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Abstract

Beta-carotene is an important natural pigment that is very beneficial to human
health. It is widely found in vegetables and fruits. The three main functions are
antioxidant effects, cell gap junction-related functions and immune-related
functions. Because of its diverse functions, beta-carotene is believed to prevent
and treat many chronic diseases. Gastric cancer is one of the most important
diseases it can treat. Gastric cancer is a type of cancer with a high incidence. Its
etiology varies, and the pathogenesis is complex. Gastric cancer seriously affects
human health. The role of beta-carotene, a natural nutrient, in gastric cancer has
been explored by many researchers, including molecular mechanisms and
epidemiological studies. Molecular studies have mainly focused on oxidative
stress, cell cycle, signal transduction pathways and immune-related mechanisms
of beta-carotene in gastric cancer. Many epidemiological surveys and cohort
studies of patients with gastric cancer have been conducted, and the results of
these epidemiological studies vary due to the use of different research methods
and analysis of different regions. This paper will summarize the results of these
studies, mainly in terms of molecular mechanisms and epidemiological research
results, which will provide a systematic basis for future studies of the treatment
and prognosis of gastric cancer. This paper will help researchers identify new
research directions.

Key Words: Beta-carotene; Gastric cancer; Nutrient; Tumor; Stomach; Epidemiology
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Core Tip: Beta-carotene is believed to prevent and treat many chronic diseases. Gastric
cancer is one of the most important diseases it can treat. A few studies in the literature
database describe the pathophysiology, therapy and clinical trials for gastric cancer and
beta-carotene. However, this review summarizes the latest studies on the specific effect
of beta-carotene on gastric cancer. It includes molecular mechanisms and clinical trials.

Citation: Chen QH, Wu BK, Pan D, Sang LX, Chang B. Beta-carotene and its protective effect
on gastric cancer. World J Clin Cases 2021; 9(23): 6591-6607

URL: https://www.wjgnet.com/2307-8960/full/v9/i23/6591.htm

DOI: https://dx.doi.org/10.12998/wjcc.v9.i23.6591

INTRODUCTION

Overview of beta-carotene

Carotenoids are a group of important natural yellow, orange-red or red pigments
commonly found in animals, higher plants, fungi and algae[1]. The consumption of
carotenoid-rich foods of animal and plant origin has been associated with numerous
health benefits. However, carotenoids cannot be synthesized in the human body, and
they must be consumed through the diet[2]. Approximately 750 carotenoids, except E
(trans) and Z (cis) isomers, have been isolated from natural sources[3]. Among these
various carotenoids, beta-carotene is a major category. As the most nutritionally active
compound, beta-carotene is particularly attractive for the food industry[4]. In addition,
many of the properties and functions of beta-carotene have been certified to be
beneficial to human health.

Beta-carotene, a carotene that does not contain an O atom[1], is an orange-red and
fat-soluble natural pigment that is mainly found in plants. It is enzymatically cleaved
in the intestinal mucosa by beta-carotene 15,15-monooxygenase at the central double
bond, forming two molecules of vitamin A (retinol)[5]. Beta-carotene is also called
provitamin A. As the main precursor of vitamin A, beta-carotene is widely distributed
in orange and yellow fruits and green leafy vegetables, including carrots, pumpkins
and mangoes[6]. Beta-carotene is a type of (C40H56) carotene in which both ends of
the molecule are cycled into rings. The most prominent structural feature is that the
center is a long system of double bonds and single bonds. The molecule has 11
conjugated double bonds, two of which are located on the ring[1]. The chemical
structure of beta-carotene is shown in Figure 1. The structure of conjugated double
bonds with a center of symmetry makes beta-carotene highly hydrophobic[7]. This
conjugated double-bond system constitutes the light-absorbing chromophore that
gives carotenoids color and their special properties and functions[1,8].

Beta-carotene can be dispersed into a lipid phase. Oil-in-water emulsions serve as a
delivery system that produces a physically stable beta-carotene dispersion[9]. It is
easily oxidized when exposed to air, light and high temperature. Beta-carotene is a
common and stable natural pigment that exists in nature, with low water solubility, a
high melting point and low oral bioavailability.

THE EXTRACTION AND SYNTHESIS OF BETA-CAROTENE

Four main sources of beta-carotene have been identified: extraction from natural
resources, chemical synthesis, biosynthesis and genetic engineering methods. In the
natural extraction of beta-carotene from natural plants or algae, physical extraction
methods mainly include organic solvent extraction[10], ultrasonic wave extraction[11]
and supercritical fluid extraction (SFE)[12]; another method is enzymatic extraction.
The other three synthesis methods will be described in detail in the following sections.
Sometimes, researchers try to combine two or more methods to obtain higher beta-
carotene production. In addition, some special and innovative methods to synthesize
beta-carotene have been developed, such as air-assisted, low-density solvent-based
liquid-liquid microextraction, solidified floating organic droplets and centrifugal
partition extraction[13,14]. The extraction and synthesis process of beta-carotene is
shown in Figure 2.
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Figure 1 The chemical structure of beta-carotene.

