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The Place and Importance of Propolis in Cancer
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ABSTRACT

Nowadays, the increasing number of cancer patients is a major
concern all over the world. Therefore, finding safe and effective
treatments has become one of the main goals of researchers.
Immunotherapy is a form of treatment that allows the individual
to fight against many diseases including cancer by using the
immune system. The aim is to enable cells of the immune
system to target and destroy cancer cells. Immunotherapeutic
strategies in cancer are spread to a wide range of research areas
including monoclonal antibodies, cancer vaccines, adoptive
immunotherapy, cytokines, and immune system enhancing drugs.
Due to the specificity of the immune response in new treatment
methods, it is aimed that the immunity against the tumor is to
destroy the tumor selectively without harming the patient. In recent
scientific studies, it has been revealed that propolis is one of the
most promising immunomodulating agents. Propolis is a natural
medicine that widely used since ancient times and contains several
bioactive compounds. More than 300 components of propolis have
been identified to date and 7n vitro, in vivo and clinical studies of
these components are ongoing. The major anticancer components
in propolis are Convective available potential energy, chrysin,
nemorosone, artepilin C, galangin and cardanol. The in vitro, in
vivo and human clinical researches report that the propolis shows
positive effect against the several different cancer types. Propolis as a
natural food with these properties may support the immune system
and body function of cancer patients.

Keywords: Cancer, immunotherapy, cancer immunotherapy,
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oz

Giintimiizde gittikce artan kanser olgulari, tiim diinyada biiyiik
bir endise kaynag:i olmaktadir. Bu nedenle; giivenli ve etkili
tedaviler bulmak arastirmacilarin ana hedeflerinden biri haline
gelmistir. Immiinoterapi; bireyin bagisiklik sistemini kullanarak
kanser dahil ¢ok sayida hastalikla miicadele etmesini saglayan
bir tedavi bi¢imidir. Amag, immiin sisteme ait hiicrelerin kanser
hiicrelerini hedef almalarini ve yok etmelerini saglamaktir. Kanserde
immiinoterapétik stratejiler; monoklonal antikorlar, kanser agilari,
adoptif immiinoterapi, sitokinler, immiin sistemi destekleyici ilaglar
da dahil olmak iizere genis bir aragtirma alanina yayilmaktadir. Yeni
tedavi yontemlerinde immiin yanitin zgiil olmasi nedeniyle tiimére
kargi bagisikligin, hastaya zarar vermeden segici olarak tiimérii
yok etmesi amaglanmaktadir. Son yapilan bilimsel aragtirmalarda
propolisin giiclii bir sekilde en umut verici immiinomodiilasyon
ajanlarindan biri oldugu ortaya konmustur. Propolis, antik ¢aglardan
beri yaygin olarak kullanilan ve biinyesinde bircok biyoaktif bilegsen
barindiran dogal bir ilagtir. Propolisin 300°den fazla bileseni bugiine
kadar tespit edilmis olup bu bilesenletle ilgili in vitro, in vivo ve
klinik calismalar devam etmektedir. Propolisin icindeki baslica
antikanser bilesenler; Convective available potential energy, chrysin,
nemoroson, artepilin C, galangin ve kardanoldiir. Propolisin bircok
farkl kanser tiiriine karst olumlu etki gésterdigi in vitro ve in vivo
olarak ve insan klinik caligmalariyla bildirilmistir. Dogal bir besin
olan propolisin tiim bu ozellikleri ile kanser hastalarinin viicut
fonksiyonlarini ve hastalarin viicut direncini destekleyebilecegi
diisiiniilmektedir.
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Introduction

