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Consequently, the important role of lycopene has spurred interest 
in developing lycopene as a therapeutic agent for prostate cancer.16 
Definitive evidence to support the anticancer effect of lycopene is still 
lacking. A  comprehensive evaluation of the therapeutic efficacy of 
lycopene in prostate cancer tumor models would greatly facilitate the 
clinical translation of lycopene in prostate cancer therapy.

We aimed to evaluate the efficacy of lycopene in suppressing PC3, 
LNCaP, and DU145 prostate cancer xenografts in mice. We were 
also interested in assessing the correlation of lycopene in alleviating 
inflammation and prostate cancer progression. The data reported in 
this study could assist the further clinical investigation of the potential 
of lycopene in the clinical management of prostate cancer.

MATERIALS AND METHODS
Cell culture
Prostate cancer cells, LNCaP, PC3, and DU145 were purchased from 
the American Type Culture Collection (ATCC, Rockville, MD, USA). 
Cells were maintained in Roswell Park Memorial Institute (RPMI)-1640 
medium (Thermo Fisher Scientific, Waltham, MA, USA) supplemented 
with 10% fetal bovine serum  (FBS; Thermo Fisher Scientific) in a 
humidified incubator (37°C and 5% CO2).

Lycopene treatment
Lycopene was acquired from Wako (Osaka, Japan). Lycopene was 
dissolved in tetrahydrofuran/butylated hydroxytoluene (THF/BHT) 
solvent (Sigma-Aldrich, St. Louis, MO, USA) to a concentration of 
10 mmol l−1 as a stock solution, which was stored at −80°C until use. 
To prepare lycopene at treatment concentrations, the stock solution 
was diluted in THF/BHT solvent with FBS at a 1:9 ratio. Cells were 
seeded into 96-well plates (1000 cells per well); the lycopene solution 

INTRODUCTION
Prostate cancer is one of the leading causes of cancer-related death 
among men worldwide.1 While the survival rate of patients with 
locoregional prostate cancer is close to 100%, the prognosis of patients 
with metastatic cancers is quite dismal. Hormone therapy, radiotherapy, 
and chemotherapy are used for the treatment of advanced prostate 
cancers.2 However, chemoresistant tumors undergo recurrence, which 
results in the poor prognosis of prostate cancer patients.3 In addition, 
severe side effects resulting from these radical therapies greatly 
compromise the quality of life of prostate cancer patients.4 Therapies 
tailored for efficacious prostate cancer suppression, without significant 
side effects, are highly desired to improve the clinical management of 
prostate cancer.

Chronic inflammatory diseases and chronic infections are putative 
contributors to the development of epithelial malignancies. Recent 
study has indicated inflammation as an important precursor of prostate 
cancer.5 Because of this, a large array of new compounds targeting 
inflammation have been developed to impede cancer progression.6 
Chronic prostatic inflammation, i.e., chronic prostatitis, is considered a 
potential risk factor for prostate cancer.7,8 Dietary supplements, such as 
natural antioxidants, are emerging as an important class of anti-cancer 
drugs by targeting inflammation.9,10 Lycopene is a natural compound 
derived from plants and microorganisms. It is a carotenoid with a highly 
unsaturated hydrocarbon chain commonly used as an antioxidant.11 It 
provides protective effects against cardiovascular diseases and induces 
cell-cycle arrest and apoptosis in cancers.12,13 In prostate cancer, a 
significant reduction in lycopene levels was found to be correlated 
with the incidence of prostate cancer; in addition, the dietary intake 
of lycopene was associated with a reduced risk of prostate cancer.14,15 
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was then added to the medium, and the cells were incubated for 
various durations. In control groups, cells were incubated with 
medium supplemented with the same volumes of THF/BHT solvent.

Cell viability assay
To assess cell viability and growth, after lycopene treatment, cell counting 
kit-8  (CCK-8, Dojindo Molecular Theranostics, Minato-ku, Japan) 
solution  (10 µl) was added to the cells. After 4 h of incubation, the 
absorbance of the medium was measured at 450 nm in a microplate reader. 
The viability was calculated as follows: cell viability (%) = (OD [treated] − 
OD [0 h])/OD (0 h) × 100%, in which OD means optical density.

