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Abstract 

[Objective] Cancer is one of the major causes of death and one of the greatest burdens 

on global healthcare systems and communities. Breast cancer is one of the most lethal 

cancers in both sexes, trailing only lung, colorectal, liver, and stomach cancer. Multiple 

strategies have been offered to combat the occurrence. However, effective and side-

effect-free medications are still required. In this study, we aimed to evaluate 

immunomodulatory effects of the dietary combined herbs extract of Curcuma zedoaria 

(Christm.) Roscoe and Phyllanthus niruri L. against DMBA-induced carcinogenesis 

mouse model. [Methodology] Six experimental groups were set, including vehicle group, 

7,12-Dimethylbenz[α]anthrancene group, cisplatin treatment with a dose of 3 mg/kg BW, 

Cheral dose treatment of 1.233 mg/kg BW, 2.466 mg/kg BW, and 4.923 mg/kg BW. Flow 

cytometry analysis toward the expression number of M2 macrophages, T helper 17 cells, 

regulatory T cells, and B cells were occupied. [Results] Interestingly, in this present study 

we found that the combination of C. zedoaria and P. niruri extracts showed ameliorative 

effect on DMBA-induced carcinogenesis mouse model by suppressing several immune 

cells including M2 macrophages, T helper 17 cells, regulatory T cells, and B cells in 

secondary lymphoid organ. [Conclusion] Thus, this results suggested that the 

combination of C. zedoaria and P. niruri extracts could be used for anti-cancer drug 

candidate developments. 
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Resumen 

[Objetivo] El cáncer es una de las principales causas de muerte y una de las mayores 

cargas para los sistemas de salud y las comunidades mundiales. El cáncer de mama es 

uno de los cánceres más letales en ambos sexos, sólo superado por el cáncer de pulmón, 

colorrectal, hígado y estómago. Se han ofrecido múltiples estrategias para combatir la 

ocurrencia. Sin embargo, todavía se necesitan medicamentos eficaces y libres de efectos 

secundarios. En este estudio, nuestro objetivo fue evaluar los efectos inmunomoduladores 

del extracto dietético de hierbas combinadas de Curcuma zedoaria (Christm.) Roscoe y 

Phyllanthus niruri L. contra el modelo de ratón con carcinogénesis inducida por DMBA. 

[Metodología] Se establecieron seis grupos experimentales, incluido el grupo de 

vehículo, el grupo de 7,12-dimetilbenzo[α]antraceno, el tratamiento con cisplatino con 

una dosis de 3 mg/kg de peso corporal, el tratamiento con dosis de Cheral de 1,233 mg/kg 

de peso corporal, 2,466 mg/kg de peso corporal. peso corporal y 4,923 mg/kg peso 

corporal. Se ocupó el análisis de citometría de flujo hacia el número de expresión de 

macrófagos M2, células T auxiliares 17, células T reguladoras y células B. [Resultados] 

Curiosamente, en el presente estudio encontramos que la combinación de extractos de C. 

zedoaria y P. niruri mostró un efecto de mejora en el modelo de ratón con carcinogénesis 

inducida por DMBA al suprimir varias células inmunes, incluidos los macrófagos M2, 

las células T auxiliares 17 y las células T reguladoras. y células B en el órgano linfoide 

secundario. [Conclusión] Por lo tanto, estos resultados sugirieron que la combinación de 

extractos de C. zedoaria y P. niruri podría usarse para el desarrollo de candidatos a 

fármacos contra el cáncer. 

 

Palabras clave: Cáncer, enfermedades, Curcuma zedoaria, inmunosupresores, 

Phyllanthus niruri.  

 

Introduction 
 

Cancer is one of the leading causes of mortality and one of the most important 

burdens on healthcare systems and communities globally. It is responsible for more than 

10 million deaths worldwide (Siegel et al., 2022). One of the most common types of 

cancer with the high mortality rate is breast cancer with 11.7% of newly diagnosed cases 

in 2020. It is considered as one of the most deadliest cancer in all sexes, just behind lung, 

colorectal, liver, and stomach cancer (Sung et al., 2021). Studies have shown that the risk 

for breast cancer is due to a combination of factors such as age, genetic mutation, estrogen 

level reproductive history, family history, prolonged exposure of mutagenic agents, and 

unhealthy lifestyle (Sun et al., 2017, Wu et al., 2018). Cancer cell growth is a dynamic 

process that can influence or be influenced by the immune system's response. The 

immune system should recognize and eliminate it because it presents unique antigens on 

its surface recognizable by the immune cells (Esquivel-Velázquez et al., 2015, Ozga et 

al., 2021, Pandya et al., 2016). Several studies have revealed that the immune system 

prevents cancer growth and progression through anti-tumor activities mediated by both 

innate and adaptive immune cells such as NK cells, macrophages, cytotoxic T cells, and 

helper T cells, as well as various cytokines and chemokines (Ghoshdastider et al., 2021, 

Henke et al., 2020).  

The spleen, as a secondary lymphoid organ, maintains the population of mature 

lymphocytes. It has the ability to control the immune system on a local and global scale, 

moving monocytes and lymphocytes to different organs (Lewis et al., 2019). 
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Lymphocytes in an active spleen can be directed to particular sites, such as cancer tissue. 

One of the immune system's responses to cancer cells is the activation of cytotoxic T 

cells. Cancer cells, on the other hand, fight back against the immune system through a 

variety of inhibitory mechanisms, one of which is immune suppression by regulatory T 

cells. T cells that govern T cell proliferation and peripheral tolerance are known as 

regulatory T cells. However, when it has a greater activation rate, it generally leads in a 

worse prognosis, hence regulatory T cells are considered to play a crucial role in cancer 

development and metastasis (Li et al., 2020, Togashi et al., 2019). Activation of 

regulatory T cells inhibits both the innate and adaptive immune systems, which are 

stimulated by the release of IL-10 and TGF-β. TGF-β secretion lowers cytotoxic T cell 

activity while increasing regulatory T cell production and has a negative influence on B 

cell population composition (Ohue and Nishikawa, 2019).  

Macrophages are innate immunity component that also play significant role in 

tumor microenvironment (TME). Tumor-associated macrophages are a subset of 

macrophages (TAMs). By secreting growth factors, cytokines, and chemokines, they play 

a significant role in boosting angiogenesis, increasing tumor cell survival and migration, 

and decreasing the anti-tumor activity of the adaptive immune system in the tumor 

microenvironment. They have also been shown to inhibit tumor cell proliferation by 

producing pro-inflammatory cytokines and chemokines, as well as boosting type 1 T-cell 

responses (Yu et al., 2019). These seemingly conflicting results rely primarily on 

macrophage polarization. Pro-inflammatory cytokines such as IL-1, IL-6, IL-23, and 

TNF- are expressed by M1-like macrophages. In contrast, M2-like macrophages release 

anti-inflammatory cytokines such as IL-10, IL-13, and TGF- to promote tumor 

development (Chen et al., 2019, Lindsten et al., 2017, Yu et al., 2019). However, around 

70% of TAMs infiltrated in non-small cell lung cancer have an M2-like phenotype, which 

promotes angiogenesis while suppressing T cell recruitment and activity (Cendrowicz et 

al., 2021, Honkanen et al., 2019, Oshi et al., 2020). 

