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Lycopene is a well-known compound found commonly in tomatoes which brings wide range of health benefits

against cardiovascular diseases and cancers. From an anti-cancer perspective, lycopene is often associated with

reduced risk of prostate cancer and people often look for it as a dietary supplement which may help to prevent

cancer.

lycopene  tomatoes  cancer  immune system  inflammation

1. Introduction

Cancer originates from the dysregulation of vital genes involved in the cell maintenance system. This results in

abnormal cell proliferation due to the imbalance between proto-oncogene and tumor suppressive gene . There

were more than 277 different types of cancers with different pathogenesis pathways, with genetic inheritance being

the dominant factor of cancer development and progression . The available effective treatments for cancer are

generally chemotherapy and radiotherapy based. Chemotherapy is a type of standard cancer therapy with the use

of drugs (bleomycin and cisplatin) with severe side effects such as vomiting for approximately 12 times per day

after treatment . Radiotherapy is a therapy which uses radiation to damage the DNA of cancerous cells, with the

major limitation being the lack of specificity and thus, causing damage to the normal cells surrounding the

malignant tumor. It can also lead to many side effects with respective to the types of underlying cancers such as

nausea, vomiting and gastritis for liver cancer; bowel incontinence and rectal irritation for colorectal cancer;

shortness of breath and radiation pneumonitis for lung cancer . Though being known to be effective against

cancer, they will eventually take their tolls on patients’ bodies, both mentally and physically. In the search of

alternatives, some would turn to nutritional approach for cancer with the use of plant-based food which contains

various nutrients and phytochemicals which could be helpful towards cancer.

Recent advances in the field of nutrition showed that bioactive compounds from plant-based food such as rutin,

curcumins, tocotrienols could enhance the efficacy of chemotherapy and alleviate the side effects of

chemotherapeutic drugs . Naturally occurring carotenoids were also found to be associated with

decreased risk of various cancer such as prostate breast, colorectal and ovarian cancer, mostly due to their

antioxidant effect and effect in reducing carcinogenesis and regulating pathway which involves cell death and

growth . One of the bioactive compounds which was reported to possess anti-cancer activity was lycopene .
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2. Anti-Cancer Activities of Lycopene

2.1. Cell Culture Studies

All reviewed articles reported positive outcome in terms of the anti-cancer property of lycopene. The first published

study on the topic of interest occurred in 2005, when SK-Hep-1 cells, a highly invasive hepatoma cell were treated

with 1, 2.5, 5, 10, 20 µmol/L of lycopene. The result came out whereby lycopene was found to be able to suppress

the cancerous cell migration and invasion, in a bell-shaped manner. Such suppression was negatively correlated

with the expression of nm23-H1, a metastasis suppressor which was enhanced by lycopene. The researchers

explained that the bell-shaped manner of lycopene could be due to the possibility of autooxidation of lycopene at

high concentration and thus, searching for the correct concentration was crucial . Two years later, by studying

using the same cell line, treatment with 1–10 µM of lycopene significantly inhibited cell invasion, MMP-9, NF-κB,

Sp1, IGF-1R and ROS production in cells. One important message from this research was that the antioxidant

property of lycopene was only responsible for a minor role in its anti-cancer property as the anti-cancer property of

lycopene was retained even after incubation with hydrogen peroxide . A similar outcome was observed when the

same cell line was treated with 0.1–5 µM of lycopene, induced with TGF-β for metastasis, whereby there was a

reduction in NOX4 gene expression, NOX, ROS, MMP-9, MMP-2 and inhibition of cancerous cell migration,

invasion and adhesion activity .

The anti-cancer property of lycopene was not restricted to only hepatoma cell, but also breast cancer cell. Highly

aggressive breast cancer cell (H-Ras MCF10A, MDA-MB231) which had undergone treatment with lycopene

exhibited inhibition of cell invasion, migration and proliferation, accompanied by a reduction in ERK and Akt,

suggesting that both signaling pathways might play roles in the anti-cancer property of lycopene. In ER/PR+ MCF-

7, HER2+ SK-BR-3 and MDA-MB-468 cell lines, treatment with lycopene for 168 h led to inhibition of cell cycle

progression in G0/G1 stage, increased PARP cleavage, ERK 1/2, p21, Bax, reduced cyclin D1, phosphorylation of

Akt, mTOR and no change for Bcl-xL . The anti-cancer effect of lycopene on breast cancer was significant and

thus, suggesting its potential in the prevention of breast cancer.

In human colon cancer cells (HT-29 cells), treatment with lycopene reduced cancerous cell invasion, expression of

MMP-7, GSK-3β, ERK 1/2, AP-1, β-catenin, phosphorylation of Akt while increasing E-cadherin stabilization .

Lycopene was found to enhance the autophagy ability of gastric cancer cell line (HGC-27 cell lines) as observed by

increment in the expression of LC3-1 accompanied by phosphorylation of ERK while decreasing tumor weight in

Balb/c nude mice models carrying HGC-27 cells which were being fed with 20, 30 and 60 mg/kg lycopene per day

.

In an investigation whether lycopene could play roles in DNA damage, it was revealed that incubation of

lymphocytes from human blood with 10, 20 and 40 µM/mL lycopene before X-irradiation did cause significant

decrement in DNA damage. However, such effect was only restricted to treatment with lycopene before induction of

DNA damage via X-irradiation as lycopene treatment after irradiation failed to show such DNA protective effect.

The researchers did emphasize that low doses are useful as compared to high doses of lycopene in this research
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. The anti-cancer effect of lycopene was also observed in pancreatic cancer cells (PANC-1 cell line) whereby

significant reduction of ROS, NF-κB and anti-apoptotic biomarkers (cIAP1, cIAP2 and survivin) was detected while

an increment of caspase-3 and Bax:Bcl-2 ratio was noticed . These evidences pointed out that via regulation of

apoptosis, lycopene could reduce cell viability of cancerous cells and thereby, exhibiting its potential as a useful

compound in reducing the incidence of pancreatic cancer.

In mouse epidermal cell line, JBG P+ (JB6 C1 41-5a), pretreatment with lycopene for 5 days, followed by

incubation with TPA, with or without lycopene for 14 days significantly reduced colony formation and KEAP1

mRNA, while upregulating mRNA of SOD1, GSR, GPX1, CAT, GCLC, GCLM, NQO-1, HMOX1, nuclear NRF2

localization, LC3 and p62 protein levels. For in vivo part of the study, mice which were subjected to DMBA and TPA

faced lower incidence rate, multiplicity of cutaneous papillomas, lower degree of increment in epidermal thickness,

invasion of benign papillomas, 8-OHdG and 4HNE levels when lycopene was administered. The mice also

exhibited higher survival rate, GSH/GSSG ratio, SOD, GR, GPx, CAT and mRNA of SOD1, GSR, GPX1, CAT,

GCLC, GCLM, NQO-1 and HMOX1. The researcher concluded that lycopene was more effective as a

pretreatment, especially during the promotion phase of induced tumors and NRF2 was required for the observed

effect of lycopene-induced prevention against tumors. The activation of NRF2 signaling pathway might be related

to the degradation of KEAP1 by p62 via autophagy-lysosomal pathway .

