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Abstract: The continuous increase in the incidence rate of various fatal malignant tumors in the recent years warrants an
imperative search for medications or drugs with obvious anti-tumor effects and reliable curative effects. Previous studies have
found that Curcuma zedoaria and its active ingredients, such as turmeric oil, curcumol, and -elemene, have obvious anti-
tumor effects, and they do not have the adverse reactions and side effects seen in the anti-tumor drugs of Western medicine.
Based on the review and inductive analysis of related literature, we summarize in the present article the results of some
researchers who investigated the anti-tumor effects of Curcuma zedoaria and its active ingredients through the immune

regulation mechanism.
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1. Introduction

Curcuma zedoaria is a plant that belongs to the ginger Zingiberaceae. It is warm in nature and bitter in taste,
and have special functions or effects on liver and spleen. This herb has the function of activating blood to
resolve stasis, and eliminating stagnated food and relieving pain. Based on the Treatise on the Nature of
Medicinal Herbs (transliterated as Yao Xing Lun in Chinese), “Curcuma zedoaria can improve blood and
i, and cure the heart pain of a lady, combat the hypochondriac or abdominal mass and cold wind. Take the
ground medicine with alcohol and vinegar to attain effective therapeutic outcome.” Curcuma zedoaria is
one of the anti-cancer Chinese herbal medicines discovered by medical workers in the early period during
the Cultural Revolution. Its application in the clinical setting has achieved very good results. The anti-tumor
effect of Curcuma zedoaria and its active ingredients is mediated by enhanced immune function and
regulated cytokine levels, as well as the development of Curcuma zedoaria-based tumor vaccines to
enhance the immunogenicity of tumor cells. This article reviews the immune function, cytokines, active
immunity through tumor vaccine, etc. to explore the principle and mechanism of Curcuma zedoaria and its
active ingredients in exerting anti-tumor effects through immune regulation.

2. Enhanced immune function
Lymphocytes are a type of white blood cells. They are produced by lymphoid organs. They are currently
the smallest known white blood cells, belonging to the cell system with immune recognition function.
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According to their migration trend, surface protein molecules and different functions, lymphocytes can be
divided into antigen-specific T lymphocytes (also known as T cells), antigen-specific B lymphocytes (also
known as B cells), and natural killer cells (NK cells).

Macrophages are white blood cells located in tissues. They not only participate in non-specific
defenses (innate immunity), but also specific defense (cellular immunity) in vertebrates. The main immune
function and role of macrophages is to phagocytize the debris produced as a result of cell death or lysis,
and engulf pathogens that invade the body in the form of fixed cells or free cells (that is, phagocytosis and
digestion). Through these processes, related lymphocyte cells and other related immune mechanisms are
activated, so that they can engender an immune response against existing pathogens and other substances
or those that invade on next occasion. Moreover, macrophages also release various inflammatory
substances, such as tumor necrosis factor (TNF), to activate the gene of nuclear factor kappa B (NF-xB) so
as to enhance immune regulation.

Chen et al. found that Curcuma zedoaria polysaccharide (CZP) has a strong effect of enhancing the
proliferation of lymphocytes and the phagocytic activity of macrophages 1. At the same time, they also
confirmed through in vivo experimental studies that CZP could increase the spleen index of tumor-bearing
mice, thus proving that the application of Curcuma zedoaria and its active ingredient (i.e. CZP) can result
in the increase of the proliferative ability of lymphocytes, the phagocytic activity of macrophages, as well
as the spleen index of tumor-bearing mice, which can be construed as indicators of enhanced immune
function.

Yao established a mouse model of H22 liver cancer which were administered with $-elemene through
intraperitoneal injection, and found that the H22 liver cancer model mice had increased T lymphocyte
transformation rate, and B-elemene also promoted the production of T lymphocytes in H22 liver cancer
model mice 3. According to the experimental studies conducted by Lin et al., a variety of immune-related
co-stimulatory factors on the surface of macrophages can be enhanced by -elemene, resulting in enhanced
presentation of foreign antigen by macrophages 4. This could indirectly activate T cells to participate in
the immune response, while 3-elemene can also enhance the phagocytic ability of macrophages. Tian et al.
treated patients with advanced non-small cell lung cancer with elemene emulsion added to chemotherapy
and found that the concentration of CD3" and CD4" cells in the patients was increased after treatment, and
the ratio of CD4*/CD8" cells became significantly higher %1, This proves that Curcuma zedoaria and its
active ingredient (i.e. B-elemene) can increase the transformation rate of T lymphocytes and promote the
generation of T lymphocytes. It can facilitate in the enhanced expression of co-stimulatory factors on the
surface of immune-related macrophages, thereby enhancing the presentation of foreign antigens by
macrophages, improving the phagocytic activity of macrophages, and also activating the immune regulation
mechanism involving related T cells. The increased concentration of CD3" and CD4" cells and the ratio of
CD4*/CD8" cells represent the overall immune function of the body. Curcuma zedoaria and its active
ingredient, such as B-elemene, can significantly increase the concentration of CD3* and CD4" cells and
CD4*/CD8" cell ratio. Judging from this line of evidence, Curcuma zedoaria and its active ingredient, -
elemene, can be used to treat tumors using the above-mentioned methods.

