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Abstract

Lycopene, a carotenoid mainly found in tomatoes (Solanum 

lycopersicum), is generally identified for its effective 

antioxidant properties and its strongest role in preventing 

and managing the disease, specifically prostate cancer. As a 

tetraterpene, lycopene is particularly useful at neutralizing 

free radicals, decreasing oxidative stress a essential element 

in cancer development Lycopene is typically present in the 

trans – isomer form in plants, however it converts to the 

more bioactive cis form in the human body. Prostate cancer 

is a serious health issue for the men worldwide, which often 

do not show symptoms in early stages, which complicates 

timely diagnosis. Lycopene’s therapeutic result on prostate 

cancer has been noted in different studies, where it 

effectually hinder cancer cell proliferation, promotes 

apoptosis and decreases migration of cancer cell and 

invasion. Investigation shows that lycopene can increase the 

results of traditional treatments, like docetaxel 

chemotherapy, and enhance patient’s quality life by 

relieving symptoms like urinary discomfort and bone pain. 

This analysis emphasizes lycopene’s biochemical properties, 

its synthesis and its mechanism of action opposed to prostate 

cancer cells, featuring its promising role as a dietary and 

medicinal supplement in prostate cancer management. 

CREB3L4 regulates androgen receptor activity and may 

contribute prostate cancer proliferation through an AR-ER 

stress-CREB3L4 signaling pathways. 
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Introduction 

Lycopene 

Lycopene is a pigment which was first identified by the French botanist Alexis Millardet in 1876 inside tomato fruit and was 

later named by chemist C.A.Schunk. This is classified as a tetraterpene means consists of eight isoprene units and its molecular 

formula IS C40H64. Lycopene exists in two forms the trans- form which is present in plants and the cis form which is found in 

human blood. Lycopene is insoluble in water but it is soluble in various organic solvents like chloroform, hexane, acetone, 

benzene, methylene chloride and petroleum ether. Lycopene is a carotenoid nutraceutical and also known for its role in 

boosting defences against cancer, hypertension, cardiovascular conditions, hypertension as well as the inflammatory and 

neurodegenerative diseases. It primarily exists as the trans- isomers and is found in varying amounts in tomatoes, and also 

includes other sources such as watermelons, pink guava, apricots red bell peppers, grapefruits, red carrots and papayas. The 

lycopene concentration in tomatoes varies from 0.88 to 7.74 mg per 100gms affected by the tomato species and its stage of 

ripeness. When subjected to heat, lycopene can undergo cis isomerization which improves it bioactivities. The levels of 

lycopene mixture are determined by the various factors such as body weight, age, gastrointestinal health, lifestyle choices and 

food consumption. Bulky molecules like pectins can block up the absorption of lycopene, whereas fat build up. Therefore, 

dietary supplements containing oil-based lycopene might be more effectual than obtaining it from food sources. Lycopene does 

not reveal pro –vitamin A activity, still it carry 11 conjugated double bonds which result in satisfying rate constant with single 

oxygen that is dual that of beta-carotene. This leads to its defensive function against reactions that can activate carcinogenesis. 

our study provided considerable confirmation for the anti-cancer effects of lycopene in prostate cancer cell lines. Particularly, 

lycopene shows a double effect on a oxidative processes. While it has antioxidant properties, it may also determine a pro-

oxidative effect during oncogenesis that helps in the removal of abnormal of abnormal cells. In vitro research has shown that 

lycopene exhibits anti-neoplastic properties by disturbing cancer cell migration, invasion, blood vessel formation and 

microenvironment regulation, while also encouraging apoptosis [1]. 
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Biosynthesis of lycopene in tomato 

The biosynthesis of lycopene in plants cells has been 

explained through the carotenoid synthesis metabolic 

pathway in the model organism Arabidopsis thaliana 

established in 1980.The initial step in the carotenoid 

biosynthesis pathway involves the conversion of the 20 –

carbon geranyl geranyl pyrophosphate into the symmetrical 

40-carbon molecule phytoene. Phytoene later go through 

four desaturation reactions, resulting in the formation of 

phytofluence, which is then converted into zeta-carotene, 

continued by neurosporene and eventually leads to the 

production of lycopene. Cyclization reactions takes place at 

the both ends of the lycopene molecule that leads to the 

formation of β-carotene, which then act as a precursor for 

the synthesis of xanthophylls, the oxygenated carotenoids. 

As a result, lycopene serves a precursor for both β-carotene 

and lutein. As carotenoids share a common pathway of 

synthesis of carotenoids, tomatoes may also contain trace 

amount of other carotenoids. 

Lycopene is produced in the chromoplasts of the fruits cells, 

with the highest concentrations usually found in the pericarp 

cells near to the epidermis, compared to inner tissues of 

tomato. In tomatoes, dull ripening occurs between 40 to 60 

days after planting, during which chloroplast change to 

chromoplast upon synthesis of lycopene. 

