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Abstract. Xanthohumol (XN), a prenylflavonoid found in the 
hop plant, Humulus lupulus, exhibits a variety of biological 
activities. Numerous studies have reported that XN inhibits 
the growth of many types of cancer cells, but the effects of XN 
on tumor immunity have not yet been studied. We explored the 
effect of XN on Th1/Th2 balance and the underlying mecha-
nism based on a BALB/c-4T1 breast cancer mouse model. 
The results showed that XN significantly slowed down tumor 
growth and inhibited expression of antitumor proliferation 
protein Ki-67 as well as breast cancer-specific marker cancer 
antigen 15-3 (CA15-3). Flow cytometric analysis revealed 
that XN enhanced the secretion of perforin, granzyme B 
and increased the ratio of CD8+/CD25+. ELISA analysis of 
cytokine results demonstrated that XN obviously upregulated 
Th1 cytokines, while downregulated Th2 cytokines. Th1/Th2 
ratio analysis by flow cytometry illustrated that XN regulated 
the balance drift to Th1 polarization. Western blotting and 
immunohistochemistry (IHC) results manifested that XN 
induced expression of T-bet, a Th1-specific transcription 
factor. Furthermore, we found that XN significantly promoted 
the phosphorylation of signal transducer and activator of 
transcription (STAT)4. Our results demonstrated that XN 
promoted Th1/Th2 balance towards Th1 polarization, and 
STAT4 may play a positive role in the regulation of Th1/Th2 
cytokines by XN.

Introduction

Breast cancer is one of the most frequently diagnosed cancers, 
and is the second leading cause of cancer-related death in 
women, with an estimated 232,670 new cases identified and 
40,000 deaths in the US alone in 2014 (1). Current therapies 
such as surgery, hormone therapy, chemotherapy, radiation 
therapy or complementary therapies are not always effective 
ways for fighting breast cancer, with some causing toxicities 
and unwanted effects. However, to the best of our knowledge, 
natural products have immune regulatory functions and less 
unwanted effects than chemical compounds. Studies have 
reported that natural products have regulatory actions in tumor 
immunity, such as activation of T lymphocytes, facilitation of 
the function of CTL and natural killer (NK) cell secretion of 
cytokines (2-4).

Xanthohumol (XN) is a prenylflavonoid found in hop 
plants (Humulus lupulus) (Fig. 1A), and has various biological 
properties. Previous epidemiologic studies have reported 
that XN reduces the risk of breast, prostate and pancreatic 
cancer (5-7). It can also decrease cell growth by inducing cycle 
arrest and apoptosis, which is dependent upon downregulation 
of Notch signaling pathway in hepatocellular carcinoma and 
human pancreatic cancer cells (8,9), as well as inhibition of 
nuclear factor-κB (NF-κB) activation (10). Nevertheless, to the 
best of our knowledge, there has been no study on XN and 
tumor immunity.

Helper T lymphocytes are in a core position with respect 
to tumor immunity. According to the type of cytokines 
secreted, they can be divided into mainly two subsets: Th1 
and Th2, which differentiate from naive T lymphocytes 
(Th0) (11). Th1 effector cells produce characteristic cytokines 
interleukin (IL)-2, interferon (IFN)-γ and tumor necrosis 
factor (TNF)-α, which primarily mediate cellular immunity, 
including antitumor immunity. In addition, Th2 effector cells 
produce IL-4, IL-5, IL-6, IL-10 and IL-13, which mediate 
humoral immunity and promote antibody production (12). The 
Glimcher research team (Harvard University) isolated T-bet 
(T-box protein expressed in T cells), a Th1-specific transcrip-
tion factor involved in Th1 differentiation and transformation, 
in 2000 (13). GATA-binding protein-3 (GATA-3) belongs to 
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the GATA family transcription factors and is a zinc-finger 
DNA binding protein. It is a Th2-specific transcription factor 
and is involved in Th2 differentiation and transformation (14). 
Furthermore, it is particularly notorious that T cells express 
GATA-3 through two pathways, which are both dependent on 
STAT6. However, there are different modes of activation of 
STAT6: one is auto-activation (15), and the other is activated 
by IL-4 and T cell receptor (TCR) in co-simulation (16). Recent 
research has shown that T cells also express T-bet through two 
pathways, one is dependent on STAT4, which is activated by 
IL-12, and the other is dependent on STAT1, which is acti-
vated by IFN-γ (17). Under normal circumstances, Th1 and 
Th2 cytokines maintain a relative balance, which is important 
for maintenance of immune equilibrium. However, when 
dysfunction occurs, the balance is disturbed, known as ‘the 
shifting of Th1/Th2 balance’ (18). In addition, this may cause 
different types of diseases, such as cancer (19-21), AIDS (22) 
and autoimmune diseases (23). When the balance drifts from 
Th1 to Th2, it may cause antitumor immunosuppression (24).