Dendritic cells in the body belong to a type of cells that are specially used for antigen presentation
(antigen presenting cells, APC). They work by efficiently ingesting, processing, and presenting antigens.
Dendritic cells are divided into two types: immature dendritic cells and mature dendritic cells. The more
prominent feature of immature dendritic cells is that they have relatively strong migration ability compared
to mature dendritic cells, whereas the more prominent feature of mature dendritic cells is that they can
effectively activate the primitive T cells that exist in the body; therefore, mature dendritic cells play a central
role in the immune response system [,

Toll-like receptors (TLRs) is a molecule that has become known by people since the 21st century, and
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belongs to a type of pattern recognition receptor for pathogen-associated molecular patterns (PAMPS),
which are closely related to pathogens in innate immunity 1%, The main role of TLRs is to participate in
some essential processes related to innate immune function. They also play a very crucial role when foreign
pathogenic microorganisms invade the body’s immune system [ Initially, when TLRs were first
discovered, this type of receptor was simply considered for being unique only to the immune system, but
Huang et al. found that TLRs are also expressed in tumor cells, not just unique to the immune system 714,
Based on previous studies, Sato et al. also conducted a detailed summary, recording the expression of TLRS
in different human tumor tissues, and found that different human tumor tissues have differential expression
of TLRs; this attribute is not only unique to the immune system 7121,

Idoyaga et al. 713141 found that the maturation of dendritic cells can be prevented by tumor cells by
regulating TLR and its ligands, while the main role of mature dendritic cells is to activate the immune
system and play a role by effectively activating the primitive T cells that exist in the body, playing an
important role in the immune response system [®1. Undoubtedly, this finding provides a new mechanism for
tumor immune escape. The experimental studies of Wang et al. also confirmed that the macrophage
inflammatory protein MIP-3A (also known as CCL20) can recruit a large number of immature dendritic
cells into tumor tissues, and TLR4 signal promotes the secretion of a large amount of MIP-3A from the
tumor cells, thereby creating an opportunity for tumor immune escape ">l Xu et al. showed that
Curcuma zedoaria oil can also inhibit the expression of TLR2 and TLR4 proteins in rectal cancer cells 7,
which is consistent with previous reports 8, suggesting that Curcuma zedoaria and its active ingredient,
i.e. Curcuma zedoaria oil, also have an immune-enhancing effect. The main components of Curcuma
zedoaria include Curcuma zedoaria oil and curcumin, while there are up to dozens of main components in
Curcuma zedoaria oil, including curcumol, curdione, [-elemene, curcumenol, isocurcumenol,
dehydrocurdione, turmeric diol, curcumenone, bisacurone, and curcumene. This proves that Curcuma
zedoaria and its active ingredient, i.e. Curcuma zedoaria oil, can affect dendritic cells by affecting the
expression of TLR and its ligands, and also affect the overall immune function of the body by influencing
dendritic cells.

Another type of innate immune cells in the body is the NK cells, whose role in the immune mechanism
Bl js to recognize susceptible tumor cells through recognition of the receptors on cell surface. NK cells are
tightly combined with the special target structure of the cell surface receptor, and then releases perforin or
cytolysin (cytolysin) into the tumor cell to perforate the cell membrane, causing the leakage of cytoplasm
out of the tumor cell and resulting in the death of susceptible tumor cells. Moreover, NK cells can also
release various cytokines involved in immune response, such as interferon gamma (IFN-y), interleukin (IL)-
1, and IL-2, which greatly strengthen and expand the role of NK cell in immune surveillance %, Previous
studies 2% have shown that elemene can significantly restore the immune function of tumor-bearing mice,
which have low immune function caused by chemotherapy, and it can significantly promote and increase
the activity of NK cells and the immune cells. The ability to produce IL-2 indicates that Curcuma zedoaria
and its active ingredient, i.e. elemene, can contribute to the body’s immune mechanism by increasing the
activity of NK cells and enhancing the production of IL-2.

3. Impact on the level of cytokines
IL-2 is one of the most important cytokines in the body, and plays a very key role as an indispensable
member of the cytokine network. It mainly exerts biological functions by promoting the division of
lymphocytes in the body, assisting in enhancing the killing effect of immune cells on tumor cells, and
assisting in the production of a series of antibodies 241,

TNF-a is a kind of monocyte factor that functions to elicit apoptosis and necrosis of tumor cells, and
also activates lymphokine in the immune system [, At the same time, TNF-a can also interact with other
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cytokines, such as IL-2, to attain a series of immune effects 221,

IFN-vy is a cytokine that regulates the immune system in the body. It has a role in multiple necessary
processes of the immune system in the body, mainly by activating macrophages and upregulating the
expression of main histocompatibility complex (MHC) in the body %], through which the body’s immune
function is influenced.