 

Prostate 

The prostate gland, a part of the male reproductive system, 

is located underneath the bladder and anterior of the rectum. 

It encloses the upper portion of the urethra, the tube 

responsible for transporting the urine from the bladder to 

penis. Behind the prostate the seminal vesicles are present, 

which is responsible to produce the fluid that forms part of 

semen. Anatomically, the prostate consists of two lobes on 

each side of central groove [2]. 

 

Prostate cancer 

Prostate cancer arises from the cells of prostate gland. While 

numerous cell types are present in the prostate, almost all 

cases of prostate are classified as a adenocarcinoma, which 

arises from the glandular cells. Other forms of prostate 

cancer are extremely not common [3]. 

Generally, prostate cancer cells grow slowly and many 

people experience few or no symptoms until the disease has 

developed completely. Most of men diagnosed with prostate 

cancer eventually surrendered to unrelated health issues and 

many people remain unconcerned of their condition. Still, if 

prostate cancer begins to grow quickly or metastasizes over 

the prostate, it can become fully serious. 

 

Epideomology 

Incidence 

The incidence of prostate cancer shows outstanding 

geographical and populational- based differences [4]. In 

2018, a total of 1,276,106 new prostate cancer cases was 

recorded globally, registered for 7.1% of all male cancers [5]. 

The global distribution of prostate cancer incidence rates is 

highly unbalanced. Oceania had the top most age 

standardized rate (ASR) at 79.1 per 100,000 people 

followed by North America at 73.7 and Europe at 62.1 [4]. In 

comparison,the rates in Africa and Asia were much lower 

at26.6 and 11.5 respectively. The difference in incidence 

was prominent, with a 190-fold difference observed between 

the population with the highest rate(Guadeloupe, France, at 

189.1) and the lowest rate (Bhutan at 1.0). The probability 

of developing prostate cancer increases considerably with 

age [9]. Although the diagnosis rate is comparably low about 

1 in 350 men under 50 years old. The rate increases notably 

to 1 in 52 for those aged 50 to 59. Besides, 60% of men over 

is age of 65 are affected by the disease [6]. The reasons 

behind these differences in prostate cancer incidence across 

countries remain confusing. Still, the global difference in 

diagnosis rates may be related to the prevalence of PSA 

testing [7]. 

 

Mortality 

Globally mortality rates for prostate cancer shoe remarkable 

dissimilarity across different regions [9]. in 2018, Central 

America reported the highest mortality rate at 10.7 per 

100,000 people, followed closely by Australia and New 

Zealand at 10.2 and the Western Europe at 10.2.(9) on the 

other hand, Asian countries showed the lowest rates, with 

South-Central Asia at 3.3, Eastern Asia at 4.7 and South 

Eastern Asia at 5.4 along with the Northern Africa at 5.8(9). 

Particularly, one third of all prostate cancer- related deaths 

occurred in Asia (33.09%, totaling 118,427) while, Europe 

accounted for 29.9% (107,314 deaths). Besides, the 

mortality rate associated with prostate cancer increases with 

age, with about 55% of all deaths occurring in individuals 

over 65 years old [9]. 

 

Prevelance 

In a research 2950 men were involved aged 62 to 91, from 

this 449 individuals(15.2%) was diagonesed with prostate 

cancer, with 67 of these cases having a Gleason score of 7 or 

more, indicating a high aggressive form of the disease. The 

prevalance of prostate cancer changed by PSA levels 6.6% 

in men with a PSA of 0.5 ng/ml or lesser, 10.1 percent for 

levels between 0.6 to 1.0ng/ml, 17.0 percent for PSA levels 

between 1.1 to 2.0 ng/ml, 23.9% for those between 2.1 and 

3.0 ng/ml, and 26.9% for PSA levels between 3.1 and 4.0 

ng/ml. In addition, the proportion of high- grades cancers 

increased from 12.5% among men with a PSA of 0.5 ng/ml 

or decreased to 25.0% in those with PSA levels between 3.1 

and 4.0 ng/ml [8]. 

 

Prostate cancer as a global health issue 

Prostate cancer is classified as the second most common 

cancer diagnosed widely and a fifth leading cause of cancer- 

connected deaths among men. In 2020 it was accounted for 

approximately 1,414,000 new cases and 375,304 deaths. It is 

the most frequently diagnosed cancer in112 countries and 

primary cause of deaths in 48 countries [9]. The increasing 

load of prostate cancer is anticipated to rise because of 

certain like population aging and economic evolution [10]. 