Our previous research suggested that XN inhibits breast 
cancer cell survival via modulating the Notch signaling 
pathway in vivo and in vitro (25). Meanwhile, preliminary test 
results demonstrated that XN enhanced expression of T-bet 
and weakened expression of GATA-3. These results led us to 
believe that XN exerts various effects on Th1/Th2, and we 
explored the underlying effects in the present study.

Materials and methods

Reagents and antibodies. XN (purity >98.6%) was provided 
by Yumen Tuopu Science and Technology Development LLC 
(Yumen, China), in accordance with the chemical structure of 
XN as shown in Fig. 1B. Anti-mouse CD3 (FITC), anti-mouse 
CD4 (PE), anti-mouse CD8 (PE), anti-mouseCD25 (APC), 
anti-mouse IL-4 (APC), anti-mouse IFN-γ (DAPI), anti-mouse 
perforin (FITC), anti-mouse granzyme B (FITC), flow cytom-
etry staining buffer, fixation/permeabilization concentration, 
fixation/permeabilization diluent and permeabilization buffer 
were purchased from eBioscience, Inc. (San Diego, CA, USA). 
Mouse IL-2, mouse IL-4, mouse IL-10 and mouse IFN-γ ELISA 
kits were purchased from Elabscience Biotechnology Co., Ltd. 

(Wuhan, China). Anti-T-bet and anti-GATA-3 antibodies were 
purchased from Abcam (Cambridge, UK). Ki-67 (D3B5) was 
purchased from Cell Signaling Technology (CST; Boston, 
MA, USA). Anti-phospho-STAT4 (Tyr693), anti-STAT4, anti-
STAT6, and anti-phospho-STAT6 (Tyr641) were purchased 
from Biosynthesis Biotechnology Co., Ltd. (Beijing, China). 
Total protein extraction kit was purchased from BestBio Co., 
Ltd. (Shanghai, China). Mouse 1X lymphocyte separation 
medium was purchased from Dakew (Shenzhen, China).

Cell line and animals. The 4T1 cell line was purchased from 
the China General Microbiological Culture Collection Center 
(Shanghai, China). The 6- to 8-week-old BALB/c female mice, 
weighing 18±2 g, were purchased from Lanzhou Veterinary 
Research Institute (Chinese Academy of Agricultural Sciences, 
Lanzhou, China). All the animals were acclimatized for one 
week. Living environment was maintained under controlled 
conditions (24±2̊C, 50±10% relative humidity, with a rhythm 
of 12 h light/dark cycles).

Treatment of mice. All animal methods in the experiments 
were in line with ‘Guidelines for the Humane Treatment of 
Laboratory Animals’, which was issued by the Ministry of 
Science and Technology of the People's Republic of China in 
2006.

Mice were randomly assigned into five groups and named 
the healthy, control, 25 mg/kg XN and 50 mg/kg XN groups, 
and 10 mg/kg cyclophosphamide (Cy) group. Cy has been 
reported to shift Th1/Th2 immune response from Th2 to 
Th1 (26,27); we used it as a positive treatment. A mouse model 
of breast cancer was constructed by subcutaneous injection of 
4T1 cells (1x105-106 cells/ml) into the right posterior leg. Drugs 
and solvent were administered by gavage after three days of 
injection, and treatment was administered for two weeks. The 
healthy and control groups received only solvent. The treat-
ment schedule is shown in Fig. 1C. Two weeks later, mice were 
anesthetized with ether and peripheral blood was collected 
by removal of the eyeballs. Finally, tumors and spleens were 
removed from the mice.

Calculation of the tumor volume (V) was as follows: 
Vtumor = (L x W2)/2 (L, is the longest diameter; W, is the shortest 

Figure 1. Drug and treatment schedule. (A) Image of hops. (B) Chemical structure of xanthohumol (XN). (C) Treatment schedule in the present study.
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diameter) (28), and the diameters were measured by electronic 
calipers. Tumor inhibitory rate = (tumor weight of treatment 
group - tumor weight of control group)/tumor weight of control 
group x 100%. Rate of body weight change = (body weight at 
the end of experiment - body weight at the beginning of exper-
iment)/body weight at the beginning of experiment x 100%. 
The above experiments were performed at least three times.