Millions of people are diagnosed as having cancer every year in
the world and more than half of these patients die due to cancer.
Despite all scientific advances, cancer is a process in which there
are many difficulties for patients throughout the treatment that
develops from its diagnosis (1). On the other hand; this situation
causes great concern in societies. For all these reasons, safe and
effective anticancer treatment researches are still continuing today.
As a result of these researches; a method called immunotherapy,
which aims to use the power of the body’s own immune system
against cancer, has also been introduced (2). In the last decade,
the successful clinical use of immunotherapeutic agents in cancer
treatment has increased the interest in tumor immunology and
in the use of immunotherapy with high response rates in tumors
including solid tumors. Cancer immunotherapy includes the
processes of using and/or activating components of the immune
system such as antibodies, dendritic cells and T-lymphocytes
to treat cancer (3). Target in cancer treatment is the complete
elimination of the disease or the prolongation of life expectancy
(1). Immunotherapy is thought to be a more effective and durable
form of treatment than conventional treatments for cancer by
using the body’s own immune system (4). Today, studies on
the contribution of naturally occurring plant and/or animal
origin products and foods to the treatment process of cancer
are important (5). For example, it has been reported in studies
that bee products may have the potential to be used in cancer
immunotherapy thanks to their immunomodulatory effects, as
well as their antiinvasive and antitumor effects. Propolis, which
is an important bee product, contains important phenolic
compounds such as gallic acid, catechin, caffeic acid, quercetin,
cinnamic acid, naringenin, apigenin, galangin and caffeic acid
phenyl ester (CAPE). Studies have proven the anticancer,
antiproliferative and anti-inflammatory effects of propolis
and new studies are continuing. In this review, the state of the
immune system in cancer patients, the ways and mechanisms of
cancer in suppressing the immune system, the effects and side
effects of immunotherapeutic methods that are frequently used
in cancer treatment, and the anticancer effects of propolis with
immunotherapeutic mechanisms were presented with scientific
data. In this context, in vitro, in vivo and clinical human studies
were also considered.

Cancer
What is Cancer?

Cancer is the clonal spread of cells with impaired growth
characteristics, which is known as the most common and the
most complicated somatic genetic disease (6). All cancers, as a
result of successive mutations in the DNA sequence, can cause
the cell to grow and the formation of a cancer clone derived from

this cell (7).
Cancer and the Genome

With exposure to mutagens and carcinogens, fractures occur
in the genetic material of the cell (7). The genotoxic effect of
mutagenic and carcinogenic compounds can be determined by
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detecting DNA breaks (damage). This genotoxic effect, which is
also defined as DNA damage, is accepted as a cancer-initiating
mechanism. Cancer differs depending on the cell of origin and
the spectrum that promotes genomic changes, which also affect
the therapeutic response (8). However, it is a known fact that all
cancer types are basically a genomic disease (9).

Cancer Treatments and Ways of Prevention

At the end of the 20™ century, animal cancer models were used
to develop drugs necessary for the treatment of cancers (9). These
studies have led to the development of adjuvant chemotherapy
studies and the creation of cancer guidelines. It is known that
environmental factors and positive dietary habits are also very
important in the prevention of cancers (10).

Immune System

The immune system is a collection of organs, special cells and
substances that protect the individual from infections and other
diseases. It also helps to protect the person from cancer (11).
The immune system, which consists of lymph vessels, lymph
nodes, bone marrow, thymus, spleen, tonsils, organs, tissues and
white blood cells of the lymph system, detects a large number of
threats and prevents these threats from distrupting homeostasis
(12). Immune system cells and the substances they produce
show their effects by circulating the body. The immune system
monitors all substances in the body. When it encounters any
foreign substance, it receives an alarm that causes it to attack and
responds to protect and defend the body (11,13). This foreign
substance can be an infectious agent or a tumor cell.

The Immune System in Cancer

The detection and destruction of tumor cells formed in the body by
the immune system is called immune surveillance. The existence
of immune surveillance has been known since the early 1900’
(13). However, despite the presence of immune surveillance,
the ability of the immune system to fight cancer on its own is
limited, and therefore cancer develops despite all mechanisms.
The immune system does not always recognize cancer cells as
foreign. The reason for this is that cancer cells undergo changes,
are not sufficiently different from normal cells, and go out of
control (11). Sometimes the immune system can recognize cancer
cells, but immune responses often fail to prevent tumor growth
(11,13). Cancer cells can also produce some substances that keep
the immune system under control (11).

Immune Surveillance of Cancer

The functions of the immune system to prevent the growth
of transformed cells or to destroy them before they become
harmful are called “cancer immunosurveillance” (14). Immune
surveillance is possible only when the tumor begins to carry cell
surface antigens that can be defined as foreign by the immune
system (13).

Immune Control of Cancer

Tumor cells go through three stages before they become clinically
noticeable. The development of tumors in humans despite
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immune surveillance is tried to be explained by the “3E” theory of
immune editing (Figure 1). These three phases are “Elimination”,
“Equlibrium” and “Escape”. Although the immune system tries
to prevent the survival of cancer cells during these three stages,
it is ineffective in the elimination of some cancer cells (13). The
immune surveillance of the host is suppressed and malignant
cells emerge in this way (14).