Annexin V/propidium iodide double‑staining assay
To evaluate the apoptosis induced by lycopene, an Annexin 
V/propidium iodide double-staining kit  (Sigma-Aldrich) was used. 
Cells were suspended in binding buffer at a density of 106 cells per ml. 
Subsequently, 5 µl of Annex V-fluorescein isothiocyanate and 5 µl 
of propidium iodide  (Sigma-Aldrich) were added. After 15  min of 
incubation in the dark at room temperature, cell apoptosis was 
measured using a FACSCalibur flow cytometer  (BD Biosciences, 
Franklin Lakes, NJ, USA). The apoptosis level of untreated cells was 
used to normalize that of the treated cells.

Animal experiments
The Balb/c male nude mice were acquired from Jackson Laboratories 
(Bar Harbor, ME, USA). Tumor injection was carried out when 
mice were under anesthesia with 3% isoflurane. Cells (1 × 105) were 
suspended in 200 µl of phosphate-buffered saline  (PBS) mixed 
with Matrigel  (mixing ratio of 2:1; BD Biosciences, Bedford, MA, 
USA). A 25G needle (BD Biosciences, Franklin Lakes) was inserted 
subcutaneously into a site in the foreleg. Lycopene (0, 1, 5, or 10 mg 
kg−1) was administered via gavage once per day for 7  days. Tumor 
size was then monitored with a caliper, and the survival data of mice 
were monitored for up to 180 days. This study was carried out in strict 
accordance with the recommendations in the guide for the care and use 
of laboratory animals of the National Institutes of Health. The protocol 
was approved by the Committee on the Ethics of Animal Experiments 
of the Fourth Hospital of Hebei Medical University  (Shijiazhuang, 
China).

Flow cytometry
Flow cytometry was used to quantify T-cell subsets, including Tc1, Th1, 
Tc17, and Th17 cells. The protein expression of CD3+CD8+IFN-γ+, 
CD3+CD4+IFN-γ+, CD3+CD8+IL17+, CD3+CD8−IL17+, and 
CD4+CD25+Foxp3+ was used to identify Tc1, Th1, Th17, Tc17, and Treg 
cells, respectively. Anti-CD3-PE-Cy5, anti-CD4-FITC, anti-CD8-FITC, 
anti-IL17-PE-Cy7, anti-CD25-APC, and anti-Foxp3-PE were 
acquired from Thermo Fisher Scientific. Anti-CD56  (LS-C5374, 
LifeSpan BioSciences, Seattle, WA, USA), anti-CD15  (ORB181771, 
Biorbyt, San Francisco, CA, USA), anti-CD16  (ORB231476, 
Biorbyt), anti-F4/80  (126310, United States Biological, Salem, 
MA, USA) were also used for flow cytometry analysis of natural 
killer  (NK), macrophage, and neutrophil immunity cells. The 
washing, fixation, and permeabilization of cells were performed 
according to the manufacturer’s recommendations. Flow cytometry 
was performed using a FACSCalibur instrument  (BD Biosciences, 
Franklin Lakes).

Statistical analyses
Data are presented as the mean ± standard deviation (s.d.). At least, 
three independent experiments were performed for each result. 
One- or two-way ANOVA, followed by Tukey’s post hoc test, was used 

to assess the significance of differences, and P < 0.05 was considered 
statistically significant.

RESULTS

Prostate cancer cells were inhibited by lycopene in vitro
We first examined whether the anti-cancer effect of lycopene was 
dose-dependent. The viability of LNCaP, PC3, and DU145 cells was 
monitored for 72 h following treatment at 0–5 µmol l−1 (Figure 1a). In 
all three cell lines, lycopene treatment led to a decrease in cell viability, 
as opposed to the increase in cell viability without treatment (THF/BHT 
solvent only). The inhibition of cell viability by lycopene occurred in 
a dose- and time-dependent manner. At 1 µmol l−1 and 5 µmol l−1, the 
differences between the treated and nontreated groups at 24 h, 48 h, 
and 72 h were significant (all P < 0.01). LNCaP demonstrated the most 
marked inhibition of viability  (~50%) in the presence of lycopene. 
In line with the decrease in viability, we also found that cells treated 
with 1 µmol l−1 and 5 µmol l−1 exhibited the most dramatic increase 
in apoptotic rates (Figure 1b).