Western blot analysis. We homogenized the tumor tissues 
and obtained total protein using a total protein extraction kit. 
Sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) (12%) was performed on 30 µg of each sample 
protein, and then the samples were transferred to polyvinyli-
dene difluoride membranes (Millipore, Bedford, MA, USA). 
Blocking of non-specific protein occurred at room tempera-
ture in Tris-buffered saline-Tween-20 (TBST; TBS containing 
0.01% Tween-20)-5% non-fat milk. Following incubation with 
the primary antibody at 4̊C overnight, incubation with the 
secondary antibody was carried out at room temperature for 
4 h. Membranes were washed with TBST for 5x5 min and 
peroxidase activity was visualized with an enhanced chemi-
luminescence western detection system (Perkin-Elmer Life 
Sciences, Boston, MA, USA).

Immunohistochemistry (IHC) and histopathologic analysis. 
Tumor tissues (3 µm) were cut and fixed in formalin buffer 
after being paraffin-embedded. Paraffin-embedded cancer 
tissue sections were deparaffinized and dewatered first. Then, 
slides were incubated with 0.3% H2O2 for 10 min and washed 
with ddH2O for 3x3 min. Antigen retrieval was undertaken in 
a pressure cooker for 10 min with 0.01 M citrate buffer and 
washed with phosphate-buffered saline (PBS) for 3x5 min. 
Bovine serum albumin (BSA) (5%) was applied to the 
specimen sections to block non-specific protein for 20 min at 
room temperature. The primary antibody was incubated for 
2 h at 37̊C and washed with PBS for 3x3 min. After washing, 
specimen slides were incubated with the secondary antibody 
for 20 min at 37̊C and washed with PBS for 3x3 min. Finally, 
the specimen slides subsequently underwent 3,3'-diaminoben-
zidine (DBA) staining for 10 min. Slides were assessed using 
microscopy; positive cells are shown in brown or yellow and 
cell nuclei are shown in blue.

Flow cytometric analysis. The spleen from each sacrificed 
mouse was aseptically removed and put into a 35-mm culture 
dish containing cold PBS. Total lymphocytes were sepa-
rated using the Mouse 1X Lymphocyte Separation Medium. 
Then, the lymphocytes were resuspended at a concentration 
of 1x107 cells/ml and transferred (100 µl) to a 1.5 ml tube. 
The antibody was then labeled. For the Th1 and Th2 subset 
analysis, Th1 subsets were labeled as CD3+CD4+IFN-γ+, 
Th2 subsets were labeled as CD3+CD4+IL4+ (29,30). The 
ratio of Th1/Th2 = percentage of CD4+IFN-γ+/percentage of 
CD4+IL4+. Cell surface antigens CD3 and CD4 were labeled in 
the dark for 30 min. Then, cells were fixed and permeabilized 
in fixation/permeabilization mixture in dark for 1 h. Lastly, the 
anti-mouse IFN-γ and IL4, which are intracellular antigens, 
were incubated in the dark for 30 min. For the perforin and 
granzyme B subset analysis, splenic lymphocytes were fixed 
and permeabilized first, and then the anti-mouse perforin and 

granzyme B antibodies, which are also intracellular antigens, 
were incubated in the dark for 30 min. For the CD8 and CD25 
subset analysis, the CD8 subset was labeled as CD3+CD8+, and 
the CD25 subset was labeled as CD3+CD25+. After antibodies 
were labeled, lymphocytes were fixed in 1% paraformalde-
hyde, and detected by flow cytometer. The above procedures 
were performed on ice and repeated at least three times.

ELISA analysis. Serum was separated from peripheral blood 
via centrifugation (12,000 rpm, 10 min, 4̊C) and stored at 
-20̊C. Four cytokines (IL-2, IL-4, IL-10 and IFN-γ), and the 
key tumor-specific markers (CA15-3) were detected using 
mouse cytokines ELISA kit. All steps were followed in 
accordance with the manufacture's protocol. The cytokines 
and marker were detected within seven days after serum 
separation, and above procedures were performed on ice and 
repeated at least three times.