There were two metabolites of lycopene which were under study for their anti-cancer effect, which include apo-10′-

lycopenoic acid and apo-8′-lycopenal. Treatment of NHBE cells (human bronchial epithelial cells, BEAS-2B-

immortalized normal bronchial epithelial cells and A549 (non-small cell lung cancer cells) with apo-10′-lycopenoic

acid managed to increase p21, p27 protein levels and reduce cyclin E level which resulted in inhibition of cell cycle

progression from G(1) phase to S phase. Apo-10′-lycopenoic acid also caused a significant increment of RAR-beta

which is involved in the binding of retinoic acid (a biological active form of vitamin A). The evidence of anti-cancer

activity of apo-10′-lycopenoic acid was strengthened when there was a significant reduction of tumor multiplicity

observed in the A/J mouse model injected with NNK (induction) and supplemented with 10, 40, 120 mg/kg of apo-

10′-lycopenoic acid . In another independent study investigating the mechanism behind such anti-cancer activity,

the result pointed out that apo-10′-lycopenoic acid may increase NRF2, HO-1, NAD(P)H dehydrogenase (quinone

1), GSTs, GCL and GSH levels in BEAS-2B cells, suggesting that lycopene may exhibit both anti-carcinogenic and

antioxidant activity via NRF2 activation and induction of detoxifying enzymes . The anti-cancer activity of apo-

10′-lycopenoic acid was observed in human liver THLE-2 and HuH7 cells whereby increment in SIRT1 enzyme

level, p21 and apoptosis activity accompanied by a reduction in cyclin D1 protein. Under the same study, C57BI/6J

mice which were induced with diethylnitrosamine following a high fat diet, supplemented with 10 mg/kg apo-10′-

lycopenoic acid for 24 weeks showed significant reduction in tumor multiplicity, volume and incidence. In terms of

biomarkers, caspase-1, TNF-α, IL-6, NF-κB p65 protein expression, STAT3, Akt activation and cyclin D1 were

suppressed significantly while an increment in SIRT1, deacetylation of SIRT1 and PARP cleavage were observed.

In vivo experiment exhibited similar outcome as shown in the in vitro test and thus, the researcher concluded that

apo-10′-lycopenoic acid had the potential in inhibiting high fat diet induced hepatic tumorigenesis via suppression

of inflammation and SIRT1 signaling activation .
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In a study investigating both lycopene and apo-8′-lycopenal (lycopene metabolite) using SK-Hep-1 cell line,

treatment with 1, 2.5, 5, 10 µM apo-8′-lycopenal and 10 µM of lycopene significantly inhibited the invasion and

migration of cancerous cell. Apo-8′-lycopenal reduced the expression of MMP-2, MMP-9, Rho GTPase via

inhibition of ERK/p38 and PI3K-Akt pathway while increased expression of metastasis suppressor nm23-H1, TIMP-

1, TIMP-2. One interesting point was mentioned by the researcher whereby the anti-cancer activity of apo-8′-

lycopenal was higher than lycopene, suggesting that this metabolite could play an essential role in the observed

anti-cancer property exhibited by lycopene . In human HepG2 cells, treatment with 1, 5, 10 µM of apo-8′-

lycopenal resulted in inhibition of cancerous cell invasion, migration and changes in biomarkers (increment in

NRF2 accumulation, HO-1 and NQO-1, decrement in KEAP1). The researcher discovered that ERK/p38-NRF2

pathway may be involved in activation of phase II detoxifying enzyme expression (HO-1, NQO-1) and the time

taken for NRF2 accumulation for lycopene was longer than apo-8′-lycopenal, indicating that this metabolite might

partially be involved in chemopreventive effects of lycopene due to its relatively short NRF2 accumulation time

 (Table 1).

Table 1. Summary of cell culture studies evaluating anti-cancer properties of lycopene.
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[15]

Compound Subject Experiment Design Outcome Reference

Lycopene
(Lyc)

SK-Hep-1 cells
(highly invasive

hepatoma cell line)

Treatment with 1, 2.5, 5, 10, 20
µmol/L Lyc

↓cell migration, invasion
(bell-shaped manner)

↑nm23-H1 (bell-shaped
manner)

nm23-H1 and cell
migration and invasion

(-ve r)

Treatment with 1–10 µM Lyc
↓cell invasion, MMP-9,
NF-κB, Sp1, IGF-1R,

ROS

Treatment with 1, 2.5, 5, 10 µM
Apo-8′-lycopenal (Lyc

metabolite), 10 µM Lyc

(Lyc, Apo-8′-lyc)↓cell
invasion, migration

(Apo-8′-lyc) ↓MMP-2,
-9, Rho GTPase,

ERK/p38, PI3K-Akt
↑nm23-H1, TIMP-1,-2

Treatment with Lyc (0.1–5 µM),
induced with TGF-β

↓NOX4 mRNA, NOX,
ROS, cell migration,
invasion, adhesion

activity, MMP-9, MMP-2

H-Ras MCF10A,
MDA-MB231

(highly aggressive
breast cancer cell)

Treatment with Lyc
↓cell invasion,

migration, proliferation
↓ERK, Akt
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Compound Subject Experiment Design Outcome Reference

HT-29 cells
(human colon
cancer cells)

Treatment with Lyc

↓cell invasion, MMP-7,
phosphorylation of Akt,
GSK-3β, ERK ½, AP-1,

β-catenin
↑E-cadherin
stabilization

ER/PR  MCF-7,
HER2  SK-BR-3,
MDA-MB-468 cell

lines

Treatment with Lyc (168 h)

inhibition of cell cycle
progression G /G
↑PARP cleavage,
ERK1/2, p21, Bax

↓cyclin D1, Akt, mTOR
↔Bcl-xL

HGC-27 cell lines
Incubated with various conc of

Lyc for 24, 48 or 72 h
↑LC3-I, p-ERK

Balb/c nude mice
model

Injected with HGC-27 cells, fed
with 20, 30, 60 mg/kg Lyc per d,

oral
↓tumour weight

Lymphocytes from
human blood

Incubation with 10, 20, 40
µM/mL Lyc, before and after X-

irradiation at doses of 0.5, 1 and
2 Gy

↓DNA damage
Note: Lyc

administration after
irradiation, no effect
Note: Low doses are

useful

(Pancreatic
cancer) PANC-1

cells

Treatment with 0.25, 0.5 µM for
24 h

↓ROS, NF-κB, cIAP1,
cIAP2, survivin

↑caspase-3, Bax:Bcl-2

Mouse epidermal
cell line, JBG P+
(JB6 Cl 41-5a)

Pretreatment with Lyc for 5
days, incubation with TPA, with

or without Lyc for 14 days

↓colony formation,
(mRNA) KEAP1

↑(mRNA) SOD1, GSR,
GPX1, CAT, GCLC,

GCLM, NQO-1,
HMOX1, nuclear NRF2
localization, LC3, p62

Mice Subjected to DMBA (60 µg)
dissolved in 0.2 mL topically on
back, after 1 week, TPA (4 µg)

twice a week for 32 weeks;
Control group (1), 8 µmol Lyc/d

since first week (2), 8 µmol
Lyc/d from first wk to 4th week

only (3), 8 µmol Lyc/d since
fourth week (4), Acetone/d since

fourth week (5): 32 weeks
experiment

↓incidence rate,
multiplicity of cutaneous
papillomas, increased
in epidermal thickness,

invasion of benign
papillomas, 8-OHdG,

4HNE
↑survival rate,

GSH/GSSG ratio, SOD,
GR, GPx, CAT, (mRNA)

SOD1, GSR, GPX1,
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Note: ‘↑’ indicates increment; ‘↓’ indicates decrement; ‘↔’ indicates no change.