{ The extraction and synthesis of beta-carotene

\

Genetic engineering

Natural extraction Chemical synthesis Biotechonological
synthesis

method

Organic solvents Constructing polyene I—| Red yeast Regulate genes

I
|

chains

Ultrasonic wave Trichospora

Supercritical fluid Dunaliella salina

extraction

Spirulina, £. coli,

Enzymatic

extraction microalgae and so on

Figure 2 The extraction and synthesis of beta-carotene. E. coli: Escherichia coli.

The natural extraction of beta-carotene

Extraction with organic solvents: Solvent extraction usually requires multiple
extraction steps to achieve the desired level of carotenoid recovery, and thus this
method takes considerable time. Then, the pretreatment of materials is necessary,
which can increase extraction efficiency. Pretreatment includes mechanical methods
such as grinding, ball milling, ultrasonication and high-pressure homogenization and
nonmechanical methods such as enzymatic or chemical hydrolysis and osmotic shock
[15,16]. The most commonly used extractants are acetone and anhydrous ether. The
type of extraction solvent and its volume, pH of the sample solution, extraction time
and type of salt and its concentration are all main factors that influence the extraction
efficiency[17].

Extraction by ultrasonic wave: Ultrasound-assisted extraction has been widely used to
extract nutritional material. Compared with traditional solvent extraction, this method
can achieve a higher extraction rate by decreasing the processing time, reducing the
cost of extraction, preventing thermal damage and enhancing food quality[18].
Ultrasound-assisted extraction is performed with a probe ultrasonic processor. It
extracts the active components into the solvent through ultrasonic vibration and
cavitation[19]. Several studies have indicated that many factors, including the particle
size, solvent, solid/solvent ratio, temperature, extraction time, liquid height and duty
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cycle of ultrasound exposure exert significant effects on the extraction yield of beta-
carotene[17,18]. We should set different conditions according to different materials to
modify the extraction.

SFE: SFE increases the efficiency of carotenoid extraction compared with conventional
solvent extraction. With a high diffusion coefficient and low viscosity, supercritical
“CO2” quickly penetrates the pores of the extracellular matrix, thus reducing the time
required for extraction[12,20]. In addition, SFE is considered a green process because
of its potential for carbon dioxide recovery and the elimination of harmful organic
solvents[20]. Many factors affect the extraction rate and efficiency, including the
extraction pressure, extraction time, flow rate and temperature[21]. The extraction
temperature acts as a threshold value beyond which the extraction yields will
decrease. The threshold temperature of thermal-sensitive beta-carotene in SFE is 70 °C;
once the temperature exceeds 70 °C, beta-carotene will decrease and isomerize[20].

Enzymatic extraction: Some studies have reported a method to extract more beta-
carotene by enzymatic extraction. This method is mainly used to increase the beta-
carotene content in juice drinks. Pectolytic and cellulolytic enzymes significantly
increase juice recovery. The combination of pectolytic and cellulolytic enzymes as a
pretreatment also increases the beta-carotene content of carrot juice by 1.6 times[16]. In
a previous study, carotenoid extraction yields increased to greater than 96% using
noncommercial enzymes in a sequential and selective two-stage extraction method.
Therefore enzymatic extraction is potentially useful to extract carotenoids in industrial
practices[22]. Marigold flowers are the most important source of carotenoids in the
food industry, and some researchers have tried a new method, simultaneous
enzymatic treatment and solvent extraction, to extract carotenoids. The recovery yield
reached 97%[23]. Moreover, after juice extraction, byproducts such as cashews, apples
and bagasse are still sources of carotenoids. The use of pectinolytic and cellulolytic
enzyme complexes to dispose of waste obtains more carotenoids, with an overall
increase of 79% compared with the group treated without the enzyme complex[24].
Therefore, the enzymatic extraction method is easy and efficient but requires the right
amount of enzyme.

Chemical synthesis method

Chemical synthesis is a method of synthesizing beta-carotene from organic chemical
materials through chemical reactions. This method was developed in the 1950s and has
been a major source of carotenoid pigments for many years[25]. We can obtain beta-
carotene by constructing polyene chains, which involve Wittig reactions or Grignard
compounds.

The Wittig reaction forms C=C bonds in organic synthesis and is widely used to
synthesize medicine and complex organic compounds. The Wittig reaction of
carotenoids involves the combination of two phosphonium salt molecules containing
15 carbon atoms and a dialdehyde molecule containing 10 carbon atoms. Then, the
products will be isomerized to form symmetrical compounds with 40 carbon atoms,
such as beta-carotene. The synthesis process is designed as C15 + C10 + C15[26].

With the help of the Grignard compound, a diketone molecule with two methanol
molecules can produce a compound containing 40 carbon atoms[27].

Biotechnological synthesis method

Biotechnology is an important method to obtain carotene. This method produces
carotene through microbial fermentation, which is better than chemical synthesis in
terms of quality, technology, resources and cost. A few studies have focused on red
yeast and filamentous fungi (Blakeslea trispora) as materials to synthesize beta-carotene.