The efforts of the immune system to prevent the formation
of cancer lead to various consequences such as the ability to
completely prevent the formation of some tumors, to remain
unprotected in some tumors, and the formation of immunological
anergy or tolerance (14,15).

Elimination

The immune system first attacks tumor cells with polymorphic
leukocytes, killer cells (NK), and monocytes/
macrophages. Pro-inflammatory cytokines released and tumor-
related peptide sequences prepared and presented by monocytes/
macrophages and dendritic cells activate T- and B-cells of the

natural

cellular/adaptive immune system. The release of interferon-
gamma (IFN-y), which is very important among cytokines,
increases the migration of immune system cells to the tumor site,
and induces apoptosis by showing cytotoxic effects with its anti-
proliferative and anti-angiogenic effects (13). With its apoptotic
and antiproliferative effects, IFN-y causes death of tumor cells
to a limited extent and induces the release of chemokines from
tumor cells and surrounding normal tissues. These chemokines,
which have angiostatic effects, cause the elimination of more
tumor cells by stopping the formation of new vessels around
the tumor (14). DC and macrophages infiltrating the tumor
provide NK activation with the release of interleukin 12 (IL-12)
and IFN-y, and perforin causes more tumor cells to die through
(TNF)-related
ligand and reactive oxygen formation mechanisms. With the
cytokines they secrete, CD4+ T-cells help B-lymphocytes to
turn into plasma cells and secrete antibodies, NK and CD8+

tumor necrosis factor apoptosis-inducing

T-lymphocytes to become more activated and thus to eliminate
tumor cells (13). NK and CD8+ T-lymphocytes undertake the
final task in tumor immunity, and if successful, tumor cells are

destroyed (13-15).

Escape

Equlibrium

Elimination

Figure 1. The “3E" theory of immunoediting

Equlibrium

Despite all these eradication efforts against the tumor, genetic/
environmental or unknown microbial factors that are effective
in tumor formation may cause genetic instability to continue
and new methods to be produced against immune system
defense mechanisms (13). Lymphocytes and IFN-y exert a
potent selection pressure on tumor cells that genetically mutate
rapidly. In the meantime, many tumor cells that have undergone
variation are destroyed, but there are also variants that show new
mutations that are much more resistant to immune attacks. It is
thought that this phase is the longest among the three phases and
it takes years (14).

Escape

The escape phase indicates the formation of immunological
tolerance, which means immunologically non-recognition and/or
non-response. Genetic or epigenetic changes in the tumor cause
the tumor to resemble normal body cells and escape from the
immune system. In order to escape from CD4+ T-lymphocytes,
tumor cells reduce the formation of tumor antigens or their
surface expression, which is responsible for antigen presentation.
Another method used by tumors is to secrete factors that bind
pro-inflammatory cytokines and prevent them from functioning
(13). All these mechanisms cause the body to be completely
defenseless (13-15). Tumor variants become insensitive to
immunological detection and proliferate uncontrollably. As
a result, clinically observable malignant disease occurs and if
untreated, it causes death of the host. To overcome these, ways
such as immunotherapy have been found to help the immune
system recognize cancer cells and strengthen its response (11).

Cancer Immunotherapy

Immunotherapy is a form of treatment in which parts of the
individual’s immune system are used to fight a certain group
of diseases, including cancer. The aim is to enable cells of the
immune system to target and destroy cancer cells (16). When
the innate immune system is stimulated, tumor antigens released
from the tumor are recognized and some T-cells stimulated by
the immune system capture and destroy the tumor cells. Other
T-cells, on the other hand, stimulate B-cells, which are other
cells of the immune system, and these cells turn into antibody-
producing plasma cells (17). The main strategy aims to provide
patients with antitumor effectors (antibodies and T-cells),
stimulating the patient’s own antitumor response. Tumors develop
mechanisms that enhance their survival (eg, Bcl-2 expression) and
immunoregulatory molecules (eg, programmed cell death-1 (PD-
1), PD-1 ligand (PD-L1), cytotoxic T-lymphocyte-associated
protein- 4 (CTLA-4) inhibitors of immune checkpoints) can
evade the immune response (18). The presence of identifiable
tumor antigens in most of the tumor cells and the inability of the
immune system to prevent tumor growth led to the formation of
immunotherapy. The use of methods such as the production of
antigen-specific T-lymphocytes and antibodies targeting tumor
antigens, identification and purification of tumor antigens with
the latest developments in technology has revealed the idea
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that tumors can be destroyed by immunotherapy. In addition,
lymphocyte isolation and increasing the efficiency of the
immune system with cytokines also supported immunotherapy
(14). Tumors can evade the immune response by developing
mechanisms that enhance their survival (eg, Bcl-2 expression),
and by expressing immunoregulatory molecules [eg, immune
checkpoints inhibitors such as programmed cell death-1 (PD-1),
PD-1 ligand (PD-L1) and CTLA-4] (18).

