precursor of vitamin A (4). CX was tested by Shklar et 

al. (104) and Alam et al. (4) in cancer chemopreventive 

studies in experimental animals. They found that CX 

inhibited DMBA-induced tumors in buccal pouch of hamsters 

(104) and significantly lowered the incidence of DMBA-

induced salivary gland tumors in rats (4) . Another animal 

study done by Mathews-Roth (27) reported that dietary CX 

greatly reduces the incidence of skin tumors in UV-light 

exposed mice. However, Krinsky (55) investigated the 

effects of different levels of dietary carotenoids on the 

protection against tumors induced by UV light. He 

demonstrated that the carotenoids did not prevent tumor 

formation, but prolonged the time before the appearance of 

tumors (44). 

In our study, the body or spleen weight of mice was 

not significantly different from controls. However, tumor 

growth rate was reduced, and survival time was increased 

after JB/MS melanoma injection. LP-BM5 MuLV-infection 

with its attendant immunodeficiency significantly 
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increased tumor growth, which could be caused by the 

immunosuppression shown in other studies (14, 43,70-

71,83,116,118,123). The cause of death in the tumor-

injected mice was not determined. Mice that were virus-

infected developed larger tumors than the ones in the 

other experimental groups. CX added to the diet seemed to 

retard the retrovirus-induced tumor growth in CX plus 

virus plus tumor group. 

While there is limited information about carotenoid 

effects on the immune system in vivo, carotenoids appear 

to stimulate host defenses which could improve cancer 

resistance (121). BCT stimulated normal human leukocytes 

to secrete a novel cytokine that caused the cytolysis of 

human tumors cell lines (1) . CX did not modify tumor 

growth in uninfected mice, but it reduced tumor growth in 

mice infected with LP-BM5 virus. IFN-T production from 

Con A-stimulated spleen cells was not augmented further by 

dietary CX, but was reduced by retroviral infection. 

Bendich, et al. reported that T and B lymphocytes of 

animals fed carotenoids responded to Con A stimulation in 

vitro with increased mitogenesis when compared with cells 

from animals fed a placebo diet (10). 

IFN-r production was lower in virus-infected plus 
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tumor-injected group. This finding could be due to the 

effect of retroviral infection on T lymphocytes, 

specifically on CD8+ cells. Loss of some T-cell functions 

may be due to the reduced ability to produce IL-2. 

Moreover, our initial data show that CX may not favor IFN-

T production. 

NK cell activity was not abolished in LP-BM5 MuLV-

infected mice, possibly because of the relatively short 

incubation period of the virus (less than two months) . NK 

cell function was increased in tumor-challenged mice, 

although the difference was not statistically significant 

and the increase in NK cell activity was insufficient to 

destroy tumor growth. 

Our studies confirmed those changes in spleen cell 

subsets in LP-BM5 infection as described previously by 

Morse et al. (37,68). Mosier et al. (71) and Yetter et 

al. (126) demonstrated the requirement of functional T 

cells for the development of B cell abnormalities in LP-

BM5 retrovirus infected mice. Moreover, the presence of 

mature B cells is also required for onset of the disease 

since neonatal mice treated with anti-mouse IgM antibodies 

do not develop the syndrome (16,51). 

Our data obtained from mice that were virus-infected 
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for less than two months and treated with dietary CX did 

not show significant changes in spleen and thymus lymphoid 

cell subsets when compared to the infected but non-CX-

treated mice. However, in human studies, Alexander ~et al. 

reported that daily oral intake of BCT over a 2 week 

period increased the number of T-lymphocytes bearing the 

0KT4+ marker found on helper/inducer T-lymphocytes (5) . 

Moreover, the spleens of rats fed experimental diets 

supplemented with either BCT or CX showed enhanced 

lymphocyte proliferative responses (10). Bendich (8) 

indicated that CX or BCT treatment of chemically-induced 

tumor-bearing hamsters showed increased numbers of 

cytotoxic T cells and macrophages than did untreated mice 

(8) . The lack of conversion of CX to retinol is a 

possible explanation for this finding (27). When retinol 

was combined with CX, UV-induced tumors were smaller and 

immunosuppression was less (27). 
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CONCLUDING DISCUSSION 

Canthaxanthin (CX), a non-provitamin A earotenoid, 

directly inhibited the growth of three murine tumor cell 

lines JB/MS, B16F10, and PYB6 in vitro. in a 

concentration-dependent manner, when solubilized with 

ethanol or DMSO. 

To study the direct effect of CX on the growth of tumor 

cells in vitro, liposome was used as a vehicle with which 

to deliver the hydrophobic CX molecule to cells growing in 

culture medium. Liposomes have a potential use for the 

deliver of drugs or other compounds in vivo (84,95,13 0) 

or in vitro (81,22). These compounds can be incorporated 

into liposomes without the formation of chemical bonds 

(130). 

