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Abstract
Carotenoids in foods could reduce the risk of different disorders such as many forms of cancer. The carotenoids are usually aug-

mented in lipophilic compartments. The main biochemical functions of carotenoids are related to the conjugated double bonds in
their structures responsible for various colors. Several statistical investigations indicated an association between the use of carot-

enoids in diets and a decreased incidence of cancer types, suggesting the antioxidant properties of these compounds as an impor-

tant factor. In this line, several studies have represented different mechanisms of action for carotenoids including up-regulation of
gap junctional communication (GJC), stimulation of detoxifying enzymes and prevention of cell proliferation, as well as antioxidant

activities and their conversion to vitamin A. Preclinical studies demonstrated that the carotenoids have effective anti-tumor effects

both in vitro and in vivo, suggesting their potential preventive or therapeutic roles. Briefly, the reports suggested that carotenoids

are safe, but they may exert carcinogenic effects under high doses. Furthermore, antioxidant activities of carotenoids are the most
important anti-cancer properties among other biological functions. In this mini-review, we describe the major biological activities
of carotenoids against a wide variety of tumor cells and tissues. Indeed, the anti-tumor effects of some carotenoids as well as their
mechanisms will be individually evaluated in various types of cancers.
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Abbreviations
AhR: Aryl-Hydrocarbon Receptor; ERE: Estrogen Response El-

ement; ER: Estrogen Receptors; HMG-CoA reductase: 3-Hydroxy-

3-Methylglutaryl-Coenzyme A Reductase; IGF-I: Insulin-Like
Growth Factor I; GJC: Gap Junctional Communication; GSH: Gluta-

thione; NO: Nitric Oxide; iNOS: Inducible Nitric Oxide Synthase;

PPARc: Peroxisome Proliferator-Activated Receptor Gamma; RAR:
Retinoic Acid Receptor; ROS: Reactive Oxygen Species; Rb: Retinoblastoma; TNF-α: Tumor Necrosis Factor; VEGF: Vascular Endothelial Growth Factor

Introduction

Carotenoids contain a group of natural fat-soluble pigments

available in various vegetables and fruits. Based on their chemical
composition as shown in figure 1, they are classified in two main

groups: a) carotenes (e.g. β-carotene, α-carotene, and lycopene
containing hydrogen and carbon atoms), and b) xanthophylls (e.g.

lutein, zeaxanthin, canthaxanthin, α- and β-cryptoxanthin and

astaxanthin containing hydroxy- and keto groups) [1]. Epidemiologic studies have demonstrated a reverse correlation between the

incidence of different cancer types, and blood or food carotenoid
levels [2,3]. The most promising effects of carotenoids are associ-

ated with their role as antioxidants and/or their earlier conversion
to vitamin A [4,5]. A variety of carotenoids, acting as antioxidants,
can effectively decrease the toxic effects of reactive oxygen species (ROS) generated in different diseases such as aging, cancer

and cardiovascular and neurodegenerative diseases. The studies

have shown that dietary carotenoids without provitamin A activ-

ity such as canthaxanthin, lutein, astaxanthin and lycopene could

enhance immune responses significantly higher than β-carotene in

vivo [5,6].

Citation: Azam Bolhassani., et al. “Carotenoids and Cancer: Biological Functions”. Acta Scientific Pharmaceutical Sciences 1.6 (2017): 11-20.

Carotenoids and Cancer: Biological Functions
12

Figure 1: Chemical composition of carotenoids is shown in two main groups: Carotenes containing hydrogen

and carbon atoms (e.g. β-carotene, α-carotene and lycopene), and Xanthophylls containing hydroxy- and keto
groups (e.g. lutein, zeaxanthin, β-cryptoxanthin, astaxanthin, crocin and crocetin) [https://en.wikipedia.org].
The immuno-enhancement properties by non-provitamin A ca-

rotenoids were due to their relative activity or the type of immune
response induced by them as compared to β-carotene [5]. Generally,

their mechanisms in chemo-prevention of cancer contain inhibition
of cell proliferation, regulation of cell growth and cell cycle progression, anti-oxidant activity, modulation of carcinogen metabolism,

stimulation of cell-to-cell gap junction communication, immune

modulation, enhancement of cell differentiation, and apoptosis
[7]. In this narrative mini-review, we explain the effects of carot-

enoids against many forms of cancers along with their mechanisms
of action. Indeed, each carotenoid could influence some types of
cancers. Furthermore, in vitro and in vivo anti-tumor effects of curcumin extracted from turmeric powder are shown in several trials.