2.2. Animal Studies

Most of the reviewed articles reported a positive the outcome on anti-cancer activity of lycopene while only two

studies reported that lycopene had no significant chemopreventive effect. The first study of anti-cancer activity of

lycopene on animals took place as early in 1995, whereby high mammary tumor strain of SHN virgin mice were

used. In this research, the mice were fed with either control diet or diet containing 5 × 10 % of lycopene. It was

discovered that mice fed with lycopene had suppressed mammary tumor development and reduced level of TYMS,

serum FFA and prolactin . Similar outcome was also reported in a study using rat mammary tumor model but the

major difference was the application of lycopene-enriched tomato oleoresin (LETO) instead of pure lycopene. First,

rats were injected with 10 mg/kg of LETO twice per week for two weeks, followed by induction with 7, 12-dimethyl-

benz[a]anthracene (DMBA) and the injection of 10 mg/kg of LETO lasted for a total of 16 weeks. The

administration of LETO managed to increase both plasma and hepatic lycopene and thus, rats which received such

supplementation developed less and smaller tumor, proving the effectiveness of lycopene in protecting against

mammary cancer .

Compound Subject Experiment Design Outcome Reference
CAT, GCLC, GCLM,

NQO-1, HMOX1
Note: lycopene was
more effective as a
pretreatment and

during promotion phase
of induced

tumors.NRF2 was
required for the effect of

lycopene-induced
prevention against

tumor

Apo-10′-
lycopenoic
acid, A-10-

LA (Lyc
metabolite)

NHBE cells
(human bronchial
epithelial cells),

BEAS-2B-
immortalized

normal bronchial
epithelial cells,

A549 (non-small
cell lung cancer

cells)

Treatment with apo-10′-
lycopenoic acid

↓cyclin E
inhibition of cell cycle
progression G(1)→S
↑p21, p27, RAR beta

A/J mouse model
NNK injection (induction) and
supplemented (10, 40, 120

mg/kg of A-10-LA
↓tumor multiplicity

BEAS-2B cells
Treatment with apo-10′-

lycopenoic acid

↑NRF2, HO-1,
NAD(P)H

dehydrogenase
(quinone 1), GSTs,

GCL, GSH

Human liver THLE-
2, HuH7 cells

Treatment with apo-10′-
lycopenoic acid

↑SIRT1, p21, apoptosis
↓cyclin D1

C57BI/6J mice

Supplementation with A-10-LA
(10 mg/kg) for 24 wks, high fat

diet, induced with
diethylnitrosamine

↓tumor multiplicity,
volume, incidence,

caspase-1, TNF-α, IL-6,
NF-κB p65, STAT3, Akt,

cyclin D1
↑SIRT1, PARP

cleavage

Apo-8′-
lycopenal

(Lyc
metabolite)

Human HepG2
cells

Treatment with 1, 5, 10 µM Apo-
8′-lycopenal (Lyc metabolite), 10

µM Lyc

↓cell invasion, migration
↑NRF2, HO-1, NQO-1

↓KEAP1
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Lycopene supplementation (1, 20 mg/kg BW; 2 times per week for 12 weeks) in nude mice injected with SK-Hep-1

cells managed to significantly reduce MMP-2, VEGF, PCNA, MMP-9, suppress tumor metastasis, mean number of

tumors, tumor cross-sectional area while increase nm23-H1. A dose-dependent relationship between lycopene and

the observed effect was reported . In Lewis lung carcinoma cells, the in vitro experiment on treatment with 10,

20 or 40 µM of lycopene caused increased IFNβ, IFNγ, IRF1, IRF7, CXCL9, CXCL10, pJAK and pSTAT3 mRNA

expression while suppressed mRNA expression of DMNT3a, methylation levels of promoters (IRF1, IRF7) and PD-

1 as induced by IFNγ via suppression in phosphorylation of Akt. There was no observable change in gene

expression of DNMT1 and DNMT3b. Under the same study, an experiment on C57BL/6 mice with lycopene (40

mg/kg) administered intraperitoneally for 3 days resulted in the reduction of tumor volume, weight, IL-4, IL-10, gene

expression of DMNT3a and methylation levels of promoters (IRF1, IRF7). There was a significant increment

observed in IL-2, IFNγ, CD4 :CD8  T cells ratio, percentage of IFNγ /CD8  T cells, percentage of perforin /CD8  T

cell, percentage of granzyme B /CD8  T cell, gene expression of IFNβ, IFNγ, IRF1, IRF7, CXCL9 and CXCL10.

Similar to the in vitro study, no change was observed in gene expression of DNMT1, DNMT3b, IRF3 and IRF8 .

The anti-cancer effect of lycopene was also observed in liver whereby significant reduction of GGT , GST  foci size

and liver volume fraction occupied by foci were noticed in male weanling rats which had undergone induction using

diethylnitrosamine (DEN) or 2-nitropropane (2-NP), followed by lycopene (300 mg/kg) administered

intraperitoneally for 3 to 4 weeks. No change in the number or size of preneoplastic liver foci was detected and the

researcher found out that such activity was unrelated to the antioxidant property of lycopene, but rather its effect in

modulating CYP2E1 . In resistant hepatocyte model of hepatocarcinogenesis Wistar rats, 70 mg/kg BW of

lycopene increased liver carotenoid concentration and reduced number, size and area of GST  preneoplastic

lesions and hepatic DNA strand breakage. However, no effect was seen on incidence, total number and multiplicity

of hepatocyte nodules . In another similar study, lycopene was fed together with high fat diet after injection with

DEN and lycopene was able to reduce the number of GST  hepatic foci and PCNA, cyclin D1 levels, via inhibition

of ERK pathways and NF-κB transcription. A significant increment was observed for HO-1 and NRF2 level whereby

no change was detected for TNF-α, IL-1β, IL-12 and CYP2E1. Surprisingly, high fat diet feeding with tomato extract

caused reduction in proinflammatory cytokines TNF-α, IL-1β, IL-12 and CYP2E1 enzyme, which were unaffected

by lycopene. Thus, the researcher concluded that a combination of both tomato extract and lycopene was able to

prevent hepatocarcinogenesis via a different mechanism . In BCO2-knockout male mice, lycopene

supplementation for 24 weeks in combination with high fat diet resulted in an increment in hepatic lycopene, miR-

199a/b, miR214 and decrement in hepatocellular carcinoma incidence, multiplicity, endoplasmic reticulum stress-

mediated unfolded protein response, ER(UPR) and oncogenic biomarkers such as Met mRNA, β-catenin and

mTOR1. With the same experimental design but in wild type mice, lycopene significantly exhibited anti-cancer

property, mainly by inhibition of proinflammatory signaling as seen in a significant reduction in phosphorylation of

NF-κB p65, STAT3, IL-6 and suppressed inflammatory foci. The difference in terms of the observed anti-cancer

outcome suggested that BCO2 expression may cause a difference in terms of the pathway taken to exhibit anti-

cancer property .