Red yeast is a saprophyte with strong resistance. The advantages of using red yeast
to produce beta-carotene are its low cost, short cycle and convenient fermentation
control. The insertion of functional genes such as crtYB and crtE into the oleaginous
red yeast, Rhodotorula glutinis, genome could further improve the beta-carotene
production[28]. According to one study, the oleaginous red yeast Sporidiobolus
pararoseus strain KM281507 is a good potential source of natural carotenoid
production, while the percent of beta-carotene production relative to total carotenoids
increased[29].

Trichospora is a fungus that grows rapidly. It is commonly used as a raw material to
synthesize beta-carotene in biotechnological processes. Researchers have also extracted
beta-carotene using the conventional reference extraction methods mentioned above.
In addition, the extraction efficiency is affected by many factors, such as the extraction
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time, shaking speed, size of grinding beads and fixed angle of shelves. Therefore,
researchers have developed a new method, high-throughput extraction, to increase the
extraction efficiency and yield[30]. In the process of generating beta-carotene from
Blakeslea trispora, the yield was determined by culture conditions such as the concen-
tration of carbon source and particularly the pH. The highest production of beta-
carotene was obtained when the pH was 7, and the production was also affected by
linoleic acid-kerosene and linoleic acid-antioxidant interactions as well as the negative
quadratic effects of these variables[31]. The biosynthesis of beta-carotene from Blakeslea
trispora was significantly promoted by ultrasonic treatment. After ultrasonic
simulation, the beta-carotene yield increased by 40.7% in the study by Wang et al[32].

Dunaliella salina (D. salina) is a monocytic eukaryote that lives in NaCl water. D.
salinais has high carotenoid contents of up to 10%-14% dry weight, and thus it is an
ideal raw material for the extraction of beta-carotene[33,34]. As the product of
photosynthesis in D. salina, beta-carotene is affected by the salinity, temperature, light
irradiation conditions and phosphorus sources in the growing environment. A
biocompatible method for the extraction of beta-carotene from D. salina was
developed, and high extraction yields were achieved using centrifugal partition
extraction. The solvent choice, flow rate, rotational speed and extraction mode are
significant factors influencing the extraction process[34]. Several researchers
developed a blue-red LED wavelength-shifting system (B-R system) combined with an
adaptive laboratory evolution blue light-adapted D. salina (ALE-D. salina). Beta-
carotene production increased by approximately 19.7% with this system[35].

In addition, some studies have used other microorganisms such as Spirulina[36],
Escherichia coli[37] and microalgae[38]. Many new methods have been developed to
obtain more beta-carotene from these raw materials. The application of biotechno-
logical methods requires the assistance of physical extraction as well.

Genetic engineering method

With the rapid development of transgenic technology, the production of carotenoids
by genetically engineered bacteria has become a focus of research. The production of
beta-carotene is increased by regulating the expression of lycopene cyclization enzyme
(CrtY) and blocking the pentose phosphate pathway[39,40]. Moreover, the yield of
beta-carotene has also been improved by transforming beta-carotene biosynthesis
genes (crtl, crtE, crtYB and tHMGI) into the Rhodotorula glutinis (an oleaginous red
yeast) genome[28]. Another study combined classical forward and modern reverse
genetic techniques to more precisely regulate carotenoid synthesis. The repressor crgA
and mutations in genes involved in the newly identified regulatory mechanism
resulted in the accumulation of high levels of beta-carotene[41].

Nanoparticles and nanodispersions of beta-carotene

Nanodispersions have particle sizes in the nanometer range and are more physically
stable than traditional dispersions containing micron-sized particles; thus,
nanoparticles and nanodispersions have received increasing attention. Beta-carotene
nanoparticles exhibit bioactivity beyond their high hydrophobicity limit in aqueous
media[7]. Protein-stable beta-carotene nanodispersions have been prepared with
solvent displacement techniques. Solvent displacement remains as an attractive
technique to prepare nanodispersions due to its simplicity and low-energy input[42].
The beta-carotene particle size and distribution are determined by the type of protein,
molecular weight and structural flexibility. The nanoencapsulation of carotenoids can
be used in the food industry to broaden the application of these pigments. Yellow
passion fruit albedo flour is a possible substitute in the production of carotenoid
nanodispersions in various food matrices[43].

FUNCTIONS OF BETA-CAROTENE

The functions of beta-carotene are roughly divided into the following aspects:
Antioxidant function, facilitating gap-junction intercellular communication and anti-
inflammatory effect and immune-related function. Antioxidant is short for antioxidant
free radicals, which is a chemical substance (atom, molecule or ion) that contains one
or more unpaired electrons in its outer orbital and usually exhibits significant
reactivity[44]. Beta-carotene shows its antioxidant activity by neutralizing reactive
oxygen species. Gap junctions are plasma membrane domains containing an array of
intercellular channels that are formed by the docking of two connexons, and they are
responsible for the direct intercellular transfer of ions and small molecules[45]. In
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some studies, it has been found that beta-carotene has a regulatory effect on the
expression of connexin. Beta-carotene is an antioxidant that can also activate the
immune system and promote immune responses by activating spleen cells and
macrophages[46]. Moreover, beta-carotene is the most abundant dietary precursor of
vitamin A, an essential nutrient sustaining normal embryonic development in
mammals[47].