As known, curcumin has a different structure from the carotenoids,
but due to its hydroxy- and keto groups and the same functions, it

has been extensively involved in carotenoids. Generally, anti-tumor

effects of main carotenoids as well as curcumin will be individually
described against various types of cancers.

Breast Cancer
Lycopene, β-carotene, crocin and crocetin carotenoids were

used to heal breast cancer. The studies showed that cell treat-

ment with lycopene inhibited insulin-like growth factor I (IGF-I)stimulated cell cycle progression from G1 to S phase and reduced

phosphorylation of retinoblastoma protein (pRb). These actions
were related to a decrease in cyclin D1 and p21CIP1/WAF1 levels, but

no change in the levels of cyclin E and CDK2/ CDK4 in MCF-7, and
ECC-1 cell lines [8]. The carotenoids (lycopene or β-carotene)
suppressed estrogen-induced transactivation of the estrogen response element (ERE) reporter gene that was mediated by both

estrogen receptors (ERa and Erb), and consequently cancer cell

proliferation induced by either E2 or genistein in both T47D and

ECC-1 cells. Indeed, carotenoids could induce trans-activation of
the antioxidant response element and/or activate other transcrip-

tion systems such as peroxisome proliferator-activated receptor
gamma (PPARc), Aryl-hydrocarbon receptor (AhR), and retinoic
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acid receptor (RAR) [9]. Lycopene also stimulated strong activation

ing the reduced glutathione (GSH) [13]. Furthermore, other stud-

MDA-MB-468 cell lines. The highest growth inhibition was detected

cell cycle by down-regulation of cyclin D1. Treatment with crocin

of the ERK1⁄2, with cyclin D1 suppression and p21 upregulation in

ER/ PR positive MCF-7, HER2-positive SK-BR-3 and triple-negative
in MDA-MB-468, when the sub-G0⁄ G1 apoptotic population was

significantly enhanced along with cleavage of poly (ADP-ribose)
polymerase (PARP). A decrease in cell population was observed

in S and G2⁄M phases regardless of subtypes of breast cancer [10].

Another study showed that the reduction in cyclin D1 levels using

lycopene may have two main results: a) a decrease in CDK4 kinase
activity due to reduction in cyclin D ± CDK4 complexes; b) inhibi-

tion of CDK2 activity because of retention of p27 in cyclin E ± CDK2
complexes. These events are responsible for a decrease in phosphorylation of pRb and inhibition of G1/S transition [11]. In triple
negative cells, lycopene repressed the phosphorylation of Akt fol-

lowed by up-regulation of pro-apoptotic Bax without affecting anti-

apoptotic Bcl-xL. Indeed, the increased expression of Bax in MDA-

ies showed that crocin carotenoid stimulates apoptosis in tumor
tissue. Indeed, it suppressed the growth of tumors and blocked the

significantly inhibited overexpression of cyclin D1 in both mRNA
and protein levels as well as p21Cip1 in a p53-dependent manner as

observed in bladder cancer T24 cell line (TCCB) and BALB/c xenograft tumor [14]. Crocetin carotenoid also prevented the proliferation of MDA-MB-231 breast cancer cells in a similar approach

with crocin suggesting that the effects of both carotenoids depend

on their polyene backbone [15]. Moreover, a significant increase

in expression levels of Bax and cytosolic cytochrome c as well as
a decrease in bcl-2 expression was observed after treatment with
crocin [16].