Th17 cells are a subpopulation of helper T cells distinguished by the production of 

IL-17. It is well-known for its remarkable plasticity. Although Th17 cells have a role in 

the pathophysiology of autoimmune disorders and infectious immunology, the 

significance of these cells and their specific cytokines in cancer formation remains 

unknown. Several investigations have shown that Th17 cells may be both anticancer and 

tumor-promoting (Asadzadeh et al., 2017, Karpisheh et al., 2022). Th17 cells generate a 

high amount of IL-17, which has been linked to cancer. This cytokine can both enhance 

the activity of natural killer (NK) cells and cytotoxic T lymphocytes (CTLs) to provide 

antitumor effects and accelerate tumor formation by stimulating tumor angiogenesis, 

while the precise role of IL-17 in carcinogenesis is unknown (Potteaux et al., 2020, Qian 

et al., 2017).  

The B cells, commonly known for synthesizing antibodies, are hypothesized to play 

a role as tumor-promoters by assisting in the polarization of TAMs (Fridman et al., 2021, 

Sarvaria et al., 2017). Breast cancer also has an anti-tumor response suppression strategy, 

one of which is to utilize immune cells' suppressive mechanism by manipulating type 2 

macrophages (M2), regulatory T cells, activated B cells, and type 2 neutrophil cells (N2), 

which are all immune cells that suppress anti-tumor responses (Gun et al., 2019, Oberg 

et al., 2019, Pandya et al., 2016). 

Chemotherapy has been widely used as a definitive treatment for various cancers, 

including breast cancer. One of the most commonly used chemotherapy agents is 

cisplatin, a nonspecific bifunctional alkylation agent resulting in a cross-linked inter-
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strand intra-strand bond of DNA. Its side effects include bone marrow suppression, 

kidney, nerve, and other organ damage. Oxidative stress from cisplatin radical 

metabolites could cause severe kidney damage. Other cisplatin adverse effects include 

nausea and vomiting, hepatotoxicity, retinopathy, neurotoxicity, and respiratory distress 

(Ghosh, 2019, Lee et al., 2020). Meanwhile, herbal medications derived from medicinal 

plants contain active components that potentially substitute or assist combined treatment. 

Phytochemical substances in herbal medicines have antioxidants and anti-cancer effects. 

Compared to synthetic pharmaceuticals, it is suggested that herbal treatment has fewer 

adverse effects (Lin et al., 2020). 

Herbal medicine development is one of the alternative treatments for ailments from 

infections to cancer. Different herbal plants are then combined to improve their medicinal 

potency. Cheral is a herbal medication made from medicinal plants, including white 

turmeric rhizome (Curcuma zedoaria) and the chamber bitter (Phyllanthus niruri). The 

combination of the two plants has a diverse set of chemicals that improves its efficacy as 

an alternative cancer treatment. The flavonoid content of both sources has been 

demonstrated to have anti-cancer action and antioxidant properties. Antioxidants have 

been shown to reduce reactive oxygen species (ROS) and boost the immune system 

(Willenbacher et al., 2019). The chamber bitter extract was found to have anti-

inflammatory properties since it reduced the production of IL-6, TNF-α, and IL-1β. It also 

promotes apoptosis in lung cancer cells in vitro (Jantan et al., 2019, Saahene et al., 2021). 

Also, the curcuminoid in white turmeric rhizome can suppress the growth of ovarian 

cancer (Pourhanifeh et al., 2020). Previous studies have demonstrated the ability and 

promise of these two plants separately. However, there hasn't been any research on how 

the Cheral affects immune system responses, particularly macrophage, Th17 cells, 

regulatory T cells, and B lymphocytes. As a result, this study is intended to aid in the 

immunological understanding of the effect of the Cheral on the immune system in breast 

cancer incidence. 

 

Methodology 
 

 Animal model description and experimental design 

The 7-8 week-old female BALB/c mice were used in the study. The pathogen-free 

mice obtained from the Integrated Research and Testing Laboratory, Gadjah Mada 

University. Mice typically weigh between 25 and 30 grams. They were acclimatized for 

one week before being treated. A completely randomized design was selected for the 

investigation. Mice were divided into six: vehicle group, 7,12-

Dimethylbenz[α]anthrancene (DMBA) group, cisplatin treatment with a dose of 3 mg/kg 

BW, Cheral dose treatment of 1.233 mg/kg BW (D1), 2.466 mg/kg BW (D2), 4.923 

mg/kg BW (D3). Each treatment included four replications, and the total number of mice 

utilized in this study was 24. Mice were housed in cages and treated in a designated area 

for experimental animals. The temperature in the room is kept at about 37oC. The husks 

in the cages were changed daily to keep them clean. Every day, they were given standard 

food and water, ad libitum. The Research Ethics Committee of Universitas Brawijaya 

determined that the treatment and support of experimental animals met ethical standards, 

as evidenced by a certificate of ethical appropriateness number of 925-KEP-UB. 
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 Carcinogen induction using DMBA 

To initiate cancer development, 8-week-old mice were treated with DMBA (Tokyo 

Chemical Industry, Japan). The DMBA was used at a concentration of 0.015 mg/kg BW. 

It was mixed with maize oil. Around the areola, DMBA was injected under the skin six 

times, one week apart. The volume of DMBA injected was proportionated with each 

mouse's weight. Palpation methods were used to examine the development of nodules in 

mice.  

 

 Cheral and cisplatin treatment 

Mice injected with DMBA for six weeks were given Cheral extract (Makassar), 

except for the healthy control. Cheral was diluted in distilled water before being 

administered. The cisplatin (Dankos Farma, Indonesia) was administered 

intraperitoneally after being dissolved in PBS solution, injected seven times in 14 days, 

at two-day intervals. The volume of cheral and cisplatin administered to the mice was 

determined by weighing their body mass.  

 

 Flow cytometry analysis 

After mice were sacrificed, the ventral region of the mice was washed with 70% 

alcohol and then dissected vertically to study the internal organs. The spleen is a single 

organ located beneath the stomach, then removed and washed twice with PBS. The spleen 

is homogenized with the base of the syringe in a clockwise circular motion. The 

homogenization products were put in a propylene tube, and 6 ml of PBS was added, then 

centrifuged for 5 minutes at 2500 rpm and 10oC. Following the separation of the 

supernatant, 1 ml of PBS was added to the pellet. Then, 50 μl of cell resuspension then 

transferred to a microtube before being added by 500 μl of PBS solution and centrifugated 

at a speed of 2500 rpm for 5 minutes at a temperature of 10oC. After extracting the 

supernatant, the pellet was homogenized with 50 μl of extracellular antibody coloring. As 

extracellular antibodies, anti-CD11b, anti-CD4, anti-CD25, and anti-B220 (BioLegend, 

USA) were used. The samples were then incubated in the dark at 40°C for 20 minutes. 50 

μl of cytofix were applied to the sample (BioLegend, USA). The samples were then 

incubated for 20 minutes in the dark at 40°C before mixing with 500 μl of washperm 

(BioLegend, USA). The sample was then centrifuged at 2,500 rpm for 5 minutes at 10oC. 

The pellets were then incubated for 20 minutes at 40°C with an intracellular antibody, 

specifically anti-IL17 and anti-TGF-β, then added to 400 μl of PBS. After that, the 

samples were put in a cuvette and analyzed using a FACSCaliburTM (BD Biosciences). 

 

 Data analysis 

The BD Cell Quest ProTM software was used to examine the flow cytometry data. 

For the statistical analysis, SPSS version 20 for Windows was used. A one-way ANOVA 

test with a value α = 5% was performed. The Tukey Honestly Significant Difference 

(HSD) test was employed to determine significantly level of treatment group. 