We also evaluated the toxicity of lycopene in a normal prostate 
cell line, PrEC, and demonstrated that no observable toxicity was 
documented at 0–5 µmol l−1 lycopene  (Supplementary Figure  1). 
Our results supported our hypothesis that lycopene inhibited 
the viability of prostate cancer cells by inducing apoptosis, as 
evidenced by the increasing caspase-3 levels measured by PCR 
(Supplementary Methods) under treatment with higher lycopene 
concentrations  (Supplementary Figure  2). Taken together, these 
data corroborated the anti-cancer effect of lycopene in prostate cancer 
cells and spurred our interest in understanding the mechanism of this 
anti-cancer effect and evaluating the suppressive effects of lycopene in 
prostate cancer in vivo.

Lycopene lowered the expression of inflammatory factors in prostate 
cancer cells
Given the close relationship between inflammation and prostate 
cancer progression, we investigated how lycopene affects the 
level of inflammatory factors in prostate cancer cells. To this 
end, normal prostate epithelial cells, as well as LNCaP, PC3 and 
DU145 cells, were treated with lycopene, followed by evaluation 
of the expression of interleukin-1  (IL1), IL6, IL8, and tumor 
necrosis factor-α  (TNF-α). Our data showed that while prostate 
cancer cells demonstrated significant upregulation  (P  <  0.01) of 
all these inflammatory factors, lycopene treatment attenuated this 
upregulation (P < 0.01; Figure 2). In addition, we also characterized 
IL10 and transforming growth factor-beta (TGF-β) expression by 
prostate cancer cells after lycopene treatment. IL10 and TGF-β 
secreted by tumor cells are known to enable immune evasion.17,18 In 
prostate cancer cells, IL10 and TGF-β levels were markedly reduced 
by lycopene at 0.5, 1, and 5 µmol l−1 (P < 0.01), and this reduction 
occurred in a dose-dependent manner (Supplementary Figure 3). 
In normal prostate cells, PrEC, IL10, and TGF-β expression did 
not show observable changes. Therefore, lycopene decreased 
IL10 and TGF-β in tumor cells, and this impaired production of 
anti-inflammatory cytokines by tumor cells may have a positive 
impact on tumor immunity.

Lycopene improved the survival of mice bearing prostate cancer 
xenografts
We proceeded to investigate the correlation of lycopene treatment 
and the survival of prostate cancer-bearing mice. The Kaplan–Meier 
plot indicated that a marked improvement of survival was induced 
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by lycopene treatment and that higher lycopene doses induced better 
survival in all three prostate tumor models (Figure 3).

Lycopene reduced prostate tumor growth in vivo
The LNCaP, PC3, and DU145 tumors were harvested and compared 
in terms of tumor size. All three tumors demonstrated a decreasing 
tumor volume with higher doses, with the most prominent tumor 
reduction and dose-dependence seen in LNCaP tumors  (over  50% 
tumor volume reduction; Figure  4). At 1  mg kg−1, 5  mg kg−1, and 
10 mg kg−1, the decrease in tumor volume was significant in all tumor 
models (P < 0.01). Consistent with what we observed in the in vitro 
experiments, serum inflammatory factors, including IL1, IL6, IL8, and 
TNF-α, were reduced after lycopene treatment in tumor-bearing mice 
in a dose-dependent manner (Figure 5).

To further clarify the immunoregulatory role of lycopene in 
prostate cancer, Ki67, a proliferation marker, was measured in tumor 
tissue harvested from both the treatment and control groups. To our 
surprise, no significant difference was observed in Ki67 levels in tumors 
with or without treatment  (P  =  0.462; Supplementary Figure  4). 
Furthermore, lycopene had no significant effect on the level of necrosis 
of prostatic carcinoma in vivo, as revealed by Annexin V/FITC assays 
of the tumors (P = 0.271; Supplementary Figure 5).

To elucidate the involvement of the immune regulatory role 
of lycopene in tumor suppression, lycopene treatment was also 
performed in immune-competent mice bearing TRAMPC2 tumors, 
followed by an analysis of immune cell accumulation in tumors. Here, 
we showed that tumor inflammatory cells, including Tc1, Th1, Tc17 
and Th17 cells, were increased while tumor Tregs were reduced by 
lycopene (P < 0.01; Figure 6). Further evaluation of CD56+CD16+ (NK 
immunity cell marker), F4/80+ (macrophage immunity cell marker) and 
CD15+CD16+ (neutrophil immunity cell marker) cells demonstrated 
that lycopene promoted immune cell accumulation in tumors, thus 
activating tumor immune attack (P < 0.01; Supplementary Figure 6). 
Taken together, these data indicate that lycopene can effectively reduce 
tumor growth by exerting an immune regulatory role to prolong the 
survival of tumor-bearing mice.