Neuroblastoma
The data indicated that lycopene is a superior inhibitor than

MB-468 cells was responsible for the lycopene-induced apoptosis

α- and β-carotene in cancer cells (e.g. neuroblastoma) likely due to

to 7,12-Dimethyl Benz(a)anthracene (DMBA)-treated animals sig-

was more effective than β-carotene in inhibiting the proliferation

that was not observed in SK-BR-3 and MCF-7 cells [10]. On the other
hand, administration of lycopene, genistein, and their combination

nificantly decreased Bcl-2 expression and significantly enhanced

its specific structure, i.e. the further number of conjugated double

bonds and/or the lack of p-ionone rings. Moreover, α-carotene
of the human neuroblastoma cell line [17].

Bax, caspase 3, and caspase 9 expressions. Both lycopene and ge-

Myeloid Leukemia and Melanoma

ally, the biochemical mechanisms affecting the anti-tumor activities

could inhibit the proliferation of leukemia K562 cells in a dose- and

with RARβ in ER-negative cells leading to high expression of BRCA1,

of PPAR and p21 as well as Nrf2, an important transcription fac-

nistein reduced breast tumor development, but their combination

(lycopene + genistein) showed stronger effects in rats [11]. Gener-

of lycopene are unclear. It seems that lycopene and its derivatives
may interact with a nuclear receptor (RARα) in ER-positive cells and

D11-BRCA1, BRCA2, and D12-BRCA2 genes in ER-positive cells in

contrast to their low expression in ER-negative cells [12]. On the
other hand, the data demonstrated that β-carotene significantly en-

hanced the expression levels of peroxisome proliferator-activated
receptor c (PPAR-) in MCF-7 breast cancer cells involved to regu-

late differentiation and apoptosis. Beta-carotene also augmented
the expression of cyclin-dependent kinase inhibitor p21

WAF1/CIP1

and reduced the expression of prostanoid synthesis rate-limiting
enzyme, cyclooxygenase-2. Beta-carotene could stimulate the production of intracellular reactive oxygen species (ROS) leading to mi-

tochondrial dysfunction, cytochrome C release, and cell apoptosis.
These functions induced by β-carotene could be suppressed by us-

Regarding the studies, β-carotene, astaxanthin, and capsanthin

time-dependent manner, induce cell apoptosis, and regulate cell

cycle progression. These carotenoids up-regulated the expression
tor in Keap1-Nrf2/EpRE/ARE signaling pathway. In contrast, they

down-regulated the expression of cyclin D1 in a dose-dependent
manner. Kawada., et al. indicated that carotenoids also regulate

adipocyte differentiation through changing RXR and peroxisome
proliferator-activated receptor gamma (PPAR-γ) activity [18,19].

On the other hand, the results indicated that β-carotene stimulates

apoptosis by the activation of caspase-3, caspase-8, caspase-9, and
cytochrome c release from mitochondria in human leukemia (HL-

60), colon adenocarcinoma (HT-29), and melanoma (SK-MEL-2)

cell lines. A dose-dependent decrease in the anti-apoptotic protein
Bcl-2 and a dose-dependent increase in the cleaved form of BID
(t-BID) were also observed. The data indicated that the activation
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of NF-κB plays a major role in apoptosis via β-carotene-induced cas-

progress in the apoptotic cell population (i.e. a high ratio of cells in

could significantly inhibit the production of nitric oxide (NO) and

increased 3.1%, 6.8%, 18.4% at 24, 48, and 72 h post-treatment.

pase cascade. The TNF/Fas ligand system/receptor is also involved
in the activation of caspase-8 by β-carotene [20,21]. Beta-carotene
tumor necrosis factor (TNF-α), and stimulate apoptosis through
suppression of bcl-2 expression and up-regulation of p53 and cas-

pase-3 in B16F-10 melanoma cells. Also, β-carotene could down-

regulate the expression of inducible nitric oxide synthase (iNOS)
gene in these cells [22].
Colorectal Cancer

In an in vitro study, the anti-tumor effects of crocin on three hu-

man colorectal cancer cells (HCT-116, SW-480, and HT-29) were
evaluated. The results indicated a significant anticancer activity of
crocin on HCT-116 as compared to two other cell lines likely due

to the presence of wild-type p53 in HCT-116 cells which it was

mutated in SW-480 and HT-29 cells [23,24]. In addition, HCT-116
cells showed a significant decrease in S phase and an increase in