 

Analysis and results 
 

 Cheral extracts suppress the CD11b+IL-17+ macrophages into a normal level 

In this present study, we demonstrated that cheral extracts exert potential 

immunomodulatory activity in mouse breast cancer model. Several of immune cells 

expression which were evaluated in this study showed the reduction trend after cheral 
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extract administration (Figure 1). More specific, DMBA induction significantly promotes 

the expression of CD11b+IL-17+ macrophages compares to vehicle group (Figure 2A and 

2C). It is postulated that a higher number of M2 macrophages is thought to be correlated 

with a higher concentration of cytokines released by tumor cells and immune cells, 

particularly Th2 and Tregs cells in TME such as  IL-4, IL-10, and IL-13, which drive 

macrophages polarization toward M2 phenotype (Lis-López et al., 2021, Saeedifar et al., 

2021). It is suggested that higher Th2 and Tregs, which drive M2 polarization, indicate 

that cancer in the model has reached the escape phase in the immunoediting process (Ozga 

et al., 2021, Togashi et al., 2019). This macrophage subtype has decreased tumor antigen-

presenting capacity, reducing their pro-inflammatory potential and strongly shifting their 

attributes toward anti-inflammatory (Zhou et al., 2017). They also promote tumor growth 

by producing numerous growth factors such as PDGF and TGF1, forming a positive 

feedback loop between cytokines and tumor cell factors such as IL-4, IL-6, IL-10, MDF, 

TGF1, and PGE2 (Liu et al., 2021).  

 

 
Figure 1. Schematic picture showed how cheral extract attenuates the mouse immune 

system into normal level after induced by carcinogen, DMBA. 

 

M2 phenotype macrophages are critical for tumor-related vasculature development, 

a process in which neo-vessels sprout from existing blood vessels or by proliferation, 
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motility, and accumulation of vascular endothelial cells. Rapid tumor progression resulted 

in hypoxic zones, which induced the production of IL-4 and IL-10, boosting the 

recruitment and polarization of M2 type macrophages (Raggi et al., 2017). It may also 

aid tumor cells in acquiring a signature that allows them to activate and alter stromal 

characteristics to support malignancies (Liu et al., 2021). Combined with DMBA-induced 

oxidative stress through binding with cytochrome P-450, creating a covalent adduct with 

DNA, further driving the M2 cells' recruitment and proliferation (Mazambani et al., 

2019). 

 

  
Figure 2. Immunosuppressive effects of cheral extract toward CD11b+IL-17+ 

macrophages (A and C) and CD4+IL-17+ T helper 17 cells (B and D) in DMBA-induced 

mouse. The significance level was set at p < 0.05. The substantial difference is indicated 

by different alphabetic characters on the graph. 

 

The cisplatin group showed the lowest results among cancer-induced groups. To 

this date, there is no clear indication of the effect of cisplatin on M2 cells' activation and 

activity. According to a research, giving cisplatin might boost the ability of tumor cell 

lines to stimulate IL-10-producing M2 macrophages, which showed higher levels of 

active STAT3 owing to tumor-produced IL-6 and lower levels of activated STAT1 and 

STAT6 due to tumor cell PGE2 production (Dijkgraaf et al., 2013). However, newer 

studies suggest that the decreased number of M2 cells is caused by cisplatin's 

lymphopenic effect, which inhibits actively proliferating cells, including monocyte 

lineage such as macrophages (Lee et al., 2020). 
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Furthermore, the results also showed all cheral dosages dramatically reduced M2 

macrophage levels. Lower M2 cell numbers suggest that the bioactive compounds in 

Cheral may inhibit macrophage polarization toward the M2 phenotype by inhibiting 

STAT6 phosphorylation, the primary downstream signal of IL-4 signaling, and 

downregulating the expression of M2-related genes such as Arg-1 and CD206, or by 

inactivating the STAT3 phosphorylation mechanism and PGE2-PPAR signaling 

cascades, resulting in decreased Arg-1 and IL-4R production. According to in vitro study, 

flavonoids with these properties include luteolin and isoliquiritigenin, however these two 

may not be the only ones as research advances (Saeedifar et al., 2021). It is predicted that 

antioxidants in cheral, such as flavonoids and their derivatives, could act as anti-

inflammatory agents by lowering ROS production and inhibiting NF-κB activity, 

resulting in suppressed expression of PD-L1 and immunosuppressive chemokines, 

obstructing the polarization mechanism favoring the M2-phenotype and further 

decreasing the population of M2-macrophages in the TME (Roux et al., 2019, Zhu et al., 

2020). Meanwhile, a reduced number of M2 cells may imply a lesser amount of cancer 

cells that attract macrophages. Two bioactive constituents of cheral, linalool, and 1,8-

cineol are considered to reduce cancer cell viability without harming normal cells (Gharge 

et al., 2021, Rodenak-Kladniew et al., 2020). The reduction in the amount of cancer cells 

may also result in a reduction in the cytokines that attract and encourage M2 macrophage 

growth. Furthermore, as predictive study, we showed that both 1,8-cineole and apigenin-

8-c-glucosidase which were dominantly found in cheral extracts have the possibility to 

developed as drug candidate cause of their wide spectrum of target protein (Figure 3 and 

Figure 4).  

 

 Cheral extracts reduce the CD4+IL-17+ T helper 17 cells  

Similarly with the macropahage’s population, the expression of CD4+IL-17+ in 

DMBA group was significanly increase compare to vehicle group (Figure 2B and 2D). 

This result was in line with another study that also observed increasing high expression 

of IL-17 by Th17 in breast tumor tissue. IL-17 is hypothesized to indirectly stimulate 

tumor cell growth and proliferation by boosting microvessel formation and density in the 

tumor region. Furthermore, tumor-infiltrating Th17 cells and IL-17 increased the 

production of granulocyte-colony stimulating factor (G-CSF), resulting in the recruitment 

of immature myeloid cells into the tumor microenvironment (Zhao et al., 2020). IL-17 

has been shown to increase tumor aggressiveness in individuals with invasive ductal 

carcinoma (IDC) by inducing angiogenic factors such as the chemokine CXCL8, MMP-

2, MMP-9, and VEGF. Another key cytokine generated by Th17 cells, IL-22, has been 

shown to increase the rate of angiogenesis, proliferation, and tumorigenesis by promoting 

the expression of Pin1 and MAP3K8, which is directly associated to cancer development 

(Karpisheh et al., 2022). During cancer growth, Th17 cells also control CXCL1 

expression. CXCL1 expression on tumor cells and binding to the CXCR2 receptor have 

been shown to activate the NF-κB/AKT pathway, resulting in metastasis, angiogenesis, 

growth, and development of breast cancer (Ma et al., 2018). CXCL1 and CXCL5 

production from tumor cells induced by IL-17 increases the suppressive action of 

myeloid-derived suppressor cells (MDSCs) on T cells by upregulating arginase (Arg), 

indoleamine 2,3-dioxygenase (IDO), and prostaglandin-endoperoxide synthase-2 (COX-

2) expression (Welte & Zhang, 2015). As a result, the rise in IL-17 in the cancer-positive 

group corresponded to a significant increase in the number of IL-17-producing cells in 

the tumor site (Ge et al., 2020). 
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Figure 3. Compounds-proteins interaction network analysis (A and D), chemical 

structure (B and E), and target protein (C and F) of cheral’s bioactive compounds.  

 

The decreasing number of Th17 cells in the cisplatin group is in line with a clinical 

study of cervical cancer patients in various stages, which stated that all groups showed a 

decreasing number of circulating Th17 cells after chemoradiotherapy using cisplatin (Liu 

et al., 2021). However, the exact mechanism of cisplatin work in Th17 cells was not 

clearly stated. We suspect the effect is similar to other types of immune cells because of 

its lymphopenic effect and its activity that binds to the target DNA via the Aryl 

hydrocarbon receptor (AhR) transcription factor (Sasaki-Kudoh et al., 2017). Activated 

AhR ligands migrate to the nucleus with the presence of ARNT cofactors, then bind to a 

specific DNA-recognition site in the AhR-responsive gene and promote gene 
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transcription, causing DNA aggregation that can eventually induce cell death (Larigot et 

al., 2018). 