The worldwide statistics for prostate cancer tell a notably 

rise in the number of cases, deaths and disability –adjusted 

life years (DALYS) from 1990-2019. The total occurrence 

of prostate cancer increase suddenly by 169.11%, increasing 

from almost 524,110 cases in1990 to around 1.41 million in 

2019. Deaths attributed to the disease also showed a 

significant rise of 108.94% from 233,000 to 486,840 at the 

same time. Besides, the number of DALYS related with 

prostate cancer increased by 98.25%, rising from 4.36 

million to 8.64 million. 

In terms of rates, the age –standardized incidence 

rate(ASIR) for prostate cancer experienced a sudden 

increase, with an approximated annual percentage 
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change(EAPC) of 0.26(95% confidence interval:0.14,0.37), 

rising from 34.13 per 100,000 in 1990 to 38.63 per 100,000 

in 1990 to 3863 per 100,000 in 2019. Inversely, both the age 

-standardized mortality rate (ASMR) and the age-

standardized death rate (ASCR) decreases. The ASMR 

decreased at an EAPC OF -0.75(95%Cl:-0.78,-0.67), 

declining from 18.13 per 100,000 in 1990 to 15.28 per 

100,000 in 2019. Likewise, the ASDR fall, with an EAPC of 

-0.71(95% Cl:-0.78,-0.63), from 186.30 per 100,000 in 1990 

to 244.07 per 100,000 in 2019. 

 

Risk factors of prostate cancer 

Prostate cancer risk factors can be classified into two groups 

such as modifiable factors and non modifiable factors. Non 

modifiable factors involve ethnicity, age and family history. 

In modifiable factors involve lifestyle choices such as diet, 

physical activity levels and obesity, smoking habits which 

will be affected by the individual behaviors [18]. 

 

Treatment and management 

A healthy diet, especially which is rich in vegetables and 

fruits, is advantageous for overall health. These foods are 

rich in fiber, flavonoids, vitamin C and carotenoids [11]. 

Research signify the dietary choices can lead to a reduce in 

both in the incidence as well as mortality rates related with 

prostate cancer. The consuming of fruits and vegetable may 

help in weaken or even prevent the development of this 

cancer. Numerous plants contain a anticancer compounds 

such as isothiocyanates, isoflavones, dithiolthiones, 

carotenoids, and vitamin E. Although various studies have 

researched the link between diet and prostate cancer, the 

findings have been unpredictable [12]. Vegetarians appear to 

have a low risk of developing prostate cancer as it offers 

vitamin A and E [13]. Besides, many prostate tumors show 

sensitivity to harmones, with the presence of the 

dihydrotestosterone receptor can affect how these tumors 

respond to androgen deprivation therapy [14]. Involving in the 

physical activity along with the dietary supplements and 

specific dietary factors, it also may contribute in the of 

prostate cancer. For example selenium and vitamin E which 

reduce the risk of developing the disease [15]. Surgical 

treatment aims to excise the prostate, seminal vesicles and 

ampullae of the vasa deferentia with the goal of achieving 

tumor-free margins are obtained. Still, this goal is not 

achieved in more than 25% of cases. Radial prostatectomy is 

a procedure which is carried out, but complications such as 

erectile dysfunction and bladder control problems, affecting 

up to 20% of patients [16]. Finasteride helps to prevent 

prostate cancer and reduce the risk of death associated with 

disease. 

A. Localized disease (Stages 1 and 2) 

1. Surgery: Radial prostatectomy involves the 

removal of the prostate, surrounding tissue and 

some lymph nodes. Risk factors of surgery: Age > 

75 years, life expectancy<10 years. 

2. Radiation therapy: 

 

B. Locally advanced disease (stage 3) 

1. Surgery: Possible intervention. 

2. Radiation: It includes external beam or 

brachytherapy frequently paired with hormonal 

therapy. 

3. Hormonal blockade: Immediate hormonal 

blockade may enhance quality of life. 

C. Metastatic disease (stage4) 

1. Hormone –sensitive disease: It is a hormone 

therapy to lower testosterone, like orchiectomy. 

2. Hormone –refractory disease: Chemotherapy is 

needed with docetaxel plus prednisone(first line) or 

mitoxantrone plus steroids. 

 

D. Increasing PSA after radiation or prosectomy 

1. Risk assessment: Increase level in PSA indicates 

treatment failure, with high –risk factors including 

seminal vesicle involvement. 

2. Local control: Post- surgery radiation provides 

local control but this does not provide survival 

benefit but cause more complications. After 

radiation, salvage surgery is occasionally carried 

out if it has high complications rates, with most 

patients receiving medical therapy instead. 