Statistical analysis. Values are presented as mean ± stan-
dard deviation (SD) and analyzed by one-way analysis of 
variance (ANOVA) using GraphPad Prism 5. The results 
of f low cytometry were analyzed using FlowJo 7.6.1. 
Grayscale quantitative analysis was performed using Image 
Pro-Plus 6.0. Probability values <0.05 were considered to 
indicate statistical significance.

Results

XN inhibits breast cancer growth in a mouse model. Body 
weight, tumor volume and tumor weight were assessed to 
evaluate the effects of XN on breast cancer. As shown in 
Fig. 2A and B, the tumor growth of the XN-treated groups was 
evidently slower than that noted in the control group. Fig. 2D 
shows that tumor weight was significantly decreased in the 
50 mg/kg XN-treated group compared with the control group 
(p=0.036). Meanwhile, Table I shows that inhibitory rate of 
tumor growth in the 25 and 50 mg XN groups and Cy-treated 
group was 25.68, 37.72 and 29.85%, respectively. Body weight 
did not obviously change in the four groups (Fig. 2C), while 
10 mg/kg Cy caused negative growth rate (-0.93%) (Table I).

XN inhibits the expression of Ki-67 and CA15-3 in the mouse 
model. CA15-3 and antigen Ki-67 are the most common 

Table I. Effects of XN on body weight and tumor growth in the 
BALB/c-4T1 mice.

  Tumor Inhibitory Rate of body
Dose No. of weight rate weight change
(mg/kg) mice (g) (%) (%)

0 (Healthy) 11 - - +6.01
0 (Control) 11 0.732±0.21 - +1.20
25 XN 10 0.544±0.23 25.68 +2.96
50 XN 10 0.456±0.22 37.72 +1.90
10 Cy 10 0.514±0.21 29.85  -0.93

Calculation methods for tumor inhibition rate and body weight change are 
provided in Materials and methods. XN, xanthohumol.
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markers for breast cancer (31,32). IHC analysis (Fig. 3A) 
showed that expression of Ki-67 in the tumor tissues was 
significantly inhibited after treatment. Concomitantly, we 
detected the concentration of CA15-3 in serum using mouse 
CA15-3 ELISA kit. Results demonstrated that the CA15-3 
level in the control group was evidently higher than levels 
in the other groups (p<0.05) (Fig. 3B). These results demon-
strated that XN restrained the growth of breast cancer cells in 
the mouse model.

XN activates CTL responses in the mouse model. CTL 
responses are very important for cellular immunity, and it is 

associated with Th1 polarization (19). The ratio of CD8+/CD25+ 
lymphocytes was detected by flow cytometry. As shown in 
Fig. 4A and D-a, XN increased the ratio of CD8+/CD25+ when 
compared with that noted in the control group. Fig. 4B, C and 
D-b and -c indicate that expression of perforin and granular 
enzyme B were also markedly upregulated by treatment with 
XN (compared with control group, all p<0.05).

XN promotes the Th1/Th2 balance drift to Th1 polarization in 
the mouse model. Numerous studies have shown that cancer 
disrupts the Th1/Th2 balance, and this is known as ‘balance 
shifting’ (33-35). IFN-γ and IL-4 are pivotal cytokines 

Figure 3. Effect of xanthohumol (XN) on breast cancer markers in the mouse model. (A) IHC of Ki-67 in tumor tissue (magnification, x20). (B) Levels of 
CA15-3 in serum. *p<0.05, **p<0.01, ***p<0.001.

Figure 2. Effect of xanthohumol (XN) on tumor growth and progression in the mouse model. (A) Tumors from BALB/c-4T1 tumor-bearing mice under dif-
ferent treatment conditions. (B) Changes in tumor volume during the experiment. (C) Curves of body weight during the experiment. (D) Histogram of tumor 
weight at the end of the experiment. *p<0.05; ns, not significant.
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which are produced by Th1 and Th2 cells, respectively. We 
investigated Th1 and Th2 cytokines in serum by ELISA 
kit. As shown in Fig. 5, expression of Th1 cytokines IL-2 
and IFN-γ was markedly enhanced; in contrast, expression 
of Th2 cytokines, (including IL-4 and IL-10) was evidently 
weakened after XN therapy (p<0.05). Fig. 6A and B show 
the flow cytometric analysis of Th1 (CD4+IFN-γ+) and Th2 
(CD4+IL4+) cells, respectively. Fig. 6C-a and -b indicates 
that the percentage of Th1 cells was significantly increased, 
while the percentage of Th2 cells was markedly decreased 
after treatment with 50 mg/kg XN (compared with control 
group, p<0.05). Fig. 6C-c indicates that the ratio of Th1/Th2 
in the 50 mg/kg XN-treated group was significantly increased 
compared with the control group (p<0.05).