According to the results, compared to the cancer controls group, two cheral dosage 

groups (D2 and D3) demonstrated a lower number of Th17 cells in the mice's spleen with 

no significant change between those treatment groups and DMBA-induced control, while 

the D1 group posessed higher number of IL-17 and Th17 cells. These findings vary from 

previous research that suggests that providing bioactive chemicals may reduce the amount 

of Th17 and IL-17 expressed in cancer. Although the specific mechanism is unknown, 

trans-chalcone from C. zedoaria is predicted to suppress Th17 cytokines in UV-induced 

cancer mice (Kim et al., 2021). P. niruri’s wogonin has been shown to block T cell 

development into Th17 cells (Liao et al., 2021). 

 

 
Figure 4. ADMET characters of cheral’s bioactive compounds  

 

Cheral treatment can improve mouse models' immune responses to cancer to the 

point that they no longer require large levels of IL-17, as evidenced by a decrease in the 

proportion of macrophages secreting IL-17 cytokines in all Cheral therapy groups. 

Cheral's polyphenols and flavonoids work as antioxidants, reducing free radical activity 

in cancerous cells (Kopustinskiene et al., 2020). Furthermore, they possess anti-

inflammatory, anti-tumor, and anti-hepatotoxic properties responsible for reducing the 

relative number of macrophages that generate IL-17 cytokines in the Cheral group 

treatment. Besides, a study showed that the P. niruri extract, the main component of 

cheral, could inhibit urokinase-type plasminogen activator and MMP-2 enzyme activity, 

and ERK1/2 activation (Saahene et al., 2021). Some study also suggests that IL-17 

secreted by Th17 could have anti-tumor rules by increasing the population of cytotoxic 

IFN-γ+CD4+ and IFN-γ+CD8+ T cells in ovarian cancer, signals apoptosis via receptor-

mediated caspaase activation, enhanced CD107a, TNF, IFN-γ, perforin, NKp46, 

NKG2D, and NKp44 expression in NK cells, and instructs the innate and adaptive 

immune system to become cytotoxic (Vitiello and Miller, 2019). It is also reported that 

IL-17 prevented the accumulation of MDSCs in breast cancer tumor tissue by activating 

STAT3 signaling (Karpisheh et al., 2022). Unfortunately, we cannot find any explanation 

for the bioactive compounds from C. zedoaria and P. niruri that keep the population of 

Th17 cells relatively high, nor its mechanism of action. 
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 Cheral extracts attenuate the TGF-β expressing CD4+CD25+ regulatory T cells 

into a normal level 

Various types of cells, including immune cells such as platelet cells, lymphocytes, 

and malignant cells, could release TGF-β. It is also predominantly expressed by activated 

regulatory T cells, which regulate cell proliferation, differentiation, and death (Sun et al., 

2016). Treg cells are capable of secretion of TGF-β, while TGF-β is vital for 

differentiating Treg cells, creating a positive feedback loop (Ashrafizadeh et al., 2020). 

The results demonstrated that the cancer control group's relative number of TGF-β-

expressing CD4+CD25+ T cells rose considerably as compared to the vehicle group 

(Figure 5A and 5C).  

 

 
Figure 5. Immunosuppressive effects of cheral extract toward CD4+CD25+TGF-β+ Treg 

cells (A and C) and B220+ B cells (B and D) in DMBA-induced mouse. The significance 

level was set at p < 0.05. The substantial difference is indicated by different alphabetic 

characters on the graph. 

 

Cancer cells would exploit the Treg population, which has immunosuppressive 

capabilities by suppressing the activity of dendritic, CTL, and NK cells, leading to 

persistent immune infiltration and intensifying the development of breast cancer, 

therefore it is predicted that the relative proportion of Treg cells rose in the DMBA-

induced group (Jean Baptiste et al., 2022, Ohue and Nishikawa, 2019, Togashi et al., 

2019). Recirculating Tregs have a large number of IL2R (CD25), which is critical for 

their formation because it actively binds to IL-2, suppressing the immune response to 

malignant cells or the environment by reducing cytokine production, which also plays a 
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role in tumor growth suppression (Chinen et al., 2016). A surge in TGF-β expression in 

cancer was associated with a comparatively large number of Treg cells. TGF-β- 

expressing regulatory T cells will maintain homeostasis by secreting inhibitory cytokines 

such as IL-35 and IL-10, which are critical in recruiting and fostering M2 cell 

development. TGF-c produced also stimulates the differentiation of naive CD4+ T cells 

into regulatory T cells, resulting in an increase in the number of regulatory T cells 

proportional to the quantity of TGF-β-expressing CD4+CD25+ T cells (Li et al., 2020). 

In the breast cancer model, ROS concentration in the TME is raised due to persistent 

inflammation and oxidative stress induced by DMBA. This condition leads to further 

increased ROS and could drive further TGF-β expression via various signaling pathways, 

including the ROS-sensitive Smad2 pathway (Krstić et al., 2015). By dimerizing IKK, 

the ROS can directly affect the NF-κB activation pathway. The IKK complex can be 

activated because the IKK phosphatase molecule is particularly sensitive to ROS, hence 

phosphorylation of IKK will result in NF-κB activation (Zhang et al., 2016). Meanwhile, 

TGF-β promotes tumor formation by inhibiting transcription factors of pro-apoptotic 

enzymes on cytotoxic T cells such as granzyme A and B, perforin, and Fas ligand. It is 

also thought to suppress APC activity, reducing the activation of CD4+, CD8+ T cells, and 

NK cells, and subsequently promotes anti-tumor activity (Karpisheh et al., 2022, 

Teymouri et al., 2018). 

TGF-β-expression is increased in breast cancer patients, particularly in the later 

stages, because it promotes tumor growth by enhancing tumor invasiveness and 

metastasis (Boye, 2021, Syed, 2016). The relative number of Tregs cells and their TGF-

expression in cheral groups is considerably lower than in the DMBA-induced group, 

notably in the D3 group. Because TGF-β is an autocrine peptide produced by Treg cells 

that is also crucial for Treg development, reduced levels of TGF-β may result in fewer 

Tregs in both the TME and the circulatory system. Curcumin, one of the main constituent 

compounds of cheral, has been linked to various TGF-β signaling pathway suppressing 

activities, such as inhibiting Smad3 interaction with Smad4 and their nuclear 

translocation, downregulating the NF-κB pathway, and suppressing the doxorubicin-

mediated epithelial-to-mesenchymal transition (EMT) pathway, resulting in a lower 

chance of developing chemotherapy-resistant cancer cells (Ashrafizadeh et al., 2020, Yin 

et al., 2019). Corilangin in P. niruri may also stop TGF-β interaction from activating the 

AKT/ERK pathway, hence inhibiting cancer cell proliferation (Saahene et al., 2021). 

According to one study, quercetin, a significant bioactive component found in C. zedoaria 

and P. niruri, inhibits miR-21 to reduce TGF-induced fibrosis and activates the JNK 

pathway to cause death in KRAS-mutant colorectal cancer cells (Li et al., 2019). Those 

effects subsequently inhibit tumor growth and eliminate them, resulting in lower number 

of cancer cells, which also impacts the number of Tregs cells because of TGF-β autocrine 

characteristics. Meanwhile, curcumin suppression of IL-10 may impair CD4+ cell 

development towards Th17 phenotypes. It is also considered to down-regulate CTLA-4, 

a protein on their cell surface that interacts with CD80 molecules, resulting in signal 

transduction from Tregs, and FOXP3, which is critical for T cell development, inhibiting 

the differentiation of naive CD4+ T cells into Tregs cells (Bose et al., 2015, Paul and Sa, 

2021). Curcumin may lower the number of TGF-II receptors and influence the Smad3 

and Smad4 pathways, resulting in a considerable decrease in the relative amount of TGF-

expression by Treg cells (Thacker & Karunagaran, 2015). However, these lower trend 

after administration of cheral on the Tregs number and TGF-β expressed do not seems 

match with the relative number of Th17 cells in previous chapter because the cheral 
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group’s number were insignificant to DMBA-induced group, or even higher. Even though 

TGF-β is one of the main contributors to Th17 differentiation, it seems like there is higher 

influence from other cytokines that we did not measure in this study for the differentiation 

mechanism. 