Various side effects are seen depending on the treatment method
used in cancer treatment, the chemotherapeutic agent used, and
the dose of chemotherapy and/or radiotherapy (17). Because
new treatment modalities affect the immune response, it is aimed
that tumor-specific immunity will selectively destroy the tumor
without harming the patient. It is possible to interfere with the
immune system with immunotherapy in order to regulate the
immune response and to achieve tumor eradication despite the
escape of tumors from the immune system (14).

Treatment Methods Used in Cancer Inmunotherapy
Monoclonal Antibodies

It is a treatment method that ensures that cancer cells circulating
in the body and carrying antigens are destroyed by other parts
of the immune system until monoclonal antibodies find and
neutralize the foreign protein (17).

Cancer Vaccines

Cancer vaccines have been produced to induce tumor-specific
particularly CD8-positive
T-cells specific for tumor antigens. These vaccines help in

immune responses, cytotoxic
cancer treatment or prevent the recurrence of cancer after
other treatments (19). The patient can be vaccinated with his
own tumor cells or tumor antigens. Vaccines can be given as
recombinant proteins with adjuvants to increase the immune
response (14). Cancer vaccines enable the immune system to
attack tumor cells containing one or more specific antigens.
Since memory cells are effective in the immune system, it is
hoped that the vaccine will continue to work long after it is

given (19).
Adaptive Inmunotherapy

In this treatment, tumor-specific cytotoxic T-cells are given to
cancer patients for the purpose of recognizing, targeting and
destroying tumor cells. T-cells are harvested from a patient’s blood
or tumor site, then stimulated to grow and expand in an in vitro
culture system. After sufficient in vitro growth, these cells are re-
injected into the host, thereby causing tumor destruction (20).

Cytokines

With the use of cytokines, it is aimed to optimize the response
after the patient creates an immune response (14).

Nutritional Supplements with Immunodilator and Anticancer
Effects

Apart from the reported immunotherapy treatments; components
of nutrients such as black cumin, turmeric, soy products, cinnamon
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and garlic (thymoquinone, curcumin, genistein, p-coumaric acid
and allicin, respectively) can reduce the effectiveness of cancer cells
and increase the effectiveness of some cancer drugs (21,22). Ginseng
(Panax ginseng, Korean ginseng) prevents drug resistance and
increases the recognition of tumor cells (21). Polysaccharopeptides
(edible mushrooms) help prevent the vascularization of cancer
cells and regulate the immune system (21). Also; some betaglucans
such as lentinan with polysaccharide structure found in fungi
have been shown to stimulate macrophages, NK cells, T-cells and
cytokines. Researches continue in this area. Agaricus subrufescens,
Lentinula odedes, Grifola frundosa and Hericium erinaceus are
known to have these properties (23). Adequate selenium intake
(200-400 pg/day), beta carotene, zinc and fungal polysaccharides
can stimulate NK cells (21).

Side Effects of Cancer Immunotherapy

The side effects of immunotherapies are caused by immune-
mediated damage to normal tissues. These damages are due to
the changes in the interactions between cancer cells and the
immune system due to the treatments. The skin and mucosa,
luminal gastrointestinal system, liver and endocrine system are
the most frequently affected organs and systems. Skin rashes
are usually the earliest side effect. There may be erythematous,
reticular or maculopapular skin rashes. Mucositis may occur with

dry mouth (18).

Propolis
What is Propolis?

