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Abstract
Background: The five-year survival rate of breast cancer is bleak because of the predilection for bone
metastasis. Tumor-associated macrophages are involved in tumor metastasis and are divided into two
antagonistic types, M1 and M2. This study aimed to detect the anti-tumor effect of the modified Sijunzi
decoction (MSJZD) in a mouse model of breast cancer and explore whether MSJZD inhibited tumor
metastasis by regulating macrophage polarization.
Materials and methods: A luciferase-expressing mouse breast cancer cell line Luc-4T1 was inoculated
into the right mammary fat pad of mice to establish a Balb/c mouse model of breast cancer. After
inoculation for 24 h, the mice were randomly divided into the MSJZD group and control group (n = 5 per
group). The mice in the MSJZD group were gavaged with 0.77 g/mL MSJZD once daily for 35 days,
whereas those in the control group were administered the same volume of normal saline. Subsequently,
the effects of MSJZD on tumor growth and macrophage polarization were investigated.
Results: On day 35, MSJZD reduced tumor growth in the mouse model of breast cancer. Flow cytometry
showed that the M1 marker (inducible nitric oxide synthase+) was increased in the MSJZD group relative
to that in the control group, whereas the M2 marker (CD206+) did not exhibit significant differences
between the two groups. The results indicated that MSJZD promoted macrophage polarization into the
M1 phenotype.
Conclusions: Our findings showed that MSJZD promoted macrophage polarization into the M1
phenotype, thus inhibiting tumor growth and metastasis in breast cancer.

Introduction
Breast cancer is one of the most common malignancies in women worldwide. In 2015, it was estimated
that approximately 231,840 newly diagnosed invasive cases and 40,290 deaths occurred in the United
States (1). Most breast cancer patients are diagnosed at an advanced stage, and the predilection for bone
metastasis greatly affects the five-year survival rate (< 10%) (2, 3). Therefore, it is imperative to explore
effective treatments to prevent the progression of breast cancer.
Tumor-associated macrophages (TAMs) are a major component of leukocytic infiltrate of tumors and
play important role in cancer-related inflammation (4, 5). According to the activation type of
macrophages, TAMs can be divided into two antagonistic phenotypes: pro-immune (M1) and pro-immune
(M1) phenotypes (6, 7). M1 macrophages aggressively destroy tumor cells and impact anti-tumor effects
by releasing pro-inflammatory cytokines, whereas M2 macrophages promote tumor growth and
metastasis by regulating immune inhibitory signaling molecules (8, 9). It is reported that TAMs can recruit
to the tumor site and thus promote tumor angiogenesis and metastasis, especially being polarized into
M2 phenotype by the tumor microenvironment (10). Moreover, TAMs provide an ideal therapeutic target
for suppressing tumor progression after being polarized to a M1 phenotype (11–13). Reversing the
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polarization of TAMs from M2 to M1 phenotypes may be a potential therapeutic strategy for human
cancers.
Traditional Chinese medicine (TCM) has been popularly used for the prevention and treatment of various
cancers over a long period of time (14–16). It is widely applied as an adjuvant therapy alongside main
treatments, such as chemotherapy and radiotherapy, in the treatment of advanced cancers, and has been
shown to reduce the toxicity and side effects of chemotherapy (17, 18). Because of its anti-tumor effects,
a growing body of TCM has gained international recognition and acceptance (19). TCM is also
increasingly employed as an adjunctive therapy for breast cancer (20, 21). Further identification of the
effect of TCM on breast cancer may provide novel strategies for tumor therapy. Sijunzi decoction is a
basic prescription for strengthening the spleen and replenishing qi (22) that has been reported to exhibit
anti-tumor activity (23). Sijunzi decoction-treated rat serum has been shown to have growth inhibitory
effects on side population cells by inducing cell apoptosis in gastric carcinoma (23). However, there is no
report on the use of Sijunzi decoction in the treatment of breast cancer and the underlying regulatory
mechanisms involved therein. Whether Sijunzi decoction prevents breast cancer development via
regulating macrophage polarization into M1 phenotype is largely unknown.
In this study, we aimed to explore the effects of modified Sijunzi decoction (MSJZD) in the treatment of
breast cancer. Luciferase-expressing Luc-4T1 mouse breast cancer cells were inoculated into the right
mammary fat pad of female Balb/c mice to establish a mouse model of breast cancer. Subsequently, the
effects of MSJZD on tumor growth and macrophage polarization in the mouse model of breast cancer
were investigated. We found that MSJZD played critical roles in the treatment of breast cancer and might
provide new strategies for disease treatment.