G2 phase followed by later proliferation. On the other hand, saffron elicited autophagy in a p53-dependent approach. Indeed, the

level of LC3-II, a marker of the accumulation of autophagosomes,

the G2/M phase against a low ratio of cells in the G0/ G1 phase). The
sub-G0/ G1 cell population indicating apoptotic cells was gradually

These results indicated that curcumin reduced the cell proliferation and survival through activation of the MAPK pathway, and

inactivation of AKT-mTOR pathway. Curcumin decreased the expression and phosphorylation of anti-apoptotic Bcl-2, but did not

influence the expression of pro-apoptotic Bax and anti-apoptotic

NF-κB [27]. Other study showed that curcumin prevented NF-κB

activation via inhibition of p65 translocation to the nucleus and

also IκBα degradation in different cell types [28]. In general, curcumin could suppress the expression of cyclin-D1, IL-6, Bcl-2,

Bcl-xL, cyclooxygenase-2 and matrix metallopeptidase-9 genes
involved in cell proliferation using inhibition of NF-κB activation

[29]. Moreover, curcumin may stimulate apoptosis mainly by inactivation of Bcl-2 through NF-κB signaling-independent mechanism in HAG-1 gallbladder adenocarcinoma cells [30].
Oral Cancer

Astaxanthin suppressed NF-κB and Wnt signaling, and reduced

indicated that saffron stimulated a further conversion from LC3-

phosphorylation of IκB-α by down-regulating the expression of

ring with autophagic vesicle formation was also observed in the

Indeed, Astaxanthin may inhibit these pathways through inactiva-

I to LC3-II in HCT116 p53−/− cells than in HCT116 p53 wild type

cells at different times. A higher Beclin 1 protein level interferHCT116 p53−/− cells after saffron treatment. In general, the induction of apoptosis by saffron extract plays an important role in the

death of human hepatocellular carcinoma cells and HeLa cells

[25]. Dietary administration of Astaxanthin (AX) decreased the

IL-1β, IL-6, COX-2, TNF-α, and iNOS mRNA expression, inhibited
proliferation, and induced apoptosis in the colonic adenocarci-

nomas. Indeed, it suppressed significantly several inflammatory
events and NF-κB expression. As known, the NF-κB pathway has a

main role in anti-apoptotic signaling. Thus, AX demonstrated the
chemo-preventive effect on colon carcinogenesis through several
pathways, e.g. NF-κB pathway [26].

Gallbladder Adenocarcinoma

Curcumin represented dose-dependent anti-tumor activity

IKK-β and GSK-3β, thus preventing the nuclear translocation of
NF-κB p65, DNA binding and transactivation potential of NF-κB.
tion of the upstream signaling kinases Erk/Akt. Astaxanthin also

stimulated caspase-mediated mitochondrial apoptosis by downregulating the expression of anti-apoptotic Bcl-2, p-Bad, survivin,
and up-regulating pro-apoptotic Bax and Bad, along with efflux

of Smac/Diablo and cytochrome-c into the cytosol, and induced
cleavage of poly (ADP-ribose) polymerase (PARP) [31]. On the

other hand, a significant reduction in cell viability was observed in
curcumin-treated oral carcinoma CAL-27 cells, indicating stimulation of apoptosis and also down-regulation of Notch-1 and NFκB [32]. In addition, the studies supported the use of crocin as

a chemoprophylactic or therapeutic agent for oral squamous cell
carcinomas (OSCCs). Crocin could inhibit the synthesis of cellular
nucleic acids [33].

against HAG-1 cells, suggesting the cell arrest in G2/M phase, with
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Prostate Cancer
The response of androgen-independent cells (PC3) to lycopene

was similar to that of androgen-responsive cells (LNCaP), but the

maximal growth suppression of PC3 cells was less than that in LN-

CaP cells. The data showed that lycopene inhibited mitotic activity
in both cells [34]. The anti-tumor effect of Lycopene was caused by

changes in mevalonate pathway and in Ras activation [35]. These

data confirmed other studies indicating that lycopene is able to
suppress intracellular total cholesterol synthesis in cultured macrophages and in human by decreasing the expression of 3-hydroxy-