XN activates STAT4, a pivotal factor in Th1 differentiation, 
in the mouse model. Based on the above results, XN regulated 
the Th1/Th2 balance drifting to Th1, indicating that there 
may be merit in exploring the mechanisms of the balance 
drifting. We examined expression levels of key proteins in 
Th1 and Th2 development with western blotting and IHC, 
respectively. As shown in Fig. 7 the expression of T-bet 
and p-STAT4 were markedly enhanced, while GATA-3 was 
significantly weakened (p<0.05). Meanwhile, p-STAT6 did 
not obviously change (p>0.05). Simultaneously, the results of 
IHC corroborated those of western blotting. The above results 
indicated that STAT4, mediating Th0 differentiate to Th1, 
may be involved in the influence of the Th1/Th2 balance by 
XN.

Figure 4. Effect of xanthohumol (XN) on cytotoxic T lymphocyte (CTL) responses in the mouse model. Isolated T lymphocytes by lymphocyte separation 
medium from the spleen; each experiment was repeated at least three times and the counted cell number was 200,000 in each sample. (A-C) Detection of CD8+/
CD25+, perforin and granzyme B by flow cytometry. (D) Statistical analysis of the results of flow cytometry, including (a) the ratio of CD8+/CD25+; (b) perforin 
and (c) granzyme B. *p<0.05, **p<0.01, ***p<0.001. ns, not significant.
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Figure 5. Effect of xanthohumol (XN) on Th1/Th2 cytokines in the mouse model. (A-D) Th1 and Th2 cytokines were detected using ELISA in serum, 
including IFN-γ, IL-2, IL-4 and IL-10. *p<0.05, **p<0.01, ***p<0.001. ns, not significant.

Figure 6. Effect of xanthohumol (XN) on Th1/Th2 balance in the mouse model. Isolated T lymphocytes by lymphocyte separation medium from the spleen. 
Each experiment was repeated at least three times and the counted cell number was 200,000 in each sample. (A and B) Detection of Th1 and Th2 cells by 
flow cytometry. (C) Statistical analysis of (a) Th1 and (b) Th2 cell proportions and (c) the ratio of Th1/Th2. *p<0.05, **p<0.01, ***p<0.001. ns, not significant.
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Discussion

Th1/Th2 is closely related to a variety of tumors (33,36,37), 
and it is also one of the hotspots in immunological therapy 
of malignancy. In the present study, we demonstrated that 
xanthohumol (XN), a prenylflavonoid found in the hop plant 
Humulus lupulus, inhibited tumor growth, enhanced Th1 
cytokines and promote Th1/Th2 balance drifting to Th1 
population in a breast cancer mouse model. Consistent with 
a previous study, both XN and combination therapy (ginseng 
polysaccharides and dendritic cells) caused an increase in the 
Th1 population (35). In addition, we observed the underlying 
mechanisms and found that XN activated STAT4 when Th1 
cytokines were upregulated.

XN exhibits many biological properties, including anti-
obesity (38), anti-hyperlipidemia (39), anti-angiogenic (40), 
pro-apoptosis and modulation of autophagy (8), anti-inva-
sion (41) and anti-inflammatory activities (42). A previous 
study concerning the safety profile of XN revealed that 
1,000 mg/kg XN feeding did not impair the function of major 
organs and homoeostasis in the mouse (43). Choi et al (44) 
suggested that XN may increase IL-2 production in T cells, 
which means that XN may promote an immune response 
mediated by Th1. Cho et al (45) revealed that XN inhibits 
IL-12, which indirectly promotes differentiation of Th1 in the 
immune system by activating transcription (STATs) molecules. 
In physiological condition, Th1 and Th2 maintain a relative 
dynamic balance, but when organisms are in a morbid state, 

the balance may be broken (18). These results raise a potential 
link between XN and Th1/Th2, and this appears to be a field 
worthy of investigation.