In gastric cancer, male Wistar rats induced with N-methyl-N′-nitrosoguanidine (MNNG) + saturated NaCl, followed

by lycopene administration resulted in reduced gastric carcinomas accompanied by increase in GSH and
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antioxidant enzymes GPx, GST and GR. The researcher proposed that the ability of lycopene in modulating

antioxidant enzymes might be the major contributor to its anti-cancer activity . In another independent

experiment using the same animal model and similar experimental design, lycopene managed to reduce tumor

burden, Bcl-2 levels and increase caspase-8, liver GSH, stomach GPx and GSH and GPx activities in liver and

erythrocytes. No change was detected in stomach and erythrocytes GSH, liver and erythrocytes GPx, GPx

activities in stomach, Bax and Bim levels . The new found capability of lycopene in the modulation of apoptosis-

associated protein, aside from its antioxidant property suggested that the mechanism behind its anti-cancer activity

could be a combination of simultaneous activation of various pathways . Recent discoveries pointed out that

modulation of the immune system via cytokines and antibodies might play roles in the anti-cancer property of

lycopene. Such claim arose from a study focusing on MNNG gastric cancer rat model whereby administration of

50, 100 or 150 mg/kg body weight of lycopene caused an increment in antioxidant enzymes as expected (SOD,

CAT, GSH-Px) and increment in cytokines (IL-2, IL-4, IL-10, TNF-α) and antibodies (IgG, IgA, IgM). Noticeable

reduction in MDA and IL-6 were detected under the same study. The researcher suggested that the upregulation of

both antioxidant status and the immune system might play roles in the anti-cancer activity of lycopene .

In terms of ovarian cancer, in vitro study using OV-MZ-6 cells with lycopene treatment (2, 5 µM) caused a

significant reduction in ITGA5 and pERK 1/2 and no change in ITGB1, total ERK and vimentin. Under the same

study, there was an in vivo experiment using ovarian cancer-bearing mice which were separated to lycopene

prevention and lycopene treatment group. In the prevention group, lycopene (0.75 mg/mL) was fed 2 weeks before

implantation of cell-seeded hydrogels while in the treatment group, lycopene was fed 4 weeks after the

implantation surgery. In the lycopene prevention group, lycopene significantly reduced metastatic load, Ki67,

ITGA5B1, ITGA5, ILK, ITGB1, FAK, MMP-9. Reduction in serum and ascites CA125 and EMT markers in

metastatic tissue were reported. The reduction in MMP-9 was restricted to only metastatic tissue but not tumor

tissue. Lycopene had no effect upon tumor load, serum and ascites MMP-9. The in vitro study pointed out that the

reduction of ITGA5 could be related to reduced pERK activity, suggesting that reduced activation of MAPK was the

key to all these observed effects. In the lycopene treatment group, there was reduction in tumor load, Ki67, ITGA5

ITGA5B1, ascites CA125 but there was an increment in MMP-9. No significant change was reported for ITGA5,

ILK, ITGB1, FAK, serum and ascites MMP-9 and serum CA125 . Through this experiment, lycopene, when

being consumed in a preventive manner was found to be effective towards metastatic cancerous tissue but not

towards the primary tumor. On the other hand, even though lycopene treatment managed to reduce tumor load, its

effect was relatively weaker to what had been observed in the prevention group. In laying hens, 200, 400 mg/kg

per kg diet of lycopene was able to reduce incidence, number and size of ovarian tumor. The rate of

adenocarcinoma and MDA level were lowered and these effects could be a result of the inhibition of NF-κB

transcription and expression of STAT3. A noticeable increment was observed for NFE2 and HO-1. In this

experiment, the antioxidant property of lycopene could contribute to its anti-cancer activity due to noticeable

changes in oxidative stress markers .

In Sprague Dawley rats, induction using N-methylnitrosourea intrarectal for a week, followed by a week of lycopene

administration resulted in reduced aberrant crypt foci development, suggesting the potential of lycopene in the

prevention of colon carcinogenesis . It was interesting to point out that often times, food source which was rich
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in lycopene such as tomato was more useful in the exhibition of anti-cancer activity. According to research done on

F344/NSlc rats, feeding of diluted tomato juice with 17 ppm lycopene caused a significant reduction in colon cancer

incidence while feeding of 17 ppm pure lycopene failed to exhibit such a result. In this study, the concentration of

lycopene in tomato juice did make a difference as feeding with tomato juice with only 3.4 ppm resulted in non-

detectable lycopene amount in colon mucosa, unlike the group fed with 17 ppm lycopene in diluted tomato juice,

which had detectable amount of lycopene (0.02 µg/g) found in colon mucosa . In a study using colon

carcinogenesis Sprague Dawley rat model, lycopene treatment after induction by azoxymethane caused

suppression of aberrant crypt foci, preneoplastic lesion and biomarkers such as COX-2 and iNOS expression .

Research on CD-1 mice in AOM-DSS model showed that lycopene administration (20, 50 mg/kg) could reduce

inflammation incidence and positive rates of IGF-2, IGFBP3 at low dosage and IGFBP2 at high dosage. It could

also increase lymphocyte infiltration but it caused variability in growth factor according to dosage. One noticeable

variability was that at low dosage, even though there was a decrement in positive rates of IGF-2 and IGFBP3, a

significant increment of positive rates was detected for IGF-1R, IGF2BP1 and IGFBP2. Similarly, for high dosage,

there was a significant spike in positive rates of IGF-1, IGF-2 and IGFBP3 despite a significant reduction in

IGFBP2. There was no change in the number of tumors or adenocarcinomas incidence but there was noticeable

focal necrosis present in colonic tissue . The anti-cancer effect of lycopene in this experiment could be said to

be moderate as there were both positive and negative outcomes, accompanied by its ineffectiveness in reducing

the number of tumors and adenocarcinomas incidence. One main point from this experiment was that lycopene

could apparently help to suppress inflammation but its effect on colon tumorigenesis was still debatable.

Interestingly, in a multiorgan carcinogenesis B6C3F1 mice model, lycopene (25/50 ppm) administration for 21

weeks after combinational induction with diethylnitrosamine (DEN), N-methyl-N-nitrosourea (MNU) and 1,2-

dimethylhydrazine (DMH) led to reduction in incidences and multiplicities of lung adenomas and carcinomas but

the effect was restricted to male mice fed with 50 ppm lycopene and water. However, no effect was seen for female

or aberrant crypt loci and tumors in both colon and kidney among groups . This experiment pointed out that the

chemopreventive effect of lycopene in multiorgan carcinogenesis model was limited and only effective for male,

specifically for lung carcinogenesis.

There were two studies which reported the ineffectiveness of lycopene in exhibiting anti-cancer effect and one of

such experiment occurred in 2001. In this experiment, hepatocellular carcinoma LEC rats were the subject under

study and they were given diet containing 0.005% of lycopene from 6 weeks of age to 76 weeks age. The reported

outcome of the study was that lycopene failed to cause any significant change in number, mean area, percentage

area of GST-P-+ focal lesions in liver, Alpha-fetoprotein (AFP) and cumulative survival rates of rats. However, a

depletion of iron concentration was noticed in liver. The researcher hence concluded that long term administration

of lycopene had no effect in reducing risk of hepatocarcinogenesis in LEC rats . Another research placed the

focus on the difference between the chemopreventive effect of both pure lycopene and lycopene-rich tomato

carotenoid oleoresin (TCO) in rat mammary tumor model. Rats were first supplemented with 250, 500 ppm

lycopene or TCO, followed by initiation with N-methylnitrosourea (NMU) for 7 days, and the experiment lasted for

18 weeks. As a result, no significant change in tumor incidence, latency, multiplicity, volume or total tumors per

group was reported for all groups. The researcher supported the fact that lycopene was ineffective in preventing

[78]
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[79]

[80]

[81]
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breast cancer as reported by some epidemiological reports . One point from this experiment worth mentioning

was that supplementation with TCO managed to increase serum lycopene concentration in a higher manner than

supplementation with pure lycopene under the same lycopene concentration (Table 2).