 

Lycopene and prostate cancer 

Lycopene’s role in cancer treatment has been primarily 

investigated in prostate cancer. Where majority of studies 

exhibit positive outcome. Research shows that lycopene 

improves treatment effects in cases of locally advanced 

prostate cancer and decreases prostate cancer-specific 

mortality in men with a dangerous risk of spreading the 

disease [21, 28]. Lycopene has been found to slow the 

development of recurrence of prostate cancer, despite of the 

hormone sensitivity of the tumors [24, 19]. It has also increased 

the efficacy of docetaxel chemotherapy in patients with 

advanced castrate-resistant prostate cancer and helps to 

maintain the benefits of orchidectomy in the patients who 

are suffering with advanced metastatic prostate cancer [29, 30, 

25]. Besides, lycopene provide an improved quality of life by 

relieving bone pain and by controlling lower urinary tract 

symptoms. In some studies it indicates that lycopene do not 

provide advantages in treating patients with early-stage 

prostate cancer, specially those with biochemically relapsed 

prostate cancer nor in those with advanced hormone-

refractory prostate cancer. However, other three studies 

reported beneficial effects of lycopene in the treatment of 

last group [27]. Animal studies observed lycopene’s 

therapeutic effects on prostate cancer noted positive results, 

which showed reductions in tumor volume and weight, 

decrease prostate cancer-specific mortality, increased 

apoptosis and prolonged cancer free- survival. One study 

found that combining lycopene with the docetaxel 

significant increase in the therapeutic effect, resulted in 98% 

increase in apoptotic cells compared to docetaxel alone [17]. 

In addition co-supplementation with vitamin E enhanced 

treatment outcomes, with advantages observed especially 

when both supplements were used together [20, 22, 23, 26, 31]. 

 

Creb3l4 protein 

CREB3L4 protein (cAMP responsive element binding 

protein 3 like 4), also known as AlbZIP, Tisp40 or ATCE1, 

is a transcription factor embedded in the endoplasmic 

reticulum membrane that includes a bZIP domain [7]. 

CREB3L4 is specially present in high amounts in the 

prostate, with elevated levels seen in cancerous compared to 

non cancerous prostate cells [10, 11]. In specific, it is highly 

expressed in high –grade prostatic intraepithelial 

neoplasia(PIN) and towards all grades of adenocarcinomas, 

making it a dormant biomarker for differentiating between 

the benign and malignant prostate cancer [12]. Despite 
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androgen is known to control CREB3L4 expression, its 

particular role in the progression and development of 

prostate cancer is not fully understood. In this analysis the 

function of CREB3L4 affects androgen receptor activity, 

suggesting a link between them and it is possible that AR –

ER stress and CREB3L4 signaling axis both may a role in 

promoting cell proliferation of prostate cancer. 

 

Conclusion 

The estimation of lycopene extracted from the tomato 

(solanum lycopersicum) on the human prostate cancer PC3 

cell line emphasizes its potential as a promising 

nutraceutical agent in the treatment and management of 

prostate cancer. As a carotenoid with strong antioxidant 

properties, lycopene not only helps to balance out free 

radicals but also reveals important anti cancer activities by 

preventing cancer cell migration, invasion and angiogenesis 

while facilitating apoptosis. The complex balance between 

its antioxidant and possible pro-oxidative effects throughout 

oncogenesis site lycopene as a unique compound in cancer 

therapy. 

The biosynthesis of lycopene in tomatoes is well understood 

metabolic pathway, with the pigment accelerating its 

chromoplasts in fruits. Diet intake of lycopene-rich foods, 

specially tomatoes, has helped in decreasing the risk of 

developing prostate cancer, enhancing the importance of 

dietary choices in cancer prevention. Additionally, the 

geographical inequality in prostate cancer incidence and 

mortality rates suggest that lifestyle and dietary factors, 

including lycopene intake, play a important role in cancer 

outcome. 

In spite of some conflicting proof regarding its effectiveness 

in specific stages of prostate cancer, most of the studies 

support the concept that a lycopene can increase treatment 

result, specially in locally advanced cases and in 

combination such as docetaxel. however, animal studies 

suggest that lycopene can decrease tumor burden and 

improve survival rates, supporting the need for further 

clinical investigations. Lycopene holds important promise as 

complementary approach in the treatment of prostate cancer. 

Continuous research is essential to explain its mechanisms 

of action, improve its application in clinical settings and 

discover its long-term effects on patient results, highlighting 

its role as a part of a complete approach in management of 

prostate cancer. It focuses on the potential role of CREB3L4 

in regulating androgen receptor activity within LNCaP 

prostate cancer cells, indicating a possible signaling axis 

involving AR and ER stress that may increase cell 

proliferation. Besides considering lycopene’s reported anti 

cancer properties, further investigation into its effects on 

CREB3L4 and AR signaling could give valuable insights 

into the therapeutic strategies for prostate cancer, specially 

in reducing the proliferation of androgen –dependent cancer 

cells.  
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