Figure 2: The changes of inflammatory cells with the treatment of lycopene. 
Expressions of (a) IL1, (b) IL6, (c) IL8, and (d) TNF‑α proteins from media 
culturing three prostatic carcinoma cancer cells (LNCaP, PC3, and DU145 cells), 
treated with or without lycopene by ELISA, were compared with normal prostatic 
epithelial cells PrEC in the absence of lycopene. *P < 0.01. ELISA: enzyme‑linked 
immunosorbent assay; IL1: interleukin‑1; TNF‑α: tumor necrosis factor‑α.
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Figure 1: Lycopene dose/time‑dependent suppressed the viability and increased 
the apoptosis capacity of prostatic carcinoma cancer cell lines (LNCaP, PC3, and 
DU145 cells). (a) Prostatic carcinoma cell lines were placed on 96‑well plates 
(1000 cells per well) and incubated with fresh medium containing 0, 0.1, 0.5, 
1, or 5 µmol l−1 lycopene for 0, 24, 48 and 72 h. Viability of individual treated 
cell lines and non‑treated cell lines were detected by CCK‑8 kit. Absorbance was 
measured at 450 nm and the cell viability was represented as: cell viability (%) 
= (OD [treated] − OD [0 h])/OD (0 h) × 100%. (b) Lycopene induces prostatic 
carcinoma cancer cell apoptosis. Annexin V/propidium iodide double‑staining 
assay was performed to detect the apoptosis levels of lycopene‑treated or 
not prostatic carcinoma cell lines at the indicated concentrations for 72 h. 
Relative expression values represent mean and standard deviation from three 
independent experiments. The apoptosis levels of untreated cells were used 
to normalize those of the treated cells and the data were represented in 
percentages. *P < 0.01, groups treated with lycopene versus control (0 µmol 
l‑1). OD: optical density; CCK‑8: cell counting kit‑8.
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Figure 3: Lycopene potently prolonged the survival time of prostatic carcinoma 
mice model in vivo. There prostatic carcinoma cell lines ([a] LNCaP, [b] PC3, 
and [c] DU145 cells) were injected with 1 × 105 cells into the left foreleg 
in mice. Then the model mice were treated with different concentration (0, 
1, 5, or 10 mg kg−1) of lycopene by gavage once per day for 7 days and the 
survival was monitored to up to 180 days. The survival time was calculated 
after each mouse was dead suffering sick, moribund and skinny (n = 10). 
P < 0.001, groups treated with lycopene versus control (0 mg kg‑1).
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DISCUSSION
Natural compounds with anticancer capacities have increasingly 
become attractive therapeutics to improve the efficacy of cancer 
suppression and the general health of affected patients. Because of its 
high prevalence, lifetime risk, and relatively slow rate of progression, 
prostate cancer is an ideal candidate disease for chemoprevention. 
Pharmacologic or nutritional interventions, which could potentially 
result in a substantial reduction in the incidence of clinically detectable 
disease, can considerably increase the survival of prostate cancer 
patients. Lycopene is the predominant carotenoid in tomatoes, 
watermelons, and grapefruits. A  reduced level of plasma lycopene 
is a characteristic of prostate cancer.19 Indeed, lycopene has shown 
a plethora of potential beneficial effects on human health, including 
anti-inflammation, anti-oxidation, and immunomodulation effects. 
Lycopene serves as a dietary antioxidant that offers protection against 
free radicals. This property of lycopene confers preventative and 
protective effects in cardiovascular tissues.20 Here, we performed a 
comprehensive evaluation of the therapeutic effect of lycopene on 
PC3, LNCaP, and DU145 tumor models, showing that lycopene 
potently inhibited tumor progression and improved mouse survival. 
LNCaP tumors demonstrated the most striking difference in tumor 
volume after lycopene treatment. Consistent with what is observed 
in breast cancers12 and LNCaP tumors,21 lycopene dose-dependently 
induced cell apoptosis in all prostate cancer cells investigated in this 
study. This result is in accordance with previous findings that lycopene 
is a potent inhibitor of human cancer cell proliferation.22 Notably, 
the highest therapeutic efficacy was found in androgen-dependent 
LNCaP tumors.23 This result is unsurprisingly considering that LNCaP 