Propolis is a resinous substance collected by honey bees from
leaf buds and cracks (24). Honey bees form propolis by mixing
the p-glucosidase enzyme found in their salivary secretions and
partially digested wax into the resin they collect. Apis Mellifera
honey bees living around Europe, the Ural Mountains, Africa
and Asia play a role in the production of propolis (25). Propolis
is a natural medicine that has been widely used since ancient
times (26). The use of propolis in folk medicine is dated to
300 BC. Positive anticancer, antioxidant, anti-inflammatory,
antibiotic, antifungal and antihepatotoxic effects have been
demonstrated in studies. Propolis is a substance widely used in
foods to promote health and prevent health problems such as
inflammation, diabetes, cancer and cardiovascular diseases (27).
Research against the composition and biological activities of
propolis is still ongoing. More than 300 components of propolis
have been identified to date (28). Propolis has anti-bacterial,
anti-fungal, anti-viral, anti-tumor, hepatoprotective, anti-
inflammatory effects. In addition to these features, it has been
used as a part of traditional medicine since ancient times, as it
naturally increases the body’s resistance to infections and treats
gastroduodenal ulcers (26).

Chemical Structure of Propolis

Many studies have been done on the structure and chemical
properties of propolis, and hundreds of chemical compounds
have been identified in propolis. However, there is no chemical
standardization of propolis based on active principles (29). The
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positive effects of propolis on health have been demonstrated in
many iz vivo and in vitro experimental studies. In particular, the
polyphenols in its content prevent many specific diseases and
prevent the progression of diseases.

It acts through various mechanisms (22). Phenolic and aromatic
compounds such as flavonoids show the most important
pharmaceutical and biological activity in propolis. The flavonoid
and phenolic compounds of propolis are known as the most
active substances with anticancer effect. Propolis inhibits the
growth of tumor cells. Its cytotoxic effect is associated with
different activities of different propolis types (30).

Uses of Propolis

Propolis collected from the hive is obtained as raw and must be
used after being purified. Especially; since some allergic reactions
may occur due to its composition in its medicinal use, propolis
should be produced under the necessary controls, presented
and used after processing (31). There are great differences in
the compositions of propolis samples taken from different
geographical regions. However; it is observed that all samples
have antibacterial, antiviral and antifungal activity in common.
These activities of propolis are related to the use of propolis by
bees as a defense against infections (32). Propolis is a versatile
substance used in apitherapy centers, in the food industry, in
the pharmaceutical and cosmetic industry due to its antibacterial
and antioxidant effects and the chemicals it contains (33).

Thanks to the rich vegetation of our country, Turkish propolis
contains a wide variety of compounds (5). Turkish propolis is
especially rich in polyphenolic compounds such as pinocembrin,
isalpine, pinotropin, naringenin, quercetin, chrysin, galangin,
pinobanksin, apigenin, 3,40, 7-trimethoxy flavanone and caffeic
acid (34). In a study examining the in vitro effects of Turkish
propolis on lung cancer; it was found that the ethanolic extract of
propolis had a pro-apoptotic effect by reducing the mitochondrial
membrane potential of A549 cells and inducing caspase activity
(35). The bioactivity of propolis develops depending on the
variety and concentrations of the compounds contained in

propolis.

Immunological Effects of Propolis

In recent scientific research, propolis is thought to be one of
the substances with a strong immunomodulating effect. This
aspect of propolis needs to be supported by exploratory studies
including more clinical trials. Propolis can be considered as a
complementary therapy due to its immunomodulatory effects
and can be seen as an alternative therapy in immune disorders
(36). The antitumor effect of propolis and its components has
been found to be associated with regulating the immune system
through macrophage activation (37).

Immunotherapeutic Effects of Propolis in Cancer

Propolis is used in medicine as a treatment for cancer and
diseases (38).
such as antibacterial, antifungal, antiviral, antioxidant, anti-

immune Propolis has biological activities

inflammatory, cytotoxic, immunomodulatory, local anesthetic,
antiulcer, antitumor and immunostimulatory effects (39).
Flavonoids, aromatic acids and their esters are thought to be the
compounds responsible for the biological activity of propolis (33).
Effective antitumor components in propolis are known as CAPE,
chrysin, nemoroson, artepilin C, galangin and cardanol (40). The
anticancer effect of propolis is the result of its antioxidant, anti-
inflammatory, immunomodulatory, cytostatic, antineoplastic
features, suppression of proliferation in cancer cells, reduction of
cancer stem cells and populations, inhibition of specific oncogene
signaling pathways, providing anti-angiogenesis, modulating
the tumor microenvironment and increasing chemotherapeutic
activity (40,41). Also, propolis seems to alleviate the side effects
caused by drugs (41). Stimulating effects of propolis on antibody
production and lytic activity of NK cells against tumors have
been demonstrated (42). Propolis creates resistance against
various pathogens and tumor cells by affecting macrophage
functions, lymphocyte proliferation and plaque-forming cells in

the spleen (43).