Materials And Methods

Preparation of MSJZD
MSJZD is composed of ginseng (15 g; the place of origin is Gansu, China; purchased from Hangzhou
huadong traditional Chinese medicine yinpian co., Ltd., Zhejiang, China), atractylodes (12 g; the place of
origin is Zhejiang, China; purchased from Zhejiang qianwang traditional Chinese medicine co. Ltd.,
Zhejiang, China), Poria cocos (15 g; the place of origin is Anhui, China; purchased from Zhejiang zoli
baicao decoction piece co. Ltd., Zhejiang, China), honey-fried licorice root (6 g; the place of origin is
Xinjiang, China; purchased from Hangzhou huadong traditional Chinese medicine yinpian co., Ltd.,
Zhejiang, China), zedoary (12 g; the place of origin is Guangxi, China; purchased from Quzhou nankong
traditional Chinese medicine co., Ltd., Zhejiang, China), and fruit of five-leaf akebia (15 g; the place of
origin is Hubei, China; purchased from Zhejiang yingte traditional Chinese medicine yinpian co. Ltd.,
Zhejiang, China). These herbs were immersed in distilled water for 2 h, decocted, filtered, condensed to
0.77 g/mL with a routine method, and kept at 4℃ for use.

Establishment of the mouse model of breast cancer
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Ten 8-week-old female Balb/c mice weighing 20 ± 2 g (purchased from the Laboratory Animal Center of
Zhejiang Chinese Medical University) were maintained in a specific-pathogen-free room at constant
temperature (24°C ± 2°C) and humidity (55% ± 5%) under a 12/12-h light/dark cycle. Luciferaseexpressing Luc-4T1 breast cancer cells derived from the epithelium of female Balb/c mice (Caliper Life
Sciences, Hopkinton, MA) were inoculated into the right mammary fat pad of anesthetized mice at a dose
of 5 × 106 cells/mL in 0.1 mL of normal saline per animal. After inoculation for 24 h, the mice were
randomly divided into the MSJZD group and control group (n = 5 per group). The mice in the MSJZD
group were gavaged with 0.77 g/mL MSJZD once daily for 35 days. The mice in the control group were
administered the same volume of normal saline. On day 35, the mice were sacrificed by cervical
dislocation, and the tumors were harvested and weighed. The animal experiments were conducted with
the approval of the Institutional Animal Care and Use Committee of Zhejiang Chinese Medical University.

In vivo image analysis
To detect tumor growth and metastasis, in vivo imaging study was performed on days 15, 22, 29, 32, and
35. The mice were intraperitoneally injected with 1.5 mg/10 g body weight of fluorescent DiD oil. Six
hours after the injection, the mice were anesthetized via isoflurane inhalation and imaged using a Caliper
Life Sciences in vivo imaging system (MA, USA). By means of living imaging software (version 4.3.1,
Xenogen, Alameda, USA), image display analysis was conducted and data were collected by drawing
regions of interest on the subcutaneous tumors. By calculating the number of photons emitted from the
tumor site of the mice, the fluorescence intensity (radiance) was measured.