possesses lower proliferation and metastatic abilities.24 Despite this, 
PC3 and DU145 tumors, which are androgen-independent tumors, 
are also subject to significant suppression by lycopene. In vivo, the 
decreases in tumor volume in PC3 and DU145 tumor models were 
relatively smaller. However, the dramatic improvement in the survival 
of PC3 and DU145 tumor-bearing mice could be due to induced 
necrosis in these two tumors. Taken together, lycopene itself has the 
potential to suppress prostate cancer progression and could be used to 
supplement existing therapeutic regimens without severe side effects.

Further, we demonstrate that the anticancer effect of lycopene is 
linked to its role in suppressing inflammatory responses. We analyzed 
the changes in IL1, IL6, IL8, and TNF-α levels in response to lycopene 
treatment. It has been shown that prostate cancer coincides with 
elevated inflammation, while lycopene normalizes the levels of these 
inflammation levels. This observation is consistent with previous 
evidence that lycopene alleviates inflammation to induce ameliorating 
effects in a large array of diseases.25–27 Lycopene is also shown to be able 
to inhibit metastasis of human liver adenoma via its anti-inflammatory 
effects.28 This is evidenced by the fact that pro-inflammatory cytokines 
are crucial for the activation of the innate and adaptive immune responses 
to control tumor progression.29 The inflammation-induced response 
of Treg cells, including Th2 cells, was associated with tumor immune 
evasion in mice studies.30 Here, SCID mice were used, as they have no T 
cell-mediated immunity. However, the expression levels of CD56+CD16+ 
(NK immunity cell marker), F4/80+ (macrophage immunity cell marker), 
and CD15+CD16+ (neutrophil immunity cell marker) were analyzed 
from tumor tissues with or without lycopene treatment in vivo and in vitro. 
These markers were upregulated after lycopene treatment. For further 
validation, we performed lycopene treatment in an immune competent 
mouse model (C57BL/6) inoculated with TRAMPC2 cells.

Immune cells, including Tc1, Th1, TC17, and Th17  cells, were 
upregulated (P < 0.01), and the accumulation of Tregs in the tumor 
microenvironment decreased  (P  <  0.01). This evidence further 
validates the immunoregulatory role of lycopene. Hence, lycopene 
treatment represents one of the anti-inflammatory strategies for 
cancer therapy, which has been increasingly investigated in recent 
years. Radiotherapy is associated with inflammation that compromises 
anticancer efficacy.31,32 The anti-inflammatory effects of lycopene may 
also explain recent findings on the radioprotective property of lycopene 

Figure 4: Lycopene potently inhibited LNCaPp prostatic carcinoma growth 
in vivo. (a) Tumor sizes were detected in LNCaP prostatic carcinoma mice 
model with the treatment of different concentration (0, 1, 5, and 10 mg kg−1) 
of lycopene by gavage for 1 week while all the mice were still survival but 
sick. Tumor sizes were determined in the three (b) LNCaP, (c) PC3, and 
(d) DU145 tumors. Values are mean and standard deviation from at least 
three independent experiments in duplicate. *P < 0.01, groups treated with 
lycopene versus control (0 mg kg‑1).
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Figure 5: The changes of inflammatory factors with the treatment of lycopene 
in vivo. Three prostatic carcinoma cell lines (LNCaP, PC3 and DU145 cells) 
were injected with 1 × 105 cells into the left foreleg in mice. Then the model 
mice were treated with different concentration (0, 1, 5, or 10 mg kg−1) of 
lycopene by gavage per day for 1 week. Expression of protein of (a) IL1, 
(b) IL6, (c) IL8 and (d) TNF‑α from serum of mice implanted with three 
prostatic carcinoma cancer cells treated with lycopene by ELISA compared 
with normal non‑treated mice. *P < 0.05, **P < 0.01. ELISA: enzyme‑linked 
immunosorbent assay; IL1: interleukin‑1; TNF‑α: tumor necrosis factor‑α.
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in cancer.33 Here, we did not explore the precise molecular mechanism 
of its action. It is possible that this anticancer effect stems from the 
regulation of the nuclear factor-kappa B (NF-κB) pathway by lycopene, 
as implicated in the previous study.34 Lycopene may also regulate the 
level of cyclin D, which is a key protein in maintaining a normal cell 
cycle, to induce the cell cycle arrest of prostate cancer cells.35 Further 
investigation on the link between the anti-inflammatory effect of 
lycopene and cancer suppression is warranted to better elucidate the 
mechanism of lycopene in cancer.