It has been observed that water-soluble derivatives of propolis
increase the immunomodulatory capacity. Propolis provides
stimulation and induction of lymphocytes and some cytokines
and affects IL-1 and TNE Propolis injection in mice showed
complementary activity in humoral immunity (44). It was
observed that in vivo application of water-soluble propolis
extract (WSP) increased the sensitivity of tumor cells to
hyperthermal intraperitoneal chemotherapy (HIPEC) and
reduces the toxic and genotoxic effect of cisplatin (CIS) on
normal cells without affecting its cytotoxicity on tumor cells
(45). Adding WSP to chemotherapy increased the survival rate
of mice by 160.3%.

While propolis helps cancer treatments such as chemotherapy
and radiotherapy, it also prevents the damage these treatments
can cause to healthy cells (46). In an in vitro experiment with
WSP, it was seen that WSP changed the tumoricidal activity of
macrophages, increased the production of lymphocyte-activating
factors, inhibited the human cervical carcinoma cell line and
mouse lung fibroblast (V79) (47). In the study investigating the
antitumor, genotoxic, chemopreventive and immunostimulatory
effects of HIPEC with local chemoimmunotherapy in mice with
Ehrlich acid tumor (EAT); mice were injected with 50 mg/kg
WSP 3 and 7 days before implantation of EAT cells, and 5 mg/
kg CIS 3 days after. The combination of WSP + CIS provided
inhibition of tumor growth. WSP application increased the
cytotoxic effects of macrophages on tumor cells (45).

Propolis and its components such as chrysin, quercetin and
CAPE increase the levels of cell cycle progression inhibitors such
as p21, p27 and cyclins in vitro, and enables stopping of the
cell cycle at different stages. In a study examining the in vitro
antitumor activity of propolis ethanolic extract in human colon
carcinoma HCT15 cells, dose- and time-dependent cytotoxic
effects were observed (48). Its mechanism of action was explained
as a decrease in glucose consumption and lactate production and
modulation of glycolytic metabolism.
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Induction of antibody production (40)

Stimulating effect on the antitumor lytic activity of NK cells (40)

Positive effect on plaque forming cells in the spleen (41)

Induction of lymphocytes and some cytokines (42)

Positive effect on macrophage functions (45)

Increasing the percentage of neutrophils (48)

Increasing the ratio of CD4/CD8 T cells and total helper T cells (49)

Figure 2. The role of propolis in cancer immunotherapy

Adding propolis to the anticancer drug irinotecan (IRI) treatment
increases the antitumor activity of IRI (49). Compared to mice
injected with EAT cells in the control group, the percentage of
tumor cells in the peritoneal cavity was significantly reduced and the
percentage of neutrophils was significantly higher in the experimental
group treated with combined WSP and EEP. In a study in which
500 pg artepilin C (3,5-diprenyl-4-hydroxycinnamic acid) obtained
from Brazilian propolis was applied to human and murine malignant
tumor cells three times a week. It was found that artepilin C showed
cytotoxic effects and inhibited the growth of tumor cells 772 vitro and in
vivo (50). The cytotoxic effects of artepilin C are most pronounced in
carcinoma and malignant melanoma. In addition to the suppression
of tumor growth, artepilin C also increased the ratio of CD4/CD8 T
cells and total helper T-cells. These findings show that artepilin C has

antitumor activity and activates the immune system.

All these studies have shown that propolis has a direct regulatory
effect on the basic functional properties of immune cells (Figure
2). Therefore; propolis, a bee product, is a potent and natural
anti-inflammatory agent that affects different types of immune
response via immunoregulatory T-cells.

Conclusion

Propolis shows its important effects on the immune system with
tumor-specific immunity. Propolis can increase the expression of
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immune system cells as well as increase the effects of these cells on the
tumor. At the same time, it can direct immune system cells to tumor
cells that can escape recognition by the immune system with certain
mechanisms. According to the findings obtained from in vitro, in
vivo and clinical studies; Propolis shows its immunotherapeutic
effects on cancer cases as well as preventing the formation of cancer.
Therefore; More clinical studies are needed on propolis indications

and usage doses.
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