Table 2. Summary of animal studies evaluating anti-cancer properties of lycopene.

[82]

Compound Subject Experiment Design Outcome Reference

Lycopene
(Lyc)

High mammary tumor
strain of SHN virgin

mice

Control (1), 5 × 10 % Lyc (2),
AIN-76TM diet

↓mammary tumor
development, TYMS,
serum FFA, prolactin

Sprague Dawley rats

N-methylnitrosourea
(intrarectal, 1 wk), followed by

administration of Lyc (1),
lutein (2), α-carotene (3), β-
carotene (4), palm carotene

(5), daily gavage (wk 2 and wk
5)

↓aberrant crypt foci
development

Male weanling rats

Induction of
hepatocarcinogenesis by 6 ×

100 mg/kg BW
diethylnitrosamine (DEN)/100
mg/kg BW 2-nitropropane (2-
NP), fed with 300 mg/kg β-
carotene (1), canthaxanthin
(2), astaxanthin (3), Lyc (4),
15,000 retinol equiv. excess

vit A (5), 3-methycholanthrene
(6) intraperitoneal, 3–4 wks

↔No., size of
preneoplastic liver foci
↓size of GGT , GST

foci, Liver volume
fraction occupied by

foci
Note: modulate P-450
2E1, not antioxidant

properties

Multiorgan
carcinogenesis B6C3F1

mice model

Combined treatment with
diethylnitrosamine (DEN), N-
methyl-N-nitrosourea (MNU)
and 1,2-dimethylhydrazine
(DMH), Lyc + water: 25/50

ppm (1), Control (2), Lyc only:
25/50 ppm (3), 21 wks

↓incidences and
multiplicities of lung

adenomas and
carcinomas

Note: restricted to
male, G1 with 50ppm

Lyc
↔aberrant crypt loci,
tumors in colon and

kidney among groups

F344/NSlc rats

2 mg/ 4 mg N-methylnitrourea
x 3 per wk (3 wks), plain water

(1), 17 ppm Lyc (2), diluted
tomato juice with 17 ppm Lyc
(3), diluted tomato juice with

3.4 ppm Lyc (4)

(3) ↓colon cancer
incidence, but not in

(2)

−5
[67]

[77]

+ +

[70]

[80]
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Compound Subject Experiment Design Outcome Reference

Hepatocellular
carcinoma (HCC)LEC

rats

Diet containing 0.005% Lyc
(1), 1% TJ-9: crude extracts of

7 herbs (2), control (3)
administered from 6 wks age

to 76 wks age

↔number, mean area
and % area GST-P-+

focal lesions (liver,
HCC);

Note: TJ-9 had higher
number of GST-P-+
lesion in HCC), AFP,
cumulative survival

rates
↓iron conc. in liver

N-methyl-N’-
nitrosoguanidine

(MNNG) and saturated
NaCl (S-NaCl) induced

Male Wistar rats

N-methyl-N’-nitrosoguanidine
(MNNG) + saturated NaCl (1),

MNNG + S-NaCl + Lyc (2),
Lyc (3), Control (4)

↓gastric carcinomas
↑GSH, GPx, GST, GR

MNNG + S-NaCl (1), MNNG +
S-NaCl + Sallylcysteine (SAC)

(2), MNNG + S-NaCl + Lyc
(3), MNNG + S-NaCl + SAC +

Lyc (4), chemoprevention
agents (5–7), Control (8)

↔GSH (stomach,
erythrocytes), GPx
(liver, erythrocytes),

GPx activities
(stomach), Bax, Bim
↑GSH (liver), GPx
(stomach), GSH
activities, GPx
activities (liver,
erythrocytes),

caspase-8
↓tumor burden, Bcl-2

Resistant hepatocyte
(RH) model of

hepatocarcinogenesis
Wistar rats

70 mg/kg BW lutein (1), Lyc
(2), Control (3)

↑liver carotenoid
conc.

↔incidence, total
number, multiplicity of
hepatocyte nodules
↓No., size, area of

GST  preneoplastic
lesions, hepatic DNA

strand breakage

Colon carcinogenesis
Sprague Dawley rat

model

Induction by azoxymethane,
followed by treatment with
diallylsulfide (1), Lyc (2),

theaflavin (3)

↓aberrant crypt foci,
preneoplastic lesion,

COX-2, iNOS

Nude mice

Supplementation 2× per wk
(12 wks), with 1, 20 mg/kg BW
Lyc, 20 mg/kg BW β-carotene;

starting wk 2, injection with
SK-Hep-1 cells via tail vein

↓MMP-2, VEGF,
tumor metastasis,

mean no. of tumors,
tumor cross-sectional
area, PCNA, MMP-9

↑nm23-H1

[81]
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[26]

+
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Compound Subject Experiment Design Outcome Reference

Hepatocarcinogenesis
in rat model

Injected with
diethylnitrosamine (DEN) and
fed with control diet or high fat
diet (HFD) with or without Lyc

or tomato extract

(HFD + Lyc) ↓no. of
GST+ hepatic foci,
PCNA, cyclin D1,

ERKs, NF-κB
↔TNF-α, IL-1β, IL-12,

CYP2E1
↑HO-1, NRF2

N-methyl-N′-
nitrosoguanidine

(MNNG) gastric cancer
rat model

Control (1), 200 mg/kg BW
MNNG + saturated NaCl (2),

200 mg/kg BW MNNG +
saturated NaCl + 50 mg/kg
BW Lyc (3) 200 mg/kg BW
MNNG + saturated NaCl +
100 mg/kg BW Lyc (4) 200

mg/kg BW MNNG + saturated
NaCl + 150 mg/kg BW Lyc (5)

↑SOD, CAT, GSH-Px,
IL-2, IL-4, IL-10, TNF-

α, IgG, IgA, IgM
↓MDA, IL-6

BCO2-knockout and
wild-type male mice

Lyc supplementation (100
mg/kg diet, 24 wks), induced

by high fat diet

(BCO2-KO) ↑hepatic
Lyc, miR-199a/b,

miR214
↓hepatocellular

carcinoma incidence,
multiplicity, ER(UPR),
Met mRNA, β-catenin,

mTORC1
(Wild type) ↓NF-κB
p65, STAT3, IL-6,
inflammatory foci

(In vitro) OV-MZ-6 cells Treatment with 2, 5 µM Lyc
↓ITGA5, pERK 1/2

↔ITGB1, tERK,
vimentin

(In vivo) Ovarian
cancer-bearing mice

Prevention Gp: Placebo (1),
Lyc (2)

Treatment Gp: Placebo (1),
Lyc (2), Lyc + Taxol (3), Taxol
+ Platin (4), Platin (5), Lyc +

Taxol + Platin (6)
Concentration of Lyc: 0.75

mg/mL

(Lyc Prevention Gp)
↓metastatic load,
Ki67, ITGA5B1,

ITGA5, ILK, ITGB1,
FAK, MMP-9, serum
and ascites CA125,

EMT markers in
metastatic tissue

(Note: MMP-9
restricted to

metastatic tissue, not
tumor tissue)