The cytotoxic T lymphocyte (CTL) is a type of crucial 
effector cell in cellular immunity, and plays an important 
role in the process of antitumor immunology. CD8+ CTL 
exists as a form of CTL-P, which is a non-activated precursor 
cell in vivo. CTL-Ps are activated by related-antigen and in 
assistance of Th1 cytokines, and then develop into mature 
CTLs (30). Liao et al (19) reported that relative CD8+/CD25+ 
cells were evidently increased following Th2 to Th1 transition 
in the tumor microenvironment. Liu et al (46) showed that the 
ratio of CD8+/CD25+ T cells was significantly increased when 
the CTLs were activated by CoCl2 in the 4T1 cell line. The 
present study demonstrated that the ratio of CD8+/CD25+ was 
observably increased in the T lymphocyte subset in the spleen 
in breast cancer-bearing mice; meanwhile, an increase in 
expression of perforin and granular enzyme was also detected. 
The above results revealed that CTLs were activated.

The function of Th1 and Th2 cells depends on the secre-
tion of different cytokines. To investigate the effects of XN 
on Th1/Th2 cytokines, we detected serum levels of cytokines 
associated with Th1 and Th2 using ELISA kits. Our findings 
showed that XN significantly increased expression of Th1 cyto-
kines (including IL-2 and IFN-γ), and decreased levels of Th2 
cytokines (including IL-4 and IL-10). This is understandable 
due to the fact that Th1 and Th2 are mutually inhibitory (47). 
Moreover, we detected the ratio of Th1/Th2 cytokines by flow 

Figure 7. Effect of xanthohumol (XN) on expression of Th1/Th2-specific transcription factor T-bet, GATA-3 and p-STAT4 and p-STAT6 in tumor tissues. 
Tumors were removed, and a portion was frozen at -80̊C for protein extraction, and another portion was fixed in buffered formalin for IHC. (A) Western 
blotting of T-bet, GATA-3, p-STAT4 and p-STAT6 in tumor tissue. (B) quantitative analysis of expression of p-STAT4 and p-STAT6. (C) IHC of T-bet and 
p-STAT4 in tumor tissue (magnification, x20). *p<0.05, **p<0.01. ns, not significant.
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cytometry and found that the ratio was markedly elevated by 
XN. Similar studies have been reported in a variety of tumors. 
Sparano et al (48) reported that patients with advanced head 
and neck squamous cell carcinoma apparently have a decrease 
in Th1 cytokines compared with less advanced patients, while 
an increase in Th2 cytokines. Liao et al (19) found that combi-
nation therapy promoted cytokine transition from Th2 to Th1 
in the tumor microenvironment. The above results indicate that 
an imbalance of Th1/Th2 cytokines is extensively observed in 
many types of tumors and most usually in advanced cancers.

To confirm the potential mechanism of XN on Th1/Th2 
cytokines further, we determined expression of key factors 
in the pathway of Th1 and Th2 differentiation. Th0 cells 
differentiate to Th1 and Th2 cells proportionally in the 
physiological condition (29). In addition, it has been proved 
that activated STAT4 and STAT6 play an irreplaceable 
role in the pathway of Th0 differentiation to Th1 and Th2, 
respectively (49). However, T-bet and GATA-3 are also pivotal 
in the two pathways (50,51). Chen et al (52) reported that 
CpG-ODN (cytosine-phosphorothioate-guanine containing 
oligodeoxynucleotide), a strong Th1 adjuvant, decreased the 
expression of GATA-3 and STAT6 by activating T-bet, STAT1 
and STAT4 in a lung cancer mouse model. Guo et al (29) found 
that mangiferin may be attributed to the modulation of Th1/
Th2 cytokine imbalance via inhibiting the STAT6 signaling 
pathway in an asthmatic mouse model. In the present study, the 
results showed that XN enhanced expression of T-bet, while 
reduced GATA-3. Furthermore, STAT4 was activated by XN, 
but there was no significant effect on the level of p-STAT6. 
This suggests that STAT4 may play a positive role in the regu-
lation of XN on Th1/Th2 cytokines.

In summary, the present study illustrated that XN enhanced 
the Th1 immunity response, which appears to be more effective 
in mediating anticancer function. In addition, a pivotal molecule 
in the differentiation of Th1, STAT4, was concurrently acti-
vated, but the underlying mechanisms are still unclear. These 
results demonstrated that XN may be a promising candidate 
for breast cancer treatment. Nevertheless, further study must 
be carried out in different mouse cancer models and molecular 
docking is required to confirm the active site of XN.
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