The antioxidant effect of beta-carotene

Beta-carotene is a natural compound with significant antioxidant activity[8]. The
antioxidant activity of beta-carotene is related to the neutralization of reactive oxygen
species, including free radicals, inhibiting their propagation and participation in
peroxidative processes. When beta-carotene is present as nanoparticles, its biological
activity in aqueous media is substantially improved[7]. The main antioxidant effects
include reducing oxidative stress and oxidative damage to DNA.

The use of molecular oxygen by aerobic organisms results in the formation of many
oxygen-containing active substances, collectively known as reactive oxygen species
(ROS). ROS play an important role in the physiology and pathophysiology of aerobic
processes[48]. Carotenoids are effective antioxidants that reduce oxidative stress[49].
As shown in a previous study, beta-carotene exerts its antioxidant effect by scavenging
ROS, inhibiting the expression of NADPH oxidase subunits and increasing the
expression/activity of antioxidant enzymes[50]. A large number of lipid peroxidation
and free radical reactions occurs in organisms that damage nucleic acids, proteins, the
cell membrane and cells, resulting in a decrease in cell function, aging of the body and
the occurrence of disease. The presence of beta-carotene reduces lipid peroxidation as
a radical-scavenging antioxidant[51]. Some studies indicated weak antioxidant activity
of beta-carotene, but it showed pro-oxidant activity at higher concentrations. In a
study on keratinocytes that produced ROS and glutathione after exposure to beta-
carotene and ultraviolet-visible spectroscopy/near infrared, researchers administered
beta-carotene to cells using nanocrystals without additional solvents. Low concen-
trations of beta-carotene protect against oxidative stress. However, the higher the
concentrations of beta-carotene, the less effective the molecule[52]. Another study
suggested that beta-carotene functions as a potential antioxidant in mouse oocytes.
Part of the mechanism is that beta-carotene reduces ROS formation and cell apoptosis
and restores actin expression, cortical granule-free domain formation, the homo-
geneous distribution of mitochondria and nuclear maturation[53].

On the other hand, the antioxidant effect of beta-carotene is related to oxidative
damage to DNA. Carotenoids are capable of exerting two overlapping but distinct
effects: antioxidant protection by scavenging DNA-damaging free radicals and
modulation of DNA repair mechanisms. An inverse association of carotenoid (partic-
ularly beta-carotene) consumption with lipid and oxidative stress biomarkers and
DNA damage has been observed[54]. The intake of antioxidants such as beta-carotene
from the diet is proposed to exert beneficial health effects, but the potential effect of
taking extra antioxidants as supplements is controversial. For example, beta-carotene
can reduce and enhance the DNA damage caused by genotoxic agents such as
catechol. The extent of catechol-induced DNA damage determines whether beta
carotene is beneficial or harmful when used as a dietary supplement[55].

Beta-carotene influences gap junctional intercellular communication

Gap junctions are membrane channels found in all cells of the human body that are
essential to cellular physiology. They allow the cytoplasm of adjacent cells to
communicate and regulate metabolic responses by exchanging small molecules[56].
Gap junctional intercellular communication (GJIC), a form of cell-to-cell commu-
nication, also plays an important physiological role[57]. Beta-carotene exerts protective
effects on the H,0,-induced inhibition of GJIC in WB-F344 rat liver epithelial cells. In
this study, researchers found that beta-carotene restored connexin 43 (Cx43) mRNA
expression and prevented the phosphorylation of the Cx43 protein[58]. In a study of
beta-carotene and adrenocorticotropic hormone-secreting pituitary adenoma cells,
beta-carotene negatively modulated the malignant phenotype of AtT-20 cells. The
mechanism underlying this process involves intercellular communication and the
expression of Cx43, Skp2 and p27 (kip1)[59]. Another study using a human lung
cancer cell line (A549) indicated that oxidized beta-carotene (obtained by heating beta-
carotene at 60 °C in open air for 1 h) inhibited GJIC. A high dose of beta-carotene also
inhibited GJIC, which may be attributed to the effect of oxidized beta-carotene[60]. In
summary, many studies have shown that beta-carotene affects cancer cells by
modulating Cx43 expression.
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Immune-related function of beta-carotene