↔tumor load, serum
and ascites MMP-9
(Lyc Treatment Gp)
↓tumor load, Ki67,
ITGA5, ITGA5B1,

[72]
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[62]
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Compound Subject Experiment Design Outcome Reference
ascites CA125

↑MMP-9
↔ILK, ITGB1, FAK,
serum and ascites

MMP-9, serum CA125

Laying hens
Control (1), 200 mg/kg per kg
diet Lyc (2), 400 mg/kg per kg

diet Lyc (3)

↓incidence, no. and
size ovarian tumor,

rate of
adenocarcinoma,

MDA, NF-κB, STAT3
↑NFE2, HO-1

(In vitro) Lewis lung
carcinoma (LLC) cells

Control (1), Lyc: 10 µM (2),
Lyc: 20 µM (3), Lyc: 40 µM (4)

↑(mRNA) IFNβ, IFNγ,
IRF1, IRF7, CXCL9,

CXCL10, pJAK,
pSTAT3

↓(mRNA) DMNT3a,
methylation levels of

promoters (IRF1,
IRF7), PD-1 due to

IFNγ, pAkt
↔(mRNA) DNMT1,

DNMT3b

(In vivo) C57BL/6 mice

Control (1), Anti PD-1, 6
mg/kg (2), Lyc, 40 mg/kg (3),

Anti-PD-1 + Lyc (4);
intraperitoneal, 3 days, 4

times

↓tumor volume,
weight, IL-4, IL-10,
(mRNA) DMNT3a,

methylation levels of
promoters (IRF1,

IRF7)
↑IL-2, IFNγ,

CD4 :CD8 , %
IFNγ /CD8  T cell, %
perforin /CD8  T cell,
% granzyme B /CD8
T cell, (mRNA) IFNβ,

IFNγ, IRF1, IRF7,
CXCL9, CXCL10
↔(mRNA) IRF3,
IRF8, DNMT1,

DNMT3b

CD-1 mice in AOM-DSS
model

Normal (1), AOM+DSS control
(2), (Bifidobacterium longum)
BF + AOM + DSS (3), BF +
Lyc 20 mg/kg + AOM + DSS

(4), BF + Lyc 50 mg/kg + AOM
+ DSS (5), Lyc 20 mg/kg +

AOM + DSS (6), Lyc 50 mg/kg

↑positive rates of IGF-
1, IGF-2 (high dose),
IGF-1R, IGF2BP1,
IGFBP2 (low dose),
IGFBP3 (high dose),
lymphocyte infiltration

↓inflammation
incidence, positive

[76]
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+ +

+ +
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[79]



Anti-Cancer Activities and Selective Anticancer Activities of Lycopene | Encyclopedia.pub

https://encyclopedia.pub/entry/41145 14/32

Note: ‘↑’ indicates increment; ‘↓’ indicates decrement; ‘↔’ indicates no change.

2.3. Clinical Trials

A total of 15 articles involving the clinical trials on the anti-cancer effect of lycopene were reviewed and it was

reported that 11 out of these 15 studies reported positive outcomes and four of them reported that lycopene had no

effect upon reducing the risk of cancer. The first related cohort study came in 1995 whereby 47,894 human

subjects who were initially free of diagnosed cancer were recruited in 1986 and given validated semiquantitative

food-frequency questionnaire as a mean of dietary assessment. Follow-up questionnaires were given in 1988,

1990 and 1992 and the data collected were analyzed. Data analysis pointed out that only lycopene was found to be

able to reduce the risk of prostate cancer. Four food items which were known for their high lycopene content such

as tomatoes, tomato juices, tomato sauces and pizza were also able to reduce risk of prostate cancer. The

combined intake of these four items managed to establish an inverse association with risk of prostate cancer .

The researcher then suggested that lycopene or tomato-based food might be beneficial for prostate cancer and this

became the first evidence of anti-cancer property of lycopene among humans. A similar outcome had been

reported in another cohort study comprised of 47,365 participants who were given dietary questionnaire for dietary

assessment in 1986, 1990 and 1994. The pooled analysis showed that lycopene was able to reduce the risk of

prostate cancer but the association was considered moderate after controlling for fruits and vegetable consumption

and olive oil consumption (marker for Mediterranean diet) . In terms of plasma lycopene, a case–control study

nested within a prospective Health Professionals Follow-up Study with 450 incident prostate cancer cases reported

that higher plasma lycopene could reduce risk of prostate cancer but such association was only restricted to older

participants without family history .

In a clinical trial, 26 male patients with prostate cancer with 14 being in stage T1 and 12 being in stage T2 were

recruited to participate in a trial examining the potential of lycopene as a chemopreventive agent. Fifteen mg of

lycopene supplementation managed to reduce plasma prostate-specific antigen (PSA) and increase connexin 43, a

component of gap junction which allows intercellular communication between cells. There was no significant

change in Bcl-2 or Bax. The researchers mentioned that lycopene supplementation could possibly help in

controlling the growth of prostate cancer. However, the small sample size was also the major limitation of this

study, causing the reliability of the result to be questionable . Another randomized placebo-controlled study

shared a similar outcome whereby 30 mg of lycopene per day among 32 patients with localized prostate

adenocarcinoma significantly reduced serum PSA and leukocyte 8OHdG while increased both serum, prostate

lycopene concentration and apoptotic index of hyperplastic and neoplastic cells. These evidences pointed out that

lycopene could reduce DNA damage occurred in both leukocyte and prostate tissue but whether such reduction

could be beneficial or detrimental for cancer cells still requires further research . Decrement of PSA was also

observed in a nutritional intervention among 79 prostate cancer patients but instead of pure lycopene, lycopene

rich tomatoes were used for the study. Subjects were fed with tomato products containing 30 mg of lycopene

throughout the whole study and a significant reduction in PSA level was detected .

Meta-analysis of 11 cohort studies and 6 nested case–control studies pointed out that high tomato intake was

negatively correlated with the incidence of prostate cancer and lycopene had a modest effect in the prevention of

prostate cancer . The result from this meta-analysis was supported by another meta-analysis involving 26

Compound Subject Experiment Design Outcome Reference
+ AOM + DSS (7),

Metformin + AOM + DSS (8)
rates of IGF-2 (low

dose), IGFBP2 (high
dose), IGFBP3 (low

dose)
↔No. of tumors,

adenocarcinomas
incidence

Note: presence of
focal necrosis

Lycopene-
Enriched
Tomato

Oleoresin
(LETO)

Rat mammary tumor
model

Induced with 7, 12-dimethyl-
benz[a]anthracene (DMBA) 2
wks, followed by injection of

10mg/kg LETO (1), β-
carotene (2), control (3) twice

per wk, 16 wks

↑plasma, hepatic Lyc
↓tumors, tumor area

 

Supplementation with 250
ppm Lyc (1), 500 ppm (2), 250

ppm lycopene-rich tomato
carotenoid oleoresin (TCO)

(3), 500 ppm TCO (4), control
(5) followed by initiation with

N-methylnitrosourea (NMU) (7
days) 18 wks experimentation

↔tumor incidence,
latency, multiplicity,
volume, total tumors

per group
Note:

supplementation with
TCO ↑serum Lyc

conc. >
supplementation with

pure Lyc
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studies with 17,517 cases of prostate cancer from 563,299 participants whereby lycopene (9–21 mg/day) or

plasma lycopene (2.17–85 µg/dL) was able to reduce the risk of prostate cancer .