3-methylglutaryl-coenzyme A (HMG-CoA) reductase and also by

inactivating Ras [35-37]. Moreover, lycopene decreased the Ras-dependent activation of NF-κB, inhibited production of reactive oxygen species, and reduced the phosphorylation of c-jun N-terminal

kinase, extracellular signal-regulated kinase 1/2 and p38. These
effects were also associated with an arrest of cell cycle progression
and apoptosis induction, a decrease in cyclin D1 and phospho-AKT
levels and an increase in p21, p27 and p53 levels and in Bax: Bcl-2

ratio. Lycopene-treated cells indicated a dose-dependent decrease
of cyclin D1 and a dose-dependent increase in p53, p21WAF1/CIP1 and

p27. LNCaP cells therapy with lycopene also reduced AKT phos-

phorylation in a dose-dependent manner. Altogether, these findings
showed a novel insight for the growth-inhibitory effects of lycopene

in cancer [35]. In addition, the combination of several carotenoids
(e.g. lycopene, phytoene and phytofluene) synergistically inhibited the androgen receptor activity and activated the Electrophile/
Antioxidant Response Element transcription system (EpRE/ARE

reporter gene) for prostate cancer prevention [38]. A phase II ran-

domized clinical trial showed that patients treated with lycopene

had a decrease in the plasma prostate-specific antigen (PSA) level,
which is a parameter of prostate cancer (Pca) burden. The results

suggested that lycopene supplementation may decrease the growth

15

inhibit the cell proliferation only at 10-fold higher doses. In fact,

Dipalmitoyl phosphatidylcholine (DPPC) and dimyristoyl phos-

phatidyl choline (DMPC) liposomal curcumin were more effective

inhibitors than free curcumin in prostate cancer cells [41]. More-

over, the nano-and micro-curcumin particles led to a high level of
curcumin in the blood which could effectively suppress the growth
of tumor in mice. The order of uptake capacity of curcumin and
curcumin nanoformulations and subsequently induction of apop-

tosis was observed as dendrimer-curcumin > cellulose-curcumin >
beta-cyclodextrin (CD)-curcumin > PLGA nanoparticles-curcumin
> magnetic nanoparticles (MNP)-curcumin > curcumin in prostate
cancer cells [42]. For instance, PLGA-curcumin nanoparticles en-

hanced the expression of tumor suppressor PKD1, inhibited STAT3

and AKT phosphorylation, induced apoptosis through inhibition of
MCL-1, Bcl-xL anti-apoptotic proteins, and stimulated PARP cleav-

age in prostate cancer cells [43]. Transcriptional activities of AP-1
and NF-κB, and expression of CREB binding protein (CBP) were
significantly reduced in the curcumin-treated LNCaP and PC-3 cell

lines [44]. Another studies showed that high-dose lycopene and
β-carotene significantly reduced the expression of proliferating

cell nuclear antigen (PCNA) in tumor tissues, enhanced the levels of insulin-like growth factor-binding protein-3 in plasma, and
subsequently decreased the growth of prostate tumor cells. Fur-

thermore, the inhibition of the vascular endothelial growth factor
(VEGF) by lycopene indicated its role as an anti-angiogenesis agent

in comparison with β-carotene [45]. Generally, Dietary lycopene,
α-carotene, β-carotene, β-cryptoxanthin, lutein, and zeaxanthin

could decrease the risk of prostate cancer in a dose-dependent
manner [15]. For example, high doses of serum β-carotene may
augment the risk of prostate cancer in middle-aged men [46].
Pancreatic Cancer