Beta-carotene is an important antioxidant that quenches singlet oxygen, inhibits lipid
peroxidation and activates the immune system. Many studies have been performed to
explore the immune-related function of beta-carotene. In a study on the effective
component of Cucurbita moschata Duch, beta-carotene promoted immune responses by
activating splenocytes and macrophages. Beta-carotene may exert an immune-
enhancing effect through the activation of nuclear factor kappa-B (NF-«xB) pathways
and activation of immune cells that produce Thl cytokines[46]. M2 macrophages and
activated fibroblasts may modulate the behavior of cancer cells in the tumor microen-
vironment. Beta-carotene exerts potential therapeutic effects on colorectal cancer by
inhibiting M2 macrophage polarization and fibroblast activation[61]. In animal
experiments, supplementation of weaned mice with beta-carotene enhanced mucosal
immunoglobulin A production in the jejunum or ileum, and the effects were mainly
due to the retinoic acid (RA)-mediated immune response[62]. Beta-carotene fun-
ctionally increases Mmp-9 mRNA levels in murine RAW264.7 (a murine macrophage
cell line) macrophages in a concentration- and time-dependent manner, thus
enhancing macrophage phagocytosis[63]. Other studies on the relationship between
beta-carotene and immunity showed that low-dose supplementation with beta-
carotene does not enhance cell-mediated immunity in healthy free-living elderly
humans[64]. However, this study was conducted many years ago and has low
reference value. A randomized controlled trial showed that dietary supplementation
with beta-carotene has no effect on the antioxidant status and immune responses in
allergic adults[65].

GASTRIC CANCER

Gastric cancer is a malignant tumor derived from the gastric mucosal epithelium and
the second leading cause of cancer-related mortality and the fourth most common
cancer globally[66,67]. Gastric cancer is a common disease that threatens human
health. The incidence of gastric cancer varies in different regions and is related to
various risk factors[66]. Some environmental and genetic factors are involved in the
development of gastric cancer, and 52 risk factors for gastric cancer have been
identified[68]. Helicobacter pylori (H. pylori), a bacterial carcinogen, infection is the
strongest risk factor for the development of gastric cancer[69]. Common risk factors
include older age, male sex, tobacco smoking, radiation and family history. Race also
influences the incidence of gastric cancer[70]. A first-degree relative diagnosed with
gastric cancer is an important risk factor for gastric cancer, and some unclear
pathogenic mechanisms underlie this familial aggregation[71]. Atrophic gastritis and
intestinal metaplasia are significant risk factors for gastric cancer as well[72].

Gastric cancer is divided into early and advanced gastric cancer according to the
depth of tumor invasion. In the pathological classification, the Lauren type is the most
widely used type in clinical practice and trials now. According to the histologic
features, gastric cancers can be divided into three types: Intestinal, diffuse and mixed
[73]. Paris classification was proposed by a workshop in Paris in 2002, and it was based
on the Japanese classification. The Paris classification is related to the definition of the
subtypes used in endoscopy and the evaluation of the depth of invasion into the
submucosa. Type 1-4 is used to describe advanced cancers of the digestive tract
mucosa. If the endoscopic appearance is superficial lesions, it is called type 0. Type 0 is
divided into three categories: protruding (0-I), nonprotruding and nonexcavated (0-II)
and excavated (0-1I). Type 0-II lesions are then subdivided into slightly elevated (Ila),
flat (IIb) or depressed (Ilc)[74]. Gastric cancer results from the accumulation of genetic
changes in oncogenes and tumor suppressor genes, which leads to the imbalance of
multiple signaling pathways and disrupts the balance between the cell cycle, cell
proliferation and death[75]. Dysregulation of developmental pathways such as Wnt/ -
catenin signaling, Hedgehog signaling, the Hippo pathway, Notch signaling, NF-kB
and epidermal growth factor receptor may be related to gastric cancer[76]. However,
some detailed mechanisms have not yet been extensively studied.

Gastric cancer is a common malignant tumor of the digestive system, and surgery is
the only way to cure it. The surgery of advanced gastric cancer should include D2
lymphadenectomy. Patients with advanced gastric cancer are mainly treated by
surgery in combination with intraperitoneal chemotherapy and hyperthermic
perfusion therapy so that we can improve the effect of surgical treatment[77]. The
endoscopic treatments of endoscopic mucosal resection and endoscopic submucosal
dissection have been widely used for the treatment of early gastric cancers with only
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little risk of lymph node metastasis[78]. Neoadjuvant chemotherapy, radiotherapy and
molecular targeted therapy have become effective methods to improve the prognosis
of patients with gastric cancer[79]. In addition, the targeted therapies of gastric cancer
include trastuzumab (HER2-positive patient’s first line), ramucirumab (anti-
angiogenic second line) and nivolumab or pembrolizumab (anti-programmed cell
death protein 1 third line)[80].