 

 Cheral extracts decrease the B220+ B cells population into normal level 

B220 antigens represent a subset of mouse CD45 isoforms predominantly 

expressed on all B lymphocytes lineage, including pro-, mature and activated B cells 

(Yam-Puc et al., 2018). It is one of the main components of tumor-infiltrating 

lymphocytes (TILs) in breast cancer (Shen et al., 2018). The cancer control group had the 

highest relative number of B cells, while the cisplatin, D1 and D2 of cheral exhibited a 

significantly lower number of B cells (Figure 5B and 5D). Meanwhile, the group with the 

highest dose of cheral showed nearly identical results to the healthy control group, as seen 

by the lack of significant differences between those treatment groups. The increase of B 

cells population in cancer mouse model is caused by higher concentration of B 

lymphocyte chemoattractant such as CXCL12 and CXCL13, increasing the recruitment 

of B cells to TME (Fridman et al., 2021, Gao et al., 2021, Nagarsheth et al., 2017). It is 

considered that a high amount of tumor-infiltrating B lymphocytes has two opposing 

effects. Its population is associated with a better prognosis in breast cancer because it 

increases T cell responses by releasing effector T cell recruiting cytokine, acting as APCs 

to CTLs in TME, and producing specific antibodies such as IgG and IgA targeting tumor 

antigens, which is an important factor in activating cytotoxic cells via antibody-dependent 

cellular cytotoxicity (Fridman et al., 2021, Nagarsheth et al., 2017). A large proportion 

of B lymphocytes, on the other hand, create antibodies that deposit in precancerous 

lesions, feeding chronic inflammation via Fc receptor (FcR) activation of innate cells 

moving into preneoplastic and neoplastic TME. Furthermore, B cells can limit T cell 

responses by producing immunosuppressive cytokines such as TGF-β and IL-10, which 

are both needed for Treg development and reducing effector T cell responses (Fridman et 

al., 2021, Sarvaria et al., 2017). However, we did not identify the subset of B cells in the 

samples in our investigation since all subsets exhibit B220 molecules on their surface. 

Based on the effects of M2, Th17, and Treg cells, it is postulated that B cells in this 

situation operate as anti-tumor rather than pro-tumor agents. 

Meanwhile, there was a significant drop in B cells’ relative number in cancer 

patients following cisplatin chemotherapy. The drug's effect targeting actively-dividing 

cells may explain the decrease in the relative number of cells following cisplatin 

prescription. Immunocompetent cells actively proliferate in response to cancer 

progression, hence cisplatin reduces the relative number of B cells (Ziebart et al., 2017). 

The results demonstrated that Cheral treatment reduced the relative number of B cells in 

the spleen, affected by the high content of flavonoids and polyphenols, both of which 

have antioxidant properties. We suspect that the subset of B cells that lowered by 

administration of cheral is Breg cells. Flavonoids and polyphenols' antioxidant activity 

reduces the quantity of ROS generated in breast cancer cells by acting as electron 

receptors, destabilizing the ROS, further lower NF-κB activity, and leading to a lower 

number of B lymphocytes (Willenbacher et al., 2019). Curcumin and phyllantin also have 

been demonstrated to limit B cell proliferation, dropping the relative number of B cells 

(Jantan et al., 2019, Willenbacher et al., 2019). Curcumin also can inhibit BKS-2 and the 

expression of the c-myc and egr-1 genes (Giordano and Tommonaro, 2019). Based on 
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this description, it is clear that cisplatin and Cheral can lower the relative number of B 

cells following their administration. 

 

Conclusions 

In this present study, we demonstrated that dietary combined herbs extract of 

Curcuma zedoaria (Christm.) Roscoe and Phyllanthus niruri L.showed ameliorative 

effect on DMBA-induced carcinogenesis mouse model by suppressing several immune 

cells including M2 macrophages, T helper 17 cells, regulatory T cells, and B cells in 

secondary lymphoid organ. Further study need to expand, especially on several immune 

cells subset that responsible in cancer development and progression. 

 

Acknowledgements 

 Authors thank Brawijaya University for supporting and funding this study [M.R.]. 

 

Conflict of Interest 

 No conflict of interest 

 

Author contribution statement 

All the authors declare that the final version of this paper was read and approved. 

The total contribution percentage for the conceptualization, preparation, and 

correction of this paper was as follows: W.E.P., A.M.L.S.M., D.R., D.C., A.H., & M.R. 

100%. 

 

Data availability statement 

The data supporting the results of this study will be made available by the 

corresponding author, upon reasonable request. 

 

References 

 

Asadzadeh, Z., Mohammadi, H., Safarzadeh, E., Hemmatzadeh, M., Mahdian-shakib, A., 

Jadidi-Niaragh, F., Azizi, G., & Baradaran, B. (2017). The paradox of Th17 cell 

functions in tumor immunity. Cellular Immunology, 322, 15–25. 

https://doi.org/10.1016/j.cellimm.2017.10.015    

Ashrafizadeh, M., Zarrabi, A., Hushmandi, K., Zarrin, V., Moghadam, E. R., Hashemi, 

F., Makvandi, P., Samarghandian, S., Khan, H., Hashemi, F., Najafi, M., & 

Mirzaei, H. (2020). Toward Regulatory Effects of Curcumin on Transforming 

Growth Factor-Beta Across Different Diseases: A Review. Frontiers in 

Pharmacology, 11. https://doi.org/10.3389/fphar.2020.585413  

Bose, S., Panda, A. K., Mukherjee, S., & Sa, G. (2015). Curcumin and tumor immune-

editing: Resurrecting the immune system. Cell Division, 10(1), 1–13. 

https://doi.org/10.1186/s13008-015-0012-z 

Boye, A. (2021). A cytokine in turmoil: Transforming growth factor beta in cancer. 

Biomedicine & Pharmacotherapy, 139, 111657. 

https://doi.org/10.1016/j.biopha.2021.111657 

Cendrowicz, E., Sas, Z., Bremer, E., & Rygiel, T. P. (2021). The Role of Macrophages in 

Cancer Development and Therapy. Cancers, 13(8), 1946. 

https://doi.org/10.3390/cancers13081946 



THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

 
15 

 

THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

Chen, Y., Song, Y., Du, W., Gong, L., Chang, H., & Zou, Z. (2019). Tumor-associated 

macrophages: An accomplice in solid tumor progression. Journal of Biomedical 

Science, 26, 78–91. https://doi.org/10.1186/s12929-019-0568-z 

Chinen, T., Kannan, A. K., Levine, A. G., Fan, X., Klein, U., Zheng, Y., Gasteiger, G., 

Feng, Y., Fontenot, J. D., & Rudensky, A. Y. (2016). An essential role for IL-2 

receptor in regulatory T cell function. Nature Immunology, 17(11), 1322–1333. 

https://doi.org/10.1038/ni.3540 

Dijkgraaf, E. M., Heusinkveld, M., Tummers, B., Vogelpoel, L. T. C., Goedemans, R., 

Jha, V., Nortier, J. W. R., Welters, M. J. P., Kroep, J. R., & van der Burg, S. H. 