Through an experimental study, Chen et al. found that CZP can significantly increase the
concentration levels of IL-2, TNF-a and IFN-y, thereby exerting an inhibitory effect on Lewis lung cancer
(11, The experimental study of Chen et al. found that Curcuma zedoaria oil can significantly upregulate the
concentration levels of IL-2 and IFN-y, thereby diminishing the immune exhaustion caused by tumors 4],
The above-mentioned studies have proven that Curcuma zedoaria and its active ingredient, such as CZP,
can increase the concentration of IL-2, TNF-a and IFN-y in the body, thereby enhancing the body’s immune
function via the regulation of the level of cytokines.

Transforming growth factor-beta 1 (TGF-B1) can extensively inhibit the patient’s own immune
function in a variety of mechanisms of tumor immune escape, and more importantly, tumors and other cell
lines can secrete TGF-B1 2%, In an experiment, Xu et al. found the Curcuma zedoaria oil after 24 hours in
SW1463 cells decreased the expression of TGF-B1 in the cells gradually with the increase of the drug
concentration of Curcuma zedoaria oil, suggesting that Curcuma zedoaria and its active ingredient, i.e.
Curcuma zedoaria oil, can exert immune effects by inhibiting the expression of TGF-B1 in cells 29,

IL-10 was the first negative regulator that has been reported to have an inhibitory effect in the body.
It can inhibit the function and activity of T cells and macrophages ?71. C-Raf (Raf-1) belongs to a class of
immune cytokine known as the mitogen-activated protein kinase (MAPK) factor. When C-Raf (Raf-1) is
activated, it is often followed by the activation of the related MAPK signaling pathway. The activation of
this pathway will result in the disruptions of the cell cycle, which in turn lead to the formation of a tumor
28 Through experiment study, Xu et al. found that Curcuma zedoaria and its active ingredient, such as
Curcuma zedoaria oil, can significantly reduce the levels of IL-10 and C-Raf (Raf-1) in rectal cancer cells,
suggesting that Curcuma zedoaria and its active ingredient, such as Curcuma zedoaria oil, play
immunomodulatory roles through the suppression of the expression of IL-10 and C-Raf (Raf-1) in cells [*7],

4. Active immunity through tumor vaccine

The fundamental research of specific active immunotherapy for tumors has been going on for almost a
century. Specific active immunotherapy for tumors is a method that uses tumor cells (tumor antigens) or
modified tumor cell materials to induce the body to produce specific antibodies that are used prevent the
growth, metastasis and recurrence of tumors. In recent years, cancer researchers have begun to try to extract
monomers from traditional Chinese medicine or modify and construct tumor cells with certain non-
pathogenic viruses to improve the body’s immunogenicity and tumor-killing effect, thus providing
promising approaches of using specific active immunotherapy for tumors 21,

Xu et al. found that the use of curcumol mixed with tumor cells as a vaccine can enhance the
immunogenicity of tumor cells and stimulate the body to produce related specific cellular immunity,
thereby exerting a powerful tumor-killing effect B%. This provides a new idea of active immunity through
tumor vaccine based on Curcuma zedoaria and its active ingredients.

Dendritic cell is the most powerful antigen-presenting cell known so far. It can extract and process
living cells with soluble antigens. The antigens are presented to T lymphocytes through dendritic cells, and
participate in the differentiation of T cell subsets and innate immune response. Therefore, tumor vaccines
based on dendritic cells have become a research hotspot in biological therapy for tumor B2,

Kang et al. found that the tumor vaccine made by using [-elemene, the active ingredient of Curcuma
zedoaria, combined with dendritic cells can significantly promote the proliferation of mouse spleen cells
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and the secretion of IFN-y 2. It is important to note that the index of spleen cells to a large extent represents
the strength of non-specific immune function, and IFN-y is a cytokine that regulates the immune system in
the body mainly by activating macrophages and upregulates the expression of MHC molecules in the body
231 thereby regulating the immune function of the body. It was also found that the tumor vaccine made of
[-elemene combined with dendritic cells can significantly inhibit the growth of subcutaneous xenograft
tumors in tumor-bearing mice with liver cancer, and obviously prolong the survival time of tumor-bearing
mice; after analysis, it is believed that the antigen presentation function of dendritic cells can be enhanced
by Curcuma zedoaria and its active ingredient, i.e. B-elemene Bl This indicates that -elemene, the active
ingredient of Curcuma zedoaria, can be use in combination with dendritic cells to make tumor vaccines to
promote the proliferation of mouse spleen cells and the secretion of IFN-y so as to regulate the function of
the immune system and exert anti-tumor effect.

5. Conclusion

In summary, Curcuma zedoaria and its active ingredients can exert anti-tumor effects by enhancing the
immune function and regulating the concentration of cytokines, as well as through the development of
Curcuma zedoaria-based tumor vaccines to enhance the immunogenicity of tumor cells. The anti-tumor
property of this Chinese herbal medicine has been proven effective, and possess great clinical application
value and development prospects. However, the specific mechanism of the anti-tumor effect of Curcuma
zedoaria and its active ingredients is still unclear, which is worthy of further research and verification.
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