Gastritis refers to inflammation of the gastric mucosa, which currently affects more
than half of people worldwide[81]. It is divided into acute gastritis and chronic
gastritis in accordance to the condition and time of the onset. Gastritis is caused by
many factors, including infection, stress, injury, certain medications and immune
system diseases. The etiologies of different types of gastritis are different. Acute
gastritis is caused by infections. Metaplastic atrophic gastritis with an autoimmune
origin and H. pylori-induced inflammation are the two important forms of chronic
gastritis[82]. Chronic gastritis is the reaction of process of gastric mucosa to various
injuries, including epithelial injury, mucosal inflammation and epithelial regeneration.
The common cause is infection, particularly H. pylori infection. H. pylori infection is a
major risk factor for gastroduodenal ulcers, gastric cancer and other types of gastric
and extragastric diseases[83]. H. pylori can survive for decades in harsh gastric
conditions, disrupt the gastric mucosa and change the pattern of hormone release. It
uses a variety of virulence factors and targets different cellular proteins to regulate the
inflammatory response of the host, launching multiple “hits” on the gastric mucosa,
leading to chronic gastritis and peptic ulcer[84].

THE MECHANISM BY WHICH OF BETA-CAROTENE MODULATES
GASTRIC CANCER

As an important dietary nutrient, beta-carotene exerts large effects on many diseases.
Next, we will discuss every specific mechanism of beta-carotene against gastric cancer,
including the functions of beta-carotene itself and different aspects of the mechanism
of gastric cancer. The review will elaborate on two aspects: cell experiments and
human studies.

In vitro experiments

Several years ago, some researchers conducted in vitro experiments using beta-
carotene and gastric cancer cells, which indicated that beta-carotene fights gastric
cancer cells mainly through apoptosis, cell signal transduction and oxidative stress.

Beta-carotene and the cell cycle: Ku proteins are DNA binding regulatory subunits of
DNA-dependent protein kinases composed of Ku70 (70 kDa) and Ku80 (80 kDa). The
reduction in Ku70/80 levels is related to the apoptosis of human gastric adenocar-
cinoma AGS cells. One of the studies proved that beta-carotene decreased the levels of
Ku70/80 through an increase in ROS levels and caspase-3 activity in AGS gastric
cancer cells. Therefore, ROS-mediated Ku protein loss may be a potential mechanism
of beta-carotene-induced apoptosis of AGS gastric cancer cells[85]. As a sensor for
DNA-damaging agents, ataxia-telangiectasia-mutated activates many effectors in
different signaling pathways, such as DNA repair and apoptosis. Beta-carotene
induces the apoptosis of AGS cells by increasing the level of the apoptotic protein p53
and decreasing levels of the antiapoptotic protein Bcl-2 and nuclear ataxia-
telangiectasia-mutated. Nuclear ataxia-telangiectasia-mutated loss may be another
potential mechanism of beta carotene induced apoptosis in gastric cancer cells[86].

Beta-carotene is converted into vitamin A in animals, which is also called
provitamin A. Vitamin A (retinol) will be transformed into RA in cells. All-trans RA
(ATRA) is one of the isomers of RA and is also involved in the apoptosis of gastric
cancer cells. Some in vitro studies showed that ATRA blocked the cell cycle and
enhanced apoptosis in gastric cancer cell lines[87]. Studies of the human gastric cancer
cell lines MKN-45 and MKN-28 have explored the ability of RA or folic acid to induce
gastric cancer cell apoptosis and DNA fragmentation[88]. RA induces growth
inhibition and apoptosis and regulates the cell cycle in gastric cancer cell lines. ATRA
inhibits the growth of gastric cancer cell lines by inducing G0/G1 arrest, which is
associated with the downregulation of c-myc and hyperphosphorylated Rb levels and
upregulation of p21WAF1/CIP1 and p53 expression[89,90]. This part is about different
mechanisms of apoptosis in AGS cells of gastric cancer. Figure 3 is the schematic
diagram of the apoptotic mechanism.
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Figure 3 Beta-carotene can induce the apoptosis of gastric cancer AGS cells by different pathways. Beta-carotene can decrease the levels of
Ku70/80 mediated with increased reactive oxygen species levels and caspase-3 activity in gastric cancer AGS cells, thus making the AGS cells apoptose. By
increasing the level of p53 and decreasing the level of Bcl-2, the nuclear ataxia-telangiectasia-mutated decreases and cell apoptosis occurs. Beta-carotene can also
turn into all-trans retinoic acid in gastric cancer AGS cells, then c-myc decreases and p53 increases. This process will block the cell cycle G0/G1, and apoptosis
occurs. ROS: Reactive oxygen species; ATM: Ataxia-telangiectasia-mutated; RA: Retinoic acid; ATRA: All-trans retinoic acid.
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The effect of beta-carotene on oxidative stress: In cell experiments, beta-carotene
acted on the oxidative stress mechanism of gastric cancer. ROS protect infected tissues
from pathogens by inducing the innate immune response. Interleukin-8 mediates
inflammatory responses by recruiting neutrophils expressing oxidant-sensitive
transcription factors to gastric epithelial cells. Beta-carotene improves the treatment of
oxidative stress-mediated gastric inflammation. Beta-carotene reduces interleukin-8
production by inhibiting lipid peroxidation and oxidant-mediated activation of NF-xB.
It also exerts inhibitory effects on intracellular ROS levels in AGS cells[91]. Under
acidic conditions, stomach polyunsaturated fatty acids, O, and dietary iron are mixed
to create conditions that promote further lipid peroxidation. Carotenoids inhibit the
propagation phase of lipid peroxidation by directly scavenging lipid peroxyl radicals
[92].