It is believed that liposomes release their contents 

to cells by one of two methods: 1) endocytosis by the 

cells; or 2) fusion with cell membrane (42,79,81). 

However, the exact process of interaction of liposomes 

with cells is not fully understood. 

Liposomes are composed of phospholipids such as 
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phosphatidylcholine (PC; egg lecithin) which can be 

metabolized in vivo (130). The metabolites of these 

phospholipids have neither toxic nor antigenic effects in 

vivo (130). Secondly, phospholipids are a major component 

of normal cell membranes. Thus, liposomes can be taken up 

by cells without any cytotoxic effect, and encapsulated 

hydrophobic materials will be released inside the cell 

(30) . Moreover, lipid soluble compounds such as CX can be 

carried within the lipid bilayer of small-sized liposomes. 

These can be prepared by sterile filtration (130). We 

used small-sized liposomes (100 nm diameter) containing CX 

(Appendix A & B) to study the effect of CX on in vitro 

tumor cell growth. Our data indicated that liposome-

o in 
encapsulated CX (10" or 10" M) did not significantly 

inhibit the growth of JB/MS murine melanoma tumor cells in 

vitro when compared with either medium- or liposome-

treated groups (Appendix C) . The lack of effect may be 

due to the use of low concentrations of CX. Further 

studies are required to investigate the effects of higher 

concentrations of CX encapsulated in liposomes on the 

growth of tumor cells in vitro. 

There is no evidence as yet to suggest that beta-

carotene (BCT), another carotenoid, has any toxic or 
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tumorigenic effects either in vivo or in vitro (40) . 

Moreover, it has been suggested that all carotenoids with 

a similar structure should have similar effects (9) . 

Thus, it has been believed that, like BCT, CX has no toxic 

effects. To confirm this hypothesis we evaluated the 

toxic effect of CX on the growth of non-transformed 

NIH/3T3 cells (ATCC CRL 1658) in culture (Appendix D) . 

-4 
The data indicated that a high concentration of CX (10 M) 

had no inhibitory effect, and in fact enhanced 3T3 cell 

growth in vitro when compared with the vehicle control 

(0.1% EtOH) group (Appendix E) . From this result we 

hypothesized that, in addition to other normal animal 

cells, CX may have no toxic effects on the NIH-3T3 cell 

line. The effects of CX on other normal cell lines, 

together with the cellular levels of CX that can be 

achieved also require investigation. Furthermore, the 

safety of CX needs to be assessed in tests in sub-chronic 

and chronic experiments with animals. 

The possible mechanism of inhibition of cancer cell 

growth by CX in in vivo may be its ability to quench 

singlet oxygen and free radicals (10,45,86). This anti

oxidant action can reduce the levels of immunosuppressive 

peroxides and maintain immune cell membrane fluidity, and 
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preserve the structure of membrane receptors involved in 

host defense systems (8). It may therefore exert its 

anti-cancer effects, in part, by enhancing 

immunosurveillance mechanisms. 

Although our in vivo studies did not have significant 

results to prove dietary CX may have immunomodulatory 

effects in LP-BM5 retrovirus-infected C57BL/6 female mice, 

other studies suggested that carotenoids such as BCT and 

CX do have immunomodulatory effects, both in vivo or in 

vitro (5,8,10,52,90). Therefore more parameters need to 

be investigated in our animal studies such as: 1) the 

proliferation of T and B lymphocytes; 2) the levels of 

cytokines in mouse serum; 3) the phagocytic and non

specific cytotoxic capacity of peritoneal and alveolar 

macrophages; 4) the expression of receptors on various 

cells which function in cell modulation; and 5) molecular 

biological research of immunomodulatory mechanism to 

understand the modulation of these dietary agents in 

cancer prevention. Further studies are warranted to 

evaluate the above mentioned parameters in relation to 

carotenoid-induced immunomodulation. 

It has been suggested recently that HIV, the causative 

agent of AIDS, survives in macrophages for long periods. 
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This may cause macrophages to become unresponsive to 

lymphokines and provide an environment for enhancing viral 

gene expression and dissemination (94). This may reduce 

the ability of the phagocytic system to protect against 

opportunistic infectious agents (94). Retroviruses may 

cause disease by at least four general methods (117): (a) 

as a result of viral replication they may functionally 

impair the lymphoid cells they infect; (b) the activity of 

soluble factors of viral or host origin released from 

infected cells may induce immunosuppression; (c) damage 

due to infection of cells involved in phagocytosis, 

antigen presentation, and non-specific effector aspects of 

cell-mediated immunity; and (d) suppression of immunity 

from viral triggering of disregulation of the immune 

system with overactivity of monocytes, or T suppressor or 

helper cells (50,122). 

Nevertheless, it may be possible to use the directly 

inhibitory and immunostimluatory effects of carotenoids 

for the treatment of this specific disease. For instance, 

BCT increases the number of NK cells and T-helper cells in 

vivo. This finding has potential clinical significance 

for AIDS patients where lymphoid cells are in low numbers 

and function aberrantly (106). 
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Clinical trials in which carotenoids are used to 

stimulate the activation of helper cells, macrophages and 

NK cells in AIDS patients would therefore be of great 

interest, especially with regard to the low toxicity of 

these agents. 