In sum, we evaluated the therapeutic potential of lycopene in three 
prostate cancer models, LNCaP, PC3, and DU145, and demonstrated 
that lycopene efficiently suppressed all these tumors in a dose- and 
time-dependent manner. Lycopene downregulated IL1, IL6, IL8, and 
TNF-α levels, and its modulation of inflammation contributed to tumor 
suppression. We believe that lycopene has potential as a new dietary 
agent for the treatment of prostate cancer. It may induce more potent 
anti-inflammatory effects than other carotenoids, such as phytofluene 
and β-carotene, because of its superior antioxidative activity.36 When 
used alone or in combination with conventional treatment for prostate 
cancer, lycopene could improve the clinical management of the disease.
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Supplementary Figure 2: The changes of Caspase‑3 with the treatment of 
lycopene in vivo. Expression of mRNA of Caspase‑3 from three prostatic 
carcinoma cancer cells treated with or without lycopene was tested by 
PCR (**P < 0.01). PCR: polymerase chain reaction.

Supplementary Figure 1: The toxicity test of lycopene to PrEC cell lines. 
0.5 × 104 PrEC cells were placed in 96‑well plates and incubated with fresh 
medium containing 0, 0.1, 0.5, 1, or 5 µmol l−1 lycopene for 48 h. Growth 
curves of individual lycopene ‑treated and nontreated prostatic carcinoma 
cells were detected at least three independent experiments in triplicate by 
CCK‑8 kit. CCK‑8: cell counting kit‑8.

SUPPLEMENTARY METHODS

Apoptosis determination by quantitative reverse transcriptase polymerase chain reaction
To verify the increases in apoptosis in prostate cancer cells induced by lycopene treatment, we performed qRT-PCR analysis of caspase-3, a 
putative apoptosis marker, in the three prostate cancer cell lines treated with 0-5 µM lycopene.



Supplementary Figure 3: The changes of IL‑10 and TGF beta levels with the treatment of lycopene in vitro. Expression of protein of IL‑10 and TGF beta from 
media culturing three prostatic carcinoma cancer cells and normal prostatic epithelial cells PrEC treated with Lycopene by ELISA compared with non‑treated 
cells (**P < 0.01). ELISA: enzyme‑linked immunosorbent assay; IL1: interleukin‑1; TNF: tumor necrosis factor.



Supplementary Figure 4: The changes of Ki67 expression with the treatment 
of lycopene in vivo. Three prostatic carcinoma cell lines were injected with 
1 × 105 cells into the left foreleg in mice. Then the model mice were treated 
with different concentration (0, 1, 5, or 10 mg kg−1) of lycopene by gavage 
per day for 1 week. Expression of protein of Ki67 from mice treated with 
lycopene by real‑time PCR compared with non‑treatment mice (P = 0.462). 
PCR: polymerase chain reaction.

Supplementary Figure 5: Lycopene had no significant effect on necrosis level of 
prostatic carcinoma cancer in vivo. Three prostatic carcinoma cell lines were 
injected with 1 × 105 cells into the left foreleg in mice. Then the model mice 
were treated with different concentration (0, 1, 5, or 10 mg kg−1) of Lycopene 
by gavage per day for 1 week. The tissues were dissociated into single cells. 
Necrosis levels of mice treated with lycopene by Annexin V/propidium iodide 
double‑staining assay compared with non‑treatment mice. Graphs represent 
mean ± standard deviation from three independent experiments (P = 0.271).



Supplementary Figure 6: Lycopene induced the activity of immunity system of prostatic carcinoma in vivo and vitro. Three prostatic carcinoma cell lines were 
injected with 1 × 105 cells into the left foreleg in mice. Then the model mice were treated with different concentration (0, 1, 5, 10 mg kg−1) of Lycopene 
by gavage once per day for 1 week. Expressions of proteins of CD56+CD16+ (NK immunity cell marker), F4/80+ (macrophage immunity cell marker) and 
CD15+CD16+ (neutrophil immunity cell marker) in tumor from mice with or without Lycopene treatment were tested by flow cytometry (**P < 0.01).