Beta-carotene shows anticancer activity by reducing NADPH oxidase-mediated
ROS production and decreasing NF-xB activation[93]. H. pylori infection can lead to
superficial gastritis, atrophic gastritis and finally gastric cancer. Many carotene-rich
medical plants inhibit H. pylori-induced inflammatory activity, and the mechanisms
are related to the suppression of NF-xB and mitogen-activated protein kinase pathway
activation and inhibition of oxidative stress[94]. In H. pylori-infected tissues, infiltrated
inflammatory cells produce ROS that cause gastric inflammation. Beta-carotene
inhibits ROS-mediated inflammatory signals and reduces the expression of inflam-
matory mediators, including interleukin-8, inducible nitric oxide synthase and
cyclooxygenase-2, in infected tissues[95].

Beta-carotene and signaling pathways: A central common signaling mechanism in
cancer is proline-directed phosphorylation, which is regulated by the unique proline
isomerase Pinl. Pinl inhibition results in anticancer activity by blocking multiple
cancer-driving pathways, such as the PI3K/AKT and Wnt/p-catenin signaling
pathways. ATRA is an inhibitor of Pinl, and inhibition results in inactivation of the
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PI3K/AKT and Wnt signaling pathways and suppression of tumor growth in gastric
cancer[96]. H. pylori induces the hyperproliferation of gastric epithelial cells. Beta-
carotene inhibits this process by suppressing B-catenin signaling and oncogene
expression. Beta-carotene-rich foods may prevent the development of gastric disorders
related to H. pylori infection[97]. The Notch signaling pathway is important for gastric
epithelial homeostasis and maintains a balance between cell proliferation and
apoptosis. Therefore, the Notch signaling pathway may play an important role in the
development of various malignant tumors[98]. It regulates several cellular processes,
including cell proliferation, migration, invasion, apoptosis and angiogenesis as well as
the epithelial-mesenchymal transition[99]. The epithelial-mesenchymal transition is
involved in the initiation of tumorigenesis. In the study mentioned above, researchers
found that tobacco smoke-induced gastric epithelial-mesenchymal transition was
associated with the Notch pathway, but beta-carotene effectively attenuated this
process in the mouse stomach[100]. Beta-carotene can prevent the occurrence of gastric
cancer through these mechanisms, which are summarized in Figure 4.

Human epidemiological studies

In the past few years, researchers in different countries have conducted epidemi-
ological studies on the relationship between carotene supplementation and gastric
cancer, but some differences in the results of these studies have been noted. In this
section, we summarize the results of these studies.

In 2018, South Korean researchers published a case-control study about dietary
carotenoid intake and the risk of gastric cancer. Their findings confirmed that higher
dietary lycopene intake might be inversely associated with the risk of gastric cancer. In
the subgroups stratified by gender, H. pylori-positive subjects and participants who
had ever smoked, the association was still significant[101]. Some researchers studied
dietary factors associated with the most frequent cancer sites from the European
Prospective Investigation into Cancer and Nutrition. One of the findings showed that
gastric cancer risk was inversely related to high plasma vitamin C levels, some
carotenoids, retinol and a-tocopherol, high intake of cereal fiber and strong adhesion
to a Mediterranean diet[102].

In a follow-up study of the Linxian general population nutrition intervention trial,
researchers wanted to determine the effects of “factor D,” a combination of 50 pg of
selenium, 30 mg of vitamin E and 15 mg of beta-carotene. The cumulative gastric
cancer-related mortality of participants receiving factor D treatment decreased from
4.28% to 3.84%, which was lower than participants who did not receive factor D
treatment. The beneficial effects of selenium, vitamin E and beta-carotene on mortality
were still evident 10 years after the supplement was discontinued, particularly among
young adults[103].

Some researchers performed a large nested case-control study on the effects of
carotenoids, retinols and tocopherols on gastric cancer in Japanese patients with H.
pylori infection. The plasma level of beta-carotene was inversely associated with the
risk of gastric cancer[104]. In a prospective cohort study of Swedish adults, intake of
vitamin A, retinol and the provitamin A carotenoids alpha-carotene and beta-carotene
was inversely associated with the risk of gastric cancer. Participants who consumed
the largest amounts of these nutrients had an approximately 40% to 60% lower risk of
gastric cancer than participants in the lowest quartile of intake[105].

A group of researchers investigated the relationship between prediagnostic levels of
serum micronutrients and gastric cancer risk in Shanghai, China. Their findings
showed that high serum levels of alpha-carotene, beta-carotene and lycopene were
inversely associated with the risk of developing gastric cancer. Therefore, dietary
carotenes, lycopene and vitamin C are potential chemoprevention agents for gastric
cancer in humans[106].