Finally, we suggest that the use of carotenoids in 

cancer prevention should be based not only on their non-

toxicity, but also on their immunomodulatory effects and 

biological modifications. Further clinical and laboratory 

research is required to evaluate carotenoid treatment in 

cancer prevention, and to understand further the molecular 

mechanisms of carotenoid-induced immunostimulation in 

detail at the cellular level. 
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METHOD OF THE PREPARATION OF LIPOSOMES 

1. Materials : 
1) Phosphate buffer: Add (2) into (1) till pH = 7.5. 

(1) 0.3 M Sodium phosphate: 21.30 g Na2HP04 in 500 ml 
ddH20. 

(2) 0.3 M Potassium phosphate: 20.42 g KH2PO4 in 500 
ml ddH20. 

2) Phospolipids: (Avanti, Pelham, AL) 
(1) Egg posphatidylcholine (EPC; Lecithin): 10 mg. 
(2) Phosphatidylserine (PS): 5 mg. 
(3) Phosphatidylethanolamine (PE; Cephalins): 5 mg. 

3) Chloroform. 
4) Pyrex glass flask, glass beadlets, rotatory 

evaporator, and vacuum pump. 
5) Argon, nitrogen gas, and Dry ice. 
6) Extruder and 0.1 /um PC filter (Nuclepore, Pleasanton, 

CA) . 
7) Canthaxanthin (CX; C40H52O2; Mr = 564.82): 5 mg. 
2. Procedures : 

CX encapsulated in liposomes. Chloroform dissolved CX 
was mixed with three phospholipids (EPC, PS, and PE) in 
round bottom flask. Multilamellar vesicles were prepared 
with 0.3 M phosphate buffer (pH 7.5) by rotatory 
evaporator at 46°C. After 5 times of frozen-thawing, 
sample was extruded through 0.1 mm PC filter in order to 
obtain unique size of unilamellar vesicles (liposomes). 
The size of liposomes were measured. In addition, the 
concentration of CX in liposomes was determined by high-
pressure liquid chromatography (HPLC) and 
spectrophotometer. 

Determination of the Size of Liposome. The size of 
liposomes were measured by 5 mW He/Ne laser machine with 
632.8 nm wave length (Brookhaven Instruments Corporation 
(BIC), Holtsville, NY). The data collection was used 
laser light scattering goniometer (BIC). The data was 
analyzed by BI8000AT/advanced digital correlator (BIC). 
All softwares were from BIC. 

Reference: 1002, 1011, 1014, and 1012. 



APPENDIX B 

TABLE OF THE SIZES OF LIPOSOME AND CANTHAXANTHIN ENCAPSULATED IN LIPOSOME 

Kinds 0 Diameter (nm) 
of 

Liposome Cumulants Exp. Samp. NNLS CONTIN 

Liposome only 60° 109.74± 4.03 
90" 106.96± 4.28 
120° 108.72± 5.93 

109.33± 4.73 
112.00±27.73 
120.33±14.01 

99.33± 4.93 
105.67±13.05 
93.33± 4.16 

108.33± 8.02 
108.33± 9.61 
98.00± 3.00 

Canthaxanthin 60' 
Encapsulated 9 0' 
in Liposome 120' 

108.52± 4.69 
109.30± 4.12 
106.40± 2.93 

113.50± 9.19 
105.00±19.00 
104.33± 5.51 

96.67± 5.51 
109.001 7.00 
104.331 3.51 

100.331 4.51 
96.001 5.66 
108.501 0.71 

Cumulants 
Exp. Sampling 
NNLS 
CONTIN 

= Cumulant Analysis (Linear Fit + Quadratic Fit + Cubic Fit) 
= Exponential Sampling. 
= Non-Negatively Contrained Least Squares: Multiple Pass. 
= Non-Negatively Contrained Least Squares: Regularized. 

o\ 
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APPENDIX C 

FIGURE OF THE IN VITRO GROWTH OF TUMOR CELLS WITH 

CANTHAXANTHIN ENCAPSULATED IN LIPOSOMES 

C3 Medium Only 
u-) ESS Liposome Only 

• 10-BU Conthoxonthin + Up. 

72 Hours Incubation 
«> 

-O 
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3 C3 Uedkim Only 
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Ui ̂  Liposome Only 

• 10-10M Conthoxanthim + Lip. 

72 Hours Incubation 

C3 Medium Only 
2J-| BS Liposome Only 

IB 10-10M Conthoxanthim + Lip. 
io-

96 Hours Incubation 96 Hours Incubation 
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FIGURE OF THE IN VITRO GROWTH OF NIH-3T3 

CELLS WITH CANTHAXANTHIN 
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