Curcumin decreased the expression of NF-κB-regulated gene

of PCa, likely due to up-regulation of connexin 43 (Cx43) [39]. Oral

products, including cyclooxygenase-2, prostaglandin E2, and in-

fluence the growth of cancer cells and stimulate differentiation or

activity and pro-apoptotic effects [47]. The reports indicated that

administration of lycopene significantly prevented the growth of
DU145 tumors in BALB/c mice suggesting that lycopene can inapoptosis in a stage-specific manner as well as its potent antioxidant

properties [40]. On the other hand, human prostate cancer LNCaP
cells were more sensitive to liposomal curcumin (~70-80% inhibition of cellular proliferation) than C4-2B cells. Free curcumin could

terleukin-8 (IL-8), in invasive pancreatic carcinoma. These chang-

es were related to dose- and time-dependent anti-proliferative
Gemcitabine is a suitable drug for treatment of pancreatic cancer,
but drug resistance is a problem in patient, thus, compounds en-

hancing the antitumor effects of gemcitabine are required to cure
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this cancer. For instance, curcumin inhibited the cell proliferation,

els of lactate dehydrogenase A (LDHA) expression, one of the tar-

showed that their combination was highly effective as compared to

3-kinase (PI3K)/Akt signaling pathway is associated with the de-

increased the apoptosis induced by gemcitabine, and suppressed
NF-κB activation in different pancreatic cancer cell lines. Our results
curcumin and gemcitabine alone [48]. Indeed, their combination

significantly suppressed angiogenesis and down-regulated the expression of Ki-67 in tumor tissues [48]. In addition, nanoparticulate
curcumin inhibited the NF-κB regulated gene expression via sup-

pression of IκBa and Akt activation, increased cellular uptake, induced apoptosis, and reduced cell viability effectively higher than
native curcumin [49].

Cervical Cancer

The findings showed a significant inverse relationship between

risk of cervical cancer and α-carotene [50]. Crocin, crocetin and
dimethylcrocetin (DMC) carotenoids derived from natural saffron

are responsible for its color [51,52]. The cytotoxic and apopto-

genic effects of saffron extract and crocin in TC-1 malignant cells

were more than COS-7 non-malignant cells [53]. Moreover, the sur-

vival rate for mice treated with crocin was 100 % as compared to
groups receiving DNA vaccine alone (~66.7 %) and DNA vaccine

along with crocin (~33.3 %) indicating the high potency of crocin
as a chemotherapeutic agent [54]. Moreover, the proliferation of

cervical cancer cell line (HeLa), ovarian cancer cell line (SKOV3),
and non-small lung cancer cell line (A549) was significantly suppressed by incubation with crocetin in a dose-dependent manner.

Crocetin significantly induced G1 arrest through p53-dependent

gets for chemoprevention in cancer cells, compared to crocin [60].
On the other hand, the studies showed that phosphatidylinositol

velopment of cervical cancer. In this line, fucoxanthin could induce
apoptosis in HeLa cell line via PI3K/Akt pathway [61]. In addition,

crocin liposomal forms showed high cytotoxic effects and induced

apoptosis as compared to the crocin in HeLa and MCF-7 cells [62].
Hepatoma

Fucoxanthin decreased cisplatin-induced NF-κB expression and

increased the NF-κB-regulated Bax/Bcl-2 mRNA ratio, thus the
combination of fucoxanthin and cisplatin could be suggested as a

novel therapeutic strategy against human hepatoma cells [63]. A

previous report showed that inhibition of human hepatoma HepG2
cell proliferation by fucoxanthin is associated with cell cycle arrest
by down-regulation of cyclin D and induction of GADD45A gene

expression [64-66]. Fucoxanthin displayed anti-drug resistance

potential due to reduced interaction between pregnane X receptor
(PXR) and coactivator (SRC-1), inhibiting activation of PXR-mediat-

ed CYP3A4 and MDR1 expression [67]. The combination of fucoxan-

thin, NAI (NF-κB activation inhibitor) and cisplatin synergistically

enhanced the ratio of Bax/Bcl-2 mRNA expression, likely associated
with inhibition of the NF-κB pathway [63].
Gastric Cancer