(2013). Chemotherapy alters monocyte differentiation to favor generation of 

cancer-supporting M2 macrophages in the tumor microenvironment. Cancer 

Research, 73(8), 2480–2492. https://doi.org/10.1158/0008-5472.CAN-12-3542 

Esquivel-Velázquez, M., Ostoa-Saloma, P., Palacios-Arreola, M. I., Nava-Castro, K. E., 

Castro, J. I., & Morales-Montor, J. (2015). The Role of Cytokines in Breast 

Cancer Development and Progression. Journal of Interferon & Cytokine 

Research, 35(1), 1–16. https://doi.org/10.1089/jir.2014.0026 

Fridman, W. H., Petitprez, F., Meylan, M., Chen, T. W.-W., Sun, C.-M., Roumenina, L. 

T., & Sautès-Fridman, C. (2021). B cells and cancer: To B or not to B? Journal 

of Experimental Medicine, 218(1). https://doi.org/10.1084/jem.20200851 

Gao, S.-H., Liu, S.-Z., Wang, G.-Z., & Zhou, G.-B. (2021). CXCL13 in Cancer and Other 

Diseases: Biological Functions, Clinical Significance, and Therapeutic 

Opportunities. Life, 11(12), 1282. https://doi.org/10.3390/life11121282 

Ge, Y., Huang, M., & Yao, Y. (2020). Biology of Interleukin-17 and Its 

Pathophysiological Significance in Sepsis. Frontiers in Immunology, 11, 1–13. 

https://doi.org/10.3389/fimmu.2020.01558 

Gharge, S., Hiremath, S. I., Kagawad, P., Jivaje, K., Palled, M. S., & Suryawanshi, S. S. 

(2021). Curcuma zedoaria Rosc (Zingiberaceae): A review on its chemical, 

pharmacological and biological activities. Future Journal of Pharmaceutical 

Sciences, 7(1), 166. https://doi.org/10.1186/s43094-021-00316-1 

Ghosh, S. (2019). Cisplatin: The first metal based anticancer drug. Bioorganic Chemistry, 

88, 1–20. https://doi.org/10.1016/j.bioorg.2019.102925 

Ghoshdastider, U., Rohatgi, N., Mojtabavi Naeini, M., Baruah, P., Revkov, E., Guo, Y. 

A., Rizzetto, S., Wong, A. M. L., Solai, S., Nguyen, T. T., Yeong, J. P. S., Iqbal, 

J., Tan, P. H., Chowbay, B., Dasgupta, R., & Skanderup, A. J. (2021). Pan-Cancer 

Analysis of Ligand–Receptor Cross-talk in the Tumor Microenvironment. Cancer 

Research, 81(7), 1802–1812. https://doi.org/10.1158/0008-5472.CAN-20-2352 

Giordano, A., & Tommonaro, G. (2019). Curcumin and Cancer. Nutrients, 11(10), 2376. 

https://doi.org/10.3390/nu11102376 

Gun, S. Y., Lee, S. W. L., Sieow, J. L., & Wong, S. C. (2019). Targeting immune cells 

for cancer therapy. Redox Biology, 25. 

https://doi.org/10.1016/j.redox.2019.101174 

Henke, E., Nandigama, R., & Ergün, S. (2020). Extracellular Matrix in the Tumor 

Microenvironment and Its Impact on Cancer Therapy. Frontiers in Molecular 

Biosciences, 6, 1–24. https://doi.org/10.3389/fmolb.2019.00160 

Honkanen, T. J., Tikkanen, A., Karihtala, P., Mäkinen, M., Väyrynen, J. P., & Koivunen, 

J. P. (2019). Prognostic and predictive role of tumour-associated macrophages in 

HER2 positive breast cancer. Scientific Reports, 9(1), 1–9. 

https://doi.org/10.1038/s41598-019-47375-2 



THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

 
16 

 

THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

Jantan, I., Haque, Md. A., Ilangkovan, M., & Arshad, L. (2019). An Insight Into the 

Modulatory Effects and Mechanisms of Action of Phyllanthus Species and Their 

Bioactive Metabolites on the Immune System. Frontiers in Pharmacology, 10, 1–

19. https://doi.org/10.3389/fphar.2019.00878 

Jean Baptiste, S., Le, T. H. Y., Le, T. K. V., Vu, D. N., & Nguyen, D. D. (2022). Anti-

cancer Immune-modulatory Activities of Panax Genus Extracts and Bioactive 

Compounds. Food Reviews International, 38(7), 1461–1484. 

https://doi.org/10.1080/87559129.2020.1817065 

Karpisheh, V., Ahmadi, M., Abbaszadeh-Goudarzi, K., Mohammadpour Saray, M., 

Barshidi, A., Mohammadi, H., Yousefi, M., & Jadidi-Niaragh, F. (2022). The role 

of Th17 cells in the pathogenesis and treatment of breast cancer. Cancer Cell 

International, 22(1), 108. https://doi.org/10.1186/s12935-022-02528-8 

Kim, M. J., Ha, S. J., So, B. R., Kim, C.-K., Kim, K.-M., & Jung, S. K. (2021). NADPH 

Oxidase and Epidermal Growth Factor Receptor Are Promising Targets of 

Phytochemicals for Ultraviolet-Induced Skin Carcinogenesis. Antioxidants, 

10(12), Article 12. https://doi.org/10.3390/antiox10121909 

Kopustinskiene, D. M., Jakstas, V., Savickas, A., & Bernatoniene, J. (2020). Flavonoids 

as Anticancer Agents. Nutrients, 12(2), 457. https://doi.org/10.3390/nu12020457 

Krstić, J., Trivanović, D., Mojsilović, S., & Santibanez, J. F. (2015). Transforming 

Growth Factor-Beta and Oxidative Stress Interplay: Implications in 

Tumorigenesis and Cancer Progression. Oxidative Medicine and Cellular 

Longevity, 2015, 654594. https://doi.org/10.1155/2015/654594 

Larigot, L., Juricek, L., Dairou, J., & Coumoul, X. (2018). AhR signaling pathways and 

regulatory functions. Biochimie Open, 7, 1–9. 

https://doi.org/10.1016/j.biopen.2018.05.001 

Lee, C., Jeong, H., Lee, H., Hong, M., Park, S., & Bae, H. (2020). Magnolol Attenuates 

Cisplatin-Induced Muscle Wasting by M2c Macrophage Activation. Frontiers in 

Immunology, 11. https://doi.org/10.3389/fimmu.2020.00077 

Lewis, S. M., Williams, A., & Eisenbarth, S. C. (2019). Structure and function of the 

immune system in the spleen. Science Immunology, 4(33), eaau6085. 