In addition to some studies examining the protective effect of beta-carotene on
gastric cancer, other studies have found that beta-carotene has no protective effect on
gastric cancer and does not reduce the risk of gastric cancer. A meta-analysis in 2014
tried to determine an association between dietary antioxidant and vitamin
intake/blood level and the risk of gastric cancer. Dietary intake of vitamins C and E,
beta-carotene and alpha-carotene was inversely associated with the risk of stomach
cancer, but blood levels of these antioxidant vitamins did not display this association
[107]. Another systematic review and meta-analysis found that beta-carotene supple-
mentation does not exert any beneficial effect on cancer prevention.

In contrast, in smokers and asbestos workers, a daily dose of 20 mg to 30 mg
increased the risk of lung cancer and stomach cancer[108]. In Linxian, China, a region
with epidemic rates of esophageal and gastric cardia cancer, researchers performed a
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Figure 4 Beta-carotene can prevent the process of gastric cancerization. It influences the oxidative stress in gastric cells. Beta-carotene inhibits the
process of inflammation and cancerization and nuclear factor kappa-B plays an important role. Beta-carotene prevents the gastric cancer through signaling pathways,
and it can weaken the Notch pathway. All-trans retinoic acid causes Pin inhibition by blocking PI3K/AKT and Wnt/B-catenin so that the gastric cancer will not appear.

NF-kB: Nuclear factor kappa-B; IL: Interleukin; EMT: Epithelial-mesenchymal transition; ROS: Reactive oxygen species; Helicobacter pylori: H. pylori; ATRA: All-trans
retinoic acid.

prospective study of serum retinol, beta-carotene, beta-cryptoxanthin and
lutein/ zeaxanthin levels and esophageal and gastric cancers. In this population, low
retinol and high lutein/zeaxanthin concentrations increased the risk of cardia cancer
and non-cardia cancer, respectively. No strong association was observed between
other analytes and cancer at different sites[109]. In 2016, a meta-analysis of the
association of carotenoids with the risk of gastric cancer was conducted. Data from the
case-control study suggested that beta-carotene and alpha-carotene were inversely
associated with the risk of gastric cancer, while results from the cohort study were
inconsistent[110]. A summary of these studies is shown in Table 1.
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Table 1 A summary about beta-carotene and its effects on gastric cancer in human studies

Ref.

Region

Study type

Result

Kim et al[101]

South Korea Case-control study

Higher dietary lycopene intake might be inversely associated with the risk of gastric cancer,
especially in Helicobacter pylori-positive subjects and participants who had ever smoked

Gonzalez and European Prospective Gastric cancer risk was inversely related to high plasma vitamin C levels, some carotenoids, retinol
Riboli[102] countries investigation and o-tocopherol, high intake of cereal fiber and strong adhesion to a Mediterranean diet
Qiao et al[103] Linxian, Follow-up study The cumulative gastric cancer-related mortality of participants receiving “factor D” treatment, a
China combination of 50 pg of selenium, 30 mg of vitamin E and 15 mg of beta-carotene, decreased from
4.28% to 3.84%, which was lower than participants who did not receive factor D treatment
Perssonetal  Japan Nested case-control  The plasma level of beta-carotene was inversely associated with the risk of gastric cancer
[104] study
Larssonetal ~ Sweden Prospective cohort  Intake of vitamin A, retinol and the provitamin A carotenoids alpha-carotene and beta-carotene was
[105] study inversely associated with the risk of gastric cancer, approximately 40% to 60% lower risk of gastric
cancer than participants in the lowest quartile of intake of the nutrients
Yuan et al Shanghai, Cohort study High serum levels of alpha-carotene, beta-carotene and lycopene were inversely associated with the
[106] China risk of developing gastric cancer
Harvie[107] - Meta-analysis Dietary intake of vitamins C and E, beta-carotene and alpha-carotene was inversely associated with
the risk of stomach cancer, but blood levels of these antioxidant vitamins did not display this
association
Druesne- - Systematic review  Beta-carotene supplementation does not exert any beneficial effect on cancer prevention. In smokers
Pecollo et al and meta-analysis  and asbestos workers, a daily dose of 20 mg to 30 mg increased the risk of lung cancer and stomach
[108] cancer
Abnet et al Linxian, Prospective study =~ Low retinol and high lutein/zeaxanthin concentrations increased the risk of cardia cancer and non-
[109] China cardia cancer, respectively
Zhou et al - Meta-analysis Data from the case-control study suggested that beta-carotene and alpha-carotene were inversely
[110] associated with the risk of gastric cancer, while results from the cohort study were inconsistent
CONCLUSION
In conclusion, many epidemiological studies have been conducted on the relationship
between beta-carotene and gastric cancer, and differences may exist between the
results of each study. However, our mainstream view is that intake of beta-carotene is
beneficial to gastric cancer, including reducing the risk of gastric cancer and
improving the prognosis. However, the results of epidemiological surveys vary due to
factors such as the region and research methods. As an important nutrient, beta-
carotene exerts a protective effect on gastric cancer, and the mechanism is still worth
exploring.
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