Apart from prostate cancer, lycopene seemed to be able to help with breast cancer, as reported in a pooled

analysis of 18 prospective cohort studies in 2012 using the interval collapsing method. In this study, lycopene was

found to have a protective effect towards ER /PR  or ER /PR  breast cancer . In a study involving 521 an

women with breast cancer, analysis of plasma using HPLC showed that there was inverse association between

serum lycopene and risk of breast cancer among premenopausal women and all ER/PR subtypes . In lung

cancer, there was a nonlinear dose-dependent association between lung cancer incidence and plasma lycopene as

reported in a meta-analysis analyzing 17 prospective studies with 3603 cases involving 458,434 participants .

The inverse association mentioned was even stronger at low plasma lycopene concentration (20 µg/100 mL) and a

weaker association above this concentration.

The first study to report non-significance results occurred in 1990. It was a nested case–control study whereby

serum was obtained from 25,802 persons in 1974 were used. Serum of 103 men who developed prostate cancer

during the subsequent 13 years was compared with the serum of 103 control subjects matched for age and race.

There was no significant association between serum lycopene and risk of prostate cancer . A similar result was

obtained in the study involving 209 prostate cancer cases with 228 control, both black and white men in the US

aged between 40 and 79 years old. Analysis of serum carotenoids revealed that lycopene had inverse association

with prostate cancer which failed to reach statistical significance. Lycopene only showed significant inverse

association particularly for aggressive disease . In terms of lycopene consumption, a cohort study with 6.3 years

of follow-up involving 58,279 men aged 55–69 years old (642 prostate cancer cases) showed that lycopene

consumption had no effect upon the risk of prostate cancer via dietary assessment using semi-quantitative food-

frequency questionnaire . A 3-month randomized, double blinded clinical trial involving 69 men with a a

favourable risk for prostate cancer who took 30 mg of lycopene per day yielded no change in IGF-1 and COX-2

levels in their prostate tissue gene expression . The main interest of this experiment was not focusing on the

chemopreventive effect of lycopene, but rather the effect of lycopene in modulating biomarkers related to cancer

and inflammation. Thus, the outcome of this research was insufficient to justify the fact that lycopene was not

effective in exhibiting anti-cancer property as pathway taken to suppress cancer cell was not only restricted to the

parameters under study (Table 3).

Table 3. Summary of clinical trials evaluating anti-cancer properties of lycopene.

[90]

- + − − [91]
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[96]

[97]

Compound Subject Experiment Design Outcome Ref

Lycopene
(Lyc)

47,894 human subjects
initially free of

diagnosed cancer

Validated semiquantitative food-
frequency questionnaire

↓risk of non-stage A1
prostate cancer

26 male patients with
prostate cancer, 14

stage T1, 12 stage T2

Control (1), 15 mg Lyc (2) ↓plasma prostate-
specific antigen (PSA)

↑connexin 43
↔Bcl-2, Bax
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Compound Subject Experiment Design Outcome Ref
Note: sample size is

relatively small

47,365 participants Dietary questionnaires

↓risk of prostate
cancer

Note: moderate
association

32 patients with
localized prostate
adenocarcinoma

Randomized placebo-controlled
study: 30 mg Lyc/day

↑serum and prostate
Lyc conc., apoptotic
index (hyperplastic

and neoplastic cells)
↓serum PSA,

leukocyte 8OHdG

58,279 men aged 55–
69 yrs: 642 prostate

cancer cases

Cohort study, 6.3 yrs follow-up, semi-
quantitative food-frequency

questionnaire

↔risk of prostate
cancer

69 men with favourable
risk prostate cancer

3-month randomized, double blinded
clinical trial: 30 mg/day Lyc (1), 3

g/day fish oil (2), placebo (3)
↔IGF-1, COX-2

11 cohort studies, 6
nested case–control

studies
Meta-analysis

OR < 1 (high tomato
intake and incidence
of prostate cancer)

Modest effect in
prevention of prostate

cancer

26 studies with 17,517
cases of prostate

cancer, from 563,299
participants

Meta-analysis

↓risk of prostate
cancer (Lyc: 9–21

mg/day; plasma Lyc:
2.17–85 µg/dL)

18 prospective cohort
studies in 2012

Pooled analysis (interval collapsing
method)

Protective effect
towards ER /PR  or

ER /PR  breast
cancer

Plasma
Lycopene

25,802 persons: 103
men with prostate

cancer, 103 men as
control

Analysis of serum
↔risk of prostate

cancer

209 prostate cancer
cases, 228 control,

Black and white men in
US (40–79 yrs old)

Analysis of serum carotenoids ↔risk of prostate
cancer, only useful

particularly for
aggressive disease
Note: insignificant

inverse association
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Note: ‘↑’ indicates increment; ‘↓’ indicates decrement; ‘↔’ indicates no change.

Results from cohort studies had been conflicting whereby reports from studies with large sample sizes inclined

towards a direction whereby lycopene was not able to reduce risk of cancer or lycopene could only have moderate

effect on cancer risk reduction . The outcome from meta-analysis of cohort and case–control studies

was positive whereby it was reported that lycopene could reduce risk of prostate cancer, lung cancer and breast

cancer, especially at low plasma lycopene concentration . High level of evidence from randomized

controlled trials suggested that lycopene could be beneficial for cancer as seen in increment in apoptotic index

among hyperplastic and neoplastic cells and suppression of PSA in prostate cancer patients . However, in

randomized controlled trials, lycopene failed to cause any significant change towards Bax protein and IGF-1, as

opposed to what had been shown in cell culture and animal studies . Such limited evidence from randomized

controlled trials could not help to deduce whether lycopene was effective in exhibiting anti-cancer activity among

human.

3. Selective Anticancer Activities of Lycopene

3.1. Carotenoids of the Same Kind with Different Fate (Lycopene and Beta-
Carotene)

Both lycopene and beta-carotene are classified under the same carotenoid family. Lycopene is an aliphatic

hydrocarbon with molecular formula C H . It is dark red in color with waxy consistency found commonly in

tomatoes. It is an open chain polyene with 13 double bonds which has the longest chain length as compared to

other carotenoids due to the linear array arrangement of its 11 conjugated carbon-carbon double bonds. Unlike

beta carotene, it does not possess any vitamin A activity due to its symmetrical planarity . Beta-carotene is also

Compound Subject Experiment Design Outcome Ref
(serum Lyc and
prostate cancer)

450 incident prostate
cancer cases

Case-control study nested within
prospective Health Professionals

Follow-up Study

↓risk of prostate
cancer

Note: restricted to
older participants,

without family history

521 women with breast
cancer

Analysis of serum using HPLC

↓risk of breast cancer
among

premenopausal
women and all ER/PR

subtypes

17 prospective studies
with 3603 cases,

458,434 participants
Meta-analysis

Nonlinear dose-
dependent (lung

cancer and plasma
Lyc)

Note: stronger inverse
association at low
plasma Lyc conc.)