Li, C., Jiang, P., Wei, S., Xu, X., & Wang, J. (2020). Regulatory T cells in tumor 

microenvironment: New mechanisms, potential therapeutic strategies and future 

prospects. Molecular Cancer, 19(1), 1–23. https://doi.org/10.1186/s12943-020-

01234-1 

Li, Y., Jiang, M., Li, M., Chen, Y., Wei, C., Peng, L., Liu, X., Liu, Z., Tong, G., Zhou, 

D., & He, J. (2019). Compound Phyllanthus urinaria L Inhibits HBV-Related 

HCC through HBx-SHH Pathway Axis Inactivation. Evidence-Based 

Complementary and Alternative Medicine, 2019, 1–15. 

https://doi.org/10.1155/2019/1635837 

Liao, H., Ye, J., Gao, L., & Liu, Y. (2021). The main bioactive compounds of Scutellaria 

baicalensis Georgi. for alleviation of inflammatory cytokines: A comprehensive 

review. Biomedicine & Pharmacotherapy, 133, 110917. 

https://doi.org/10.1016/j.biopha.2020.110917 

Lin, S.-R., Chang, C.-H., Hsu, C.-F., Tsai, M.-J., Cheng, H., Leong, M. K., Sung, P.-J., 

Chen, J.-C., & Weng, C.-F. (2020). Natural compounds as potential adjuvants to 

cancer therapy: Preclinical evidence. British Journal of Pharmacology, 177(6), 

1409–1423. https://doi.org/10.1111/bph.14816 



THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

 
17 

 

THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

Lindsten, T., Hedbrant, A., Ramberg, A., Wijkander, J., Solterbeck, A., Eriksson, M., 

Delbro, D., & Erlandsson, A. (2017). Effect of macrophages on breast cancer cell 

proliferation, and on expression of hormone receptors, uPAR and HER-2. 

International Journal of Oncology, 51(1), 104–114. 

https://doi.org/10.3892/ijo.2017.3996 

Lis-López, L., Bauset, C., Seco-Cervera, M., & Cosín-Roger, J. (2021). Is the 

Macrophage Phenotype Determinant for Fibrosis Development? Biomedicines, 

9(12), Article 12. https://doi.org/10.3390/biomedicines9121747 

Liu, J., Geng, X., Hou, J., & Wu, G. (2021). New insights into M1/M2 macrophages: Key 

modulators in cancer progression. Cancer Cell International, 21(1), 1–7. 

https://doi.org/10.1186/s12935-021-02089-2 

Liu, Y., Guo, Q.-F., Chen, J.-L., Li, X.-R., Hou, F., Liu, X.-Y., Zhang, W.-J., Zhang, Y., 

Gao, F.-F., Zhang, Y.-Z., Cui, B.-X., & Liu, N.-F. (2021). Correlations between 

alterations of T-helper 17 cells and treatment efficacy after concurrent 

radiochemotherapy in locally advanced cervical cancer (stage IIB–IIIB): A 3-year 

prospective study. Chinese Medical Journal, 134(8), 954–962. 

https://doi.org/10.1097/CM9.0000000000001475 

Ma, K., Yang, L., Shen, R., Kong, B., Chen, W., Liang, J., Tang, G., & Zhang, B. (2018). 

Th17 cells regulate the production of CXCL1 in breast cancer. International 

Immunopharmacology, 56, 320–329. 

https://doi.org/10.1016/j.intimp.2018.01.026 

Mazambani, S., Morris, M., & Cheriyath, V. (2019). Epigenome modulated xenobiotic 

detoxification pathways control DMBA-induced breast cancer in agouti Avy/a 

mice. Epigenetics, 14(7), 708–720. 

https://doi.org/10.1080/15592294.2019.1610306 

Nagarsheth, N., Wicha, M. S., & Zou, W. (2017). Chemokines in the cancer 

microenvironment and their relevance in cancer immunotherapy. Nature Reviews. 

Immunology, 17(9), 559–572. https://doi.org/10.1038/nri.2017.49 

Oberg, H.-H., Wesch, D., Kalyan, S., & Kabelitz, D. (2019). Regulatory Interactions 

Between Neutrophils, Tumor Cells and T Cells. Frontiers in Immunology, 10. 

https://doi.org/10.3389/fimmu.2019.01690 

Ohue, Y., & Nishikawa, H. (2019). Regulatory T (Treg) cells in cancer: Can Treg cells 

be a new therapeutic target? Cancer Science, 110(7), 2080–2089. 

https://doi.org/10.1111/cas.14069 

Oshi, M., Tokumaru, Y., Asaoka, M., Yan, L., Satyananda, V., Matsuyama, R., 

Matsuhashi, N., Futamura, M., Ishikawa, T., Yoshida, K., Endo, I., & Takabe, K. 

(2020). M1 Macrophage and M1/M2 ratio defined by transcriptomic signatures 

resemble only part of their conventional clinical characteristics in breast cancer. 

Scientific Reports, 10(1), 1–12. https://doi.org/10.1038/s41598-020-73624-w 

Ozga, A. J., Chow, M. T., & Luster, A. D. (2021). Chemokines and the immune response 

to cancer. Immunity, 54(5), 859–874. 

https://doi.org/10.1016/j.immuni.2021.01.012 

Pandya, P. H., Murray, M. E., Pollok, K. E., & Renbarger, J. L. (2016). The Immune 

System in Cancer Pathogenesis: Potential Therapeutic Approaches. Journal of 

Immunology Research, 2016, 4273943. https://doi.org/10.1155/2016/4273943 

Paul, S., & Sa, G. (2021). Curcumin as an Adjuvant to Cancer Immunotherapy. Frontiers 

in Oncology, 11. https://doi.org/10.3389/fonc.2021.675923  



THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

 
18 

 

THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

Potteaux, S., Lehmann-Che, J., Bensussan, A., Naour, R. L., & Merrouche, Y. (2020). 

Multiple Roles of the Interleukin IL-17 Members in Breast Cancer and Beyond. 

Journal of Cellular Immunology, 2(2), Article 2. 

https://doi.org/10.33696/immunology.1.020 

Pourhanifeh, M. H., Darvish, M., Tabatabaeian, J., Fard, M. R., Mottaghi, R., Azadchehr, 

M. J., Jahanshahi, M., Sahebkar, A., & Mirzaei, H. (2020). Therapeutic role of 

curcumin and its novel formulations in gynecological cancers. Journal of Ovarian 

Research, 13(1), 130. https://doi.org/10.1186/s13048-020-00731-7 

Qian, X., Chen, H., Wu, X., Hu, L., Huang, Q., & Jin, Y. (2017). Interleukin-17 acts as 

double-edged sword in anti-tumor immunity and tumorigenesis. Cytokine, 89, 34–

44. https://doi.org/10.1016/j.cyto.2015.09.011 

Raggi, F., Pelassa, S., Pierobon, D., Penco, F., Gattorno, M., Novelli, F., Eva, A., Varesio, 

L., Giovarelli, M., & Bosco, M. C. (2017). Regulation of Human Macrophage 

M1-M2 Polarization Balance by Hypoxia and the Triggering Receptor Expressed 

on Myeloid Cells-1. Frontiers in Immunology, 8, 1097. 

https://doi.org/10.3389/fimmu.2017.01097 

Rodenak-Kladniew, B., Castro, M. A., Crespo, R., Galle, M., & García de Bravo, M. 

(2020). Anti-cancer mechanisms of linalool and 1,8-cineole in non-small cell lung 

cancer A549 cells. Heliyon, 6(12), e05639. 

https://doi.org/10.1016/j.heliyon.2020.e05639 

Roux, C., Jafari, S. M., Shinde, R., Duncan, G., Cescon, D. W., Silvester, J., Chu, M. F., 

Hodgson, K., Berger, T., Wakeham, A., Palomero, L., Garcia-Valero, M., Pujana, 

M. A., Mak, T. W., McGaha, T. L., Cappello, P., & Gorrini, C. (2019). Reactive 

oxygen species modulate macrophage immunosuppressive phenotype through the 

up-regulation of PD-L1. Proceedings of the National Academy of Sciences, 

116(10), 4326–4335. https://doi.org/10.1073/pnas.1819473116 

Saahene, R. Osei., Agbo, E., Barnes, P., Yahaya, E. S., Amoani, B., Nuvor, S. V., & 

Okyere, P. (2021). A Review: Mechanism of Phyllanthus urinaria in Cancers—

NF-κB, P13K/AKT, and MAPKs Signaling Activation. Evidence-Based 

Complementary and Alternative Medicine : ECAM, 2021, 4514342. 

https://doi.org/10.1155/2021/4514342 

Saeedifar, A. M., Mosayebi, G., Ghazavi, A., Bushehri, R. H., & Ganji, A. (2021). 