Treatment with crocin significantly increased sub-G1 popula-

induction

tion, activated caspases, and enhanced the Bax/Bcl-2 ratio in the

and vincristine would highly develop the anticancer effect of vin-

(AGS)-treated cells and not in the human normal fibroblastic

and p53-independent mechanisms along with p21

WAF1/Cip1

in cancer cells. Crocetin activated the caspase cascade to promote

apoptosis. These data suggested that the combination of crocetin

cristine [55]. In addition, crocetin suppressed DNA, RNA, and protein synthesis in malignant cells. Among major saffron carotenoids,

crocetin showed the highest binding affinity for DNA. The previous

studies indicated that crocetin inhibits skin carcinogenesis induced
by 12-O-Tetradecanoylphorbol-13-acetate (TPA) [56] and also the

generation of cellular reactive oxygen species in lung cancer in
vivo [55,57]. Treatment with both crocetin and crocin carotenoids

showed a significant activation of nuclear factor erythroid 2-related

factor 2 (Nrf2) indicating a protective response against oxidative
stress in HeLa cells [58,59]. Crocetin significantly decreased the lev-

AGS cells indicating its anticancer effect. Elevation of the Bax/

Bcl-2 ratio was observed only in the human gastric carcinoma

(HFSF-PI3)-treated cells [68]. Regarding to the reports, crocin
exerted cytotoxic activities in various human tumors, including
acute promyelocytic leukemia cell line (HL-60), hepatocellular

carcinoma (KIM-1), HeLa cells, lymphoid leukemia (MOLT-4B)

cells, and K562 cells by inducing programmed cell death, and
therefore arresting proliferation [68,69]. Similar to crocin, cro-

cetin markedly enhanced the expression of Bax and significantly
decreased the anti-apoptotic Bcl-2 expression in the AGS cells in a

time-dependent manner; however no significant changes in Bcl-2

and Bax mRNA were observed. There were no detectable changes
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in the number of the cells in the G0/G1, S, and G2+M phases after
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lycopene on development of lung neoplasia in male mice [77-79].

incubation of the tumor cells with crocetin in different times, but it

Conclusion

in the AGS cell lines and affected protein kinase C translocation, and

a diet rich in carotenoids have a lower cancer risk. The experi-

cells [71]. High concentration of β-carotene also induced apopto-

high doses. Several mechanisms were suggested to cause the an-

significantly increased the cell population with sub-G1 DNA content.

Crocetin treatment significantly reduced the Bcl-2/Bax mRNA ratio

c-Jun, c-Fos, and c-Myc gene expression [70]. Crocetin increased
caspase activity up to 17 times after 48h of incubation with AGS
sis of AGS cells in parallel with nuclear loss of ataxia-telangiectasia

mutated (ATM) protein. In response to DNA damage, ATM activated
multiple signaling pathways, such as cell cycle checkpoints, DNA re-

pair, and apoptosis. Indeed, the nuclear level of ATM decreased in

the cells treated with β-carotene. Moreover, β-carotene stimulated

apoptotic protein expression such as p53 and Bax, and suppressed
Bcl-2 expression in gastric cancer cells [34,72].
Lung Cancer

Crocetin has strong antioxidant properties in lung cancer-bear-

ing mice [28]. Its inhibitory mechanisms on malignancy include
modulating cell transformation, decreasing the degree of lung can-

cer growth, and controlling cell proliferation and differentiation.

As observed, the levels of polyamines were enhanced in tumor-

Regarding to the epidemiological studies, populations that use

ments strongly suggest that carotenoids are safe, but they may be
toxic and exert carcinogenic effects under specific conditions and

ticancer properties of carotenoids such as antioxidant activities.
These molecules can stimulate apoptosis in tumor cells. Their

ability to modify the expression of transcription factors and/or
proteins involved in the apoptotic pathway depends on carot-

enoid concentration, the effects of other carotenoids, and tumor

cell type. There are some problems that are still unsolved. For ex-

ample, carotenoid levels obtained in experiments are much higher
than those in human blood. In addition, a synergistic action of low

concentrations of various carotenoids is usually more effective
than each carotenoid alone. On the other hand, it is not clear that

the observed changes in various cellular pathways are due to direct effects of the carotenoid molecules or are mediated by their

derivatives. However, further studies are necessary to determine
the effective and active carotenoid derivatives.

bearing animals. Using crocetin carotenoid, the levels of polyamine
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