Lycopene-
rich tomato

79 prostate cancer
patients

Nutritional intervention: tomato
products with 30 mg Lyc (1), tomato
products + selenium, omega-3 fatty

acids, soy isoflavones,
grape/pomegranate juice and

green/black tea (2), Control (3)

↓PSA level

[85]

[92]

[93]

[88]

[83][84][94][95][96]

[89][90][91][93]

[86][87][88]

[86][97]

40 56

[28]



Anti-Cancer Activities and Selective Anticancer Activities of Lycopene | Encyclopedia.pub

https://encyclopedia.pub/entry/41145 18/32

a member of carotenoid family which is often seen as a red and orange colored pigment. It shares the same

chemical formula with lycopene and it is the major carotenoids in human diet. It is a significant source of vitamin A

 with the highest provitamin A activity and its deficiency is highly similar to that of vitamin A deficiency, such as

blindness and xerophthalmia .

In comparison, both lycopene and beta-carotene are antioxidants, with lycopene being the best of carotenoids in

an in vitro experiment setting. However, in vitro experiment setting showed that beta-carotene could be

prooxidative, given at a high concentration and partial pressure but there was no reported evidence of lycopene

being prooxidative. Thus, beta-carotene was found to be able to contribute to smoking oxidation products while

there was no reported data for lycopene. Lycopene does not possess provitamin A activity and therefore, there was

no evidence of the conversion of lycopene to retinoids, unlike beta-carotene. One interesting point worth

mentioning is that beta carotene was often involved with a bad reputation of increasing the risk of lung cancer .

Beta-carotene first gained its bad reputation in lung cancer when several large intervention trials (ATBC, CARET)

reported that beta-carotene supplementation was correlated with adverse effects in smokers. In heavy smokers,

beta-carotene supplementation seemed to increase lung cancer incidences among them while having no protective

effects towards nonsmokers and former smokers . Two large prospective cohort studies focusing on

epidemiological data reached similar consensus whereby beta-carotene was not associated with lung cancer risk in

never smokers  while beta-carotene showed dual association within subjects whereby beta-carotene actually

increased risk of lung cancer in smokers . One research pointed out that although there was inverse risk

association of lung cancer for beta-carotene in nonsmokers, it was statistically insignificant.

A few hypotheses were proposed for the situation observed in smokers. Oxidative stress was one of them whereby

it was speculated that beta-carotene whenever present in high concentration in lungs may have the tendency to

have prooxidative activity, which eventually leads to oxidative DNA damage. This could set off the co-carcinogenic

action of beta-carotene via epigenetic mechanism which were discovered in rats whereby high doses of beta-

carotene induced several cytochrome p450 (CYP) enzymes. Beta-carotene is a well-known precursor of retinoic

acid, which is the main component behind retinoic acid signaling pathways which governs cell proliferation and

differentiation. Another hypothesis came in whereby it was proposed that in places with high oxygen concentration

such as lungs, high concentration of beta carotene could lead to oxidative cleavage or degradation products such

as apocarotenals. This could cause disruption towards retinoic acid signaling pathways which sets off the

carcinogenesis process .

The same situation surprisingly could not be applied to lycopene. For lycopene, increased intake of lycopene led to

a significant reduction of cancer risk, even in smokers  Another study revealed one interesting point whereby

smoking failed to alter the concentration of lycopene but most of the other carotenoids’ concentrations were

affected . Thus, it was deduced that the anti-cancer of lycopene would be more robust when it comes to lung

cancer prevention and may play a special role in lung cancer prevention .

3.2. Lycopene Is Selective against Lung Adenomas and Carcinomas
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The ability of lycopene in terms of anti-cancer activity could be selective as observed in an experiment using a

multiorgan carcinogenesis mice model. In this model, only male mice administered with 50 ppm of lycopene had

lower incidence and multiplicities of lung adenomas and carcinomas while having no significant change found in

tumors present in colon and kidney. Such evidence suggested that the anti-cancer activity behind lycopene could

be highly effective and selective towards tumor cells in lungs, rather than any other part of the bodies but such a

hypothesis required more research and scientific evidence. As compared to beta-carotene, which is classified

under the same carotenoids family as lycopene, lycopene seemed to be able to suppress cancerous cells in lungs

instead of increasing the incidence of lung cancer like how beta-carotene did . Observed effects on

males could indirectly provide a direction whereby lycopene may modulate testosterone levels, or more specifically,

suppress serum testosterone .With regard to the reason behind the selective ability of lycopene towards lungs,

it could be related to the role of retinoic acid in lungs and the types of epithelial cells present. Retinoic acid had

long been known to be beneficial for epithelial cells as it is essential for epithelial cell differentiation. Severe

deficiency in vitamin A was related to the formation of squamous metaplastic lesions  and retinoic acid was

found to play a major role in lung development as retinoic acid signaling influences lung specification, branching,

morphogenesis and alveolarization. Developing lungs are highly sensitive to retinoic acid levels as retinoid acid

signaling could affect mesenchymal gene expression . This could be related to the selective ability of both

lycopene and beta-carotene towards lungs as retinoic acid plays major role in lungs development and slight

change in retinoic acid could impact lungs greatly. In terms of epithelial cells, the distinct epithelial cells found in

alveoli, specifically squamous epithelial cells which become the barrier for gaseous exchange, had greater

potential for proliferation and thus, higher possibility for being cancerous as one of the most common cell origins of

lung cancers are squamous cell carcinomas . Combining these information led to a hypothesis whereby the

selective ability of lycopene towards lung cells is a combinational result of the high possibility of carcinogenesis of

squamous cells in lungs and the high sensitivity of these cells towards retinoic acid change.

One of the metabolites of lycopene, acycloretinoic acid is actually an analog of retinoic acid and it was found to be

able to activate retinoic acid receptor (RAR). However, it was considered as a weak activator of RAR as the

concentration required for activation needs to be much higher than that of all-trans retinoic acid, ATRA (the

common activator of RAR) . Researchers found that testosterone may have an effect on RAR signaling in

prostate carcinoma cells whereby testosterone could increase RAR alpha and gamma expression, which could be

attenuated by retinoic acid . The complex interaction behind lycopene, its metabolites, RAR and testosterone

may be the reason be related to selective ability of lycopene towards prostate cancer. The attenuation of RAR

expression by retinoic acid was considered abnormal as retinoic acid was known for its anti-cancer activity via

activation of RAR or RXR . Though RAR had been known for its tumor suppressive ability, such a statement

could not be applied to all cancerous cell lines as high expression of RAR was correlated with the progression of

breast cancer and colorectal cancer . Such an observation could be related to the difference in terms of the

involvement of different signaling pathways behind the pathogenesis of various cancer. One of the hypotheses

proposed would be RAR expression may be beneficial for some cancerous cells and detrimental at the same time,

depending on the nature of pathogenesis of cancer as RAR and RXR were the main receptors behind RA response

elements (RARE), which is essential for cell growth and development, regardless of whether the cell is normal or
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cancerous . The difference observed between lycopene and beta-carotene could be related to the nature of

lycopene metabolite, acycloretinoic acid being a weak activator of RAR as compared to ATRA (metabolite of beta-

carotene). In hypothesis, given the same concentration of both metabolites, ATRA would be more likely to cause

high expression of RAR, which could be beneficial for certain cancerous cells. In contrast, acycloretinoic acid would

be less likely to behave as such, leading to an average expression of RAR which could neither be beneficial nor

detrimental to cancerous cells.

A summarized diagram depicting the new insights into the molecular mechanism behind anti-cancer activity of

lycopene as discussed in this research was presented below (Figure 1).

Figure 1. New Insights into Molecular Mechanism behind Anti-cancer Activity of Lycopene.
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