Macrophage polarization by phytotherapy in the tumor microenvironment. 

Phytotherapy Research, 35(7), 3632–3648. https://doi.org/10.1002/ptr.7058 

Sarvaria, A., Madrigal, J. A., & Saudemont, A. (2017). B cell regulation in cancer and 

anti-tumor immunity. Cellular & Molecular Immunology, 14(8), 662–674. 

https://doi.org/10.1038/cmi.2017.35 

Sasaki-Kudoh, E., Kudo, I., Kakizaki, Y., Hosaka, M., Ikeda, S.-I., Uemura, S., Grave, 

E., Togashi, S., Sugawara, T., Shimizu, H., & Itoh, H. (2017). Cisplatin Inhibits 

AhR Activation. American Journal of Molecular Biology, 8(1), Article 1. 

https://doi.org/10.4236/ajmb.2018.81006 

Shen, M., Wang, J., & Ren, X. (2018). New Insights into Tumor-Infiltrating B 

Lymphocytes in Breast Cancer: Clinical Impacts and Regulatory Mechanisms. 

Frontiers in Immunology, 9, 470. https://doi.org/10.3389/fimmu.2018.00470 

Siegel, R. L., Miller, K. D., Fuchs, H. E., & Jemal, A. (2022). Cancer statistics, 2022. CA: 

A Cancer Journal for Clinicians, 72(1), 7–33. https://doi.org/10.3322/caac.21708 



THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

 
19 

 

THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

Sun, L., Jin, H., & Li, H. (2016). GARP: A surface molecule of regulatory T cells that is 

involved in the regulatory function and TGF-β releasing. Oncotarget, 7(27), 

42826–42836. https://doi.org/10.18632/oncotarget.8753 

Sun, Y.-S., Zhao, Z., Yang, Z.-N., Xu, F., Lu, H.-J., Zhu, Z.-Y., Shi, W., Jiang, J., Yao, 

P.-P., & Zhu, H.-P. (2017). Risk Factors and Preventions of Breast Cancer. 

International Journal of Biological Sciences, 13(11), 1387–1397. 

https://doi.org/10.7150/ijbs.21635 

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray, 

F. (2021). Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence 

and Mortality Worldwide for 36 Cancers in 185 Countries. CA: A Cancer Journal 

for Clinicians, 71(3), 209–249. https://doi.org/10.3322/caac.21660 

Syed, V. (2016). TGF-β Signaling in Cancer. Journal of Cellular Biochemistry, 117(6), 

1279–1287. https://doi.org/10.1002/jcb.25496 

Teymouri, M., Pirro, M., Fallarino, F., Gargaro, M., & Sahebkar, A. (2018). IL-35, a 

hallmark of immune-regulation in cancer progression, chronic infections and 

inflammatory diseases. International Journal of Cancer, 143(9), 2105–2115. 

https://doi.org/10.1002/ijc.31382 

Thacker, P. C., & Karunagaran, D. (2015). Curcumin and Emodin Down-Regulate TGF-

β Signaling Pathway in Human Cervical Cancer Cells. PLOS ONE, 10(3), 

e0120045. https://doi.org/10.1371/journal.pone.0120045 

Togashi, Y., Shitara, K., & Nishikawa, H. (2019). Regulatory T cells in cancer 

immunosuppression—Implications for anticancer therapy. Nature Reviews 

Clinical Oncology, 16(6), Article 6. https://doi.org/10.1038/s41571-019-0175-7 

Vitiello, G. A., & Miller, G. (2019). Targeting the interleukin-17 immune axis for cancer 

immunotherapy. Journal of Experimental Medicine, 217(1), e20190456. 

https://doi.org/10.1084/jem.20190456 

Welte, T., & Zhang, X. H.-F. (2015). Interleukin-17 Could Promote Breast Cancer 

Progression at Several Stages of the Disease. Mediators of Inflammation, 2015, 

e804347. https://doi.org/10.1155/2015/804347 

Willenbacher, E., Khan, S. Z., Mujica, S. C. A., Trapani, D., Hussain, S., Wolf, D., 

Willenbacher, W., Spizzo, G., & Seeber, A. (2019). Curcumin: New Insights into 

an Ancient Ingredient against Cancer. International Journal of Molecular 

Sciences, 20(8), Article 8. https://doi.org/10.3390/ijms20081808 

Wu, S., Zhu, W., Thompson, P., & Hannun, Y. A. (2018). Evaluating intrinsic and non-

intrinsic cancer risk factors. Nature Communications, 9, 3490. 

https://doi.org/10.1038/s41467-018-05467-z 

Yam-Puc, J. C., Zhang, L., Zhang, Y., & Toellner, K.-M. (2018). Role of B-cell receptors 

for B-cell development and antigen-induced differentiation. F1000Research, 7, 

1–9. https://doi.org/10.12688/f1000research.13567.1 

Yin, J., Wang, L., Wang, Y., Shen, H., Wang, X., & Wu, L. (2019). Curcumin reverses 

oxaliplatin resistance in human colorectal cancer via regulation of TGF-

β/Smad2/3 signaling pathway. OncoTargets and Therapy, 12, 3893–3903. 

https://doi.org/10.2147/OTT.S199601 

Yu, Y., Ke, L., Xia, W.-X., Xiang, Y., Lv, X., & Bu, J. (2019). Elevated Levels of TNF-

α and Decreased Levels of CD68-Positive Macrophages in Primary Tumor 

Tissues Are Unfavorable for the Survival of Patients With Nasopharyngeal 

Carcinoma. Technology in Cancer Research & Treatment, 18, 1–11. 

https://doi.org/10.1177/1533033819874807 



THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

 
20 

 

THIS DOCUMENT IS A PREPRINT (Non-peer-reviewed version). 

 

Zhang, J., Wang, X., Vikash, V., Ye, Q., Wu, D., Liu, Y., & Dong, W. (2016). ROS and 

ROS-Mediated Cellular Signaling. Oxidative Medicine and Cellular Longevity, 

2016, 4350965. https://doi.org/10.1155/2016/4350965 

Zhao, J., Chen, X., Herjan, T., & Li, X. (2020). The role of interleukin-17 in tumor 

development and progression. Journal of Experimental Medicine, 217(1), 

e20190297. https://doi.org/10.1084/jem.20190297 

Zhou, D., Yang, K., Chen, L., Zhang, W., Xu, Z., Zuo, J., Jiang, H., & Luan, J. (2017). 

Promising landscape for regulating macrophage polarization: Epigenetic 

viewpoint. Oncotarget, 8(34), 57693–57706. 

https://doi.org/10.18632/oncotarget.17027 

Zhu, Z., Zhang, H., Chen, B., Liu, X., Zhang, S., Zong, Z., & Gao, M. (2020). PD-L1-

Mediated Immunosuppression in Glioblastoma Is Associated With the Infiltration 

and M2-Polarization of Tumor-Associated Macrophages. Frontiers in 

Immunology, 11, 1–9. https://doi.org/10.3389/fimmu.2020.588552 

Ziebart, A., Huber, U., Jeske, S., Laban, S., Doescher, J., Hoffmann, T. K., Brunner, C., 

Jackson, E. K., & Schuler, P. J. (2017). The influence of chemotherapy on 

adenosine-producing B cells in patients with head and neck squamous cell 

carcinoma. Oncotarget, 9(5), 5834–5847. 

https://doi.org/10.18632/oncotarget.23533  

 

 

 