Macrophage quantification by flow cytometry
After 35 days, TAMs were analyzed by flow cytometry based on the amount of M1/M2 macrophages. For
cell sorting, the mouse tumor cells were harvested by trypsinization with 0.25% trypsinethylenediaminetetraacetic acid (Invitrogen; Thermo Fisher Scientific, Inc.) and then re-suspended in prewarmed (37°C) Dulbecco's modified Eagle's medium (Gibco; Thermo Fisher Scientific, Waltham, MA, USA)
containing 2% fetal bovine serum. The density of the cells was adjusted to 1 × 106 cells/mL and the cells
were passed through 40-µm cell strainers (BD Falcon; BD Biosciences, San Jose, CA, USA) to obtain
single cell suspensions. To characterize the infiltration of M1 and M2 macrophages, the cells were
stained for 20 min at room temperature with the following antibodies: phycoerythrin anti-mouse F4/80
(BioLegend, San Diego, CA), rabbit anti-human inducible nitric oxide synthase (iNOS, eBioscience, San
Diego, CA, USA), and mouse anti-human CD206 (BioLegend). The cells were then subjected to flow
cytometry on a BD FACSCantoII apparatus (BD Biosciences) and the data were analyzed using the
CellQuest software.

Statistical analysis
The measurement data obtained from at least three independent assays in each experiment were
expressed as the mean ± standard deviation. Statistical differences between two groups were compared
through one-way analysis of variance. All statistical analyses were conducted using the SPSS Statistics
17.0 software (IBM, Armonk, NY, USA). Statistical significance was indicated when P < 0.05.
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Results

MSJZD reduced tumor growth in the mouse model of
breast cancer
On day 35, the tumors were harvested from the control and MSJZD-treated mice and the tumor weights
were 952.465 ± 316.657 and 785.091 ± 171.853 mg, respectively. The tumor weight and size of the
MSJZD-treated mice were slightly lower than those of the control mice, but there were no significant
differences (Fig. 1A). In vivo imaging performed on the tumor-induced mice on days 15, 22, 29, 32, and 35
revealed that the numbers of photons emitted from the tumor site of the MSJZD-treated mice were 5.54 ±
5.84, 9.44 ± 5.07, 6.43 ± 4.41, 17.45 ± 3.23, and 1.54 ± 0.31 (×106, photons/s/cm2/sr), respectively; and
those in the control group were 2.22 ± 1.43, 2.92 ± 1.94, 2.78 ± 1.93, 3.68 ± 1.65, and 1.55 ± 0.29 (×106,
photons/s/cm2/sr), respectively (Fig. 1B).

MSJZD promoted macrophage polarization into M1
phenotype
The effect of MSJZD on macrophage polarization was explored to elucidate the anti-tumor role of
MSJZD. The proportions of the M1 marker (iNOS +) and M2 marker (CD206+) were detected by flow
cytometry. We found that the expression of the M1 marker (iNOS +) was significantly increased in the
MSJZD group compared with that in the control group (P < 0.01), while the M2 marker (CD206+) did not
exhibit significant differences between the two groups (P > 0.05) (Fig. 2). These results suggested that
MSJZD exerted anti-tumor effects by promoting macrophage polarization into the M1 phenotype.

Discussion
Malignant breast cancer is a major health issue among women worldwide. Earlier detection combined
with effective treatment may reduce the mortality of breast cancer. Sijunzi decoction is a well-known TCM
formulation that exerts potential effects on immune system activation (24) and exhibits anti-tumor
activity (23). In this study, MSJZD was used to treat breast cancer in an animal model and its effect on
tumor growth and macrophage polarization was evaluated. The results showed that MSJZD reduced
tumor growth in a Balb/c mouse model of breast cancer and promoted macrophage polarization into the
M1 phenotype. These findings merit further discussion.
Sijunzi decoction has been shown to exhibit numerous pharmacological effects, such as regulating
gastrointestinal motility, stimulating digestion and absorption, and promoting intestinal mucosal
immunity (24, 25). Moreover, previous studies have confirmed that Sijunzi decoction controlled tumor
progression, prolonged patient survival (26), and prevented tumor recurrence and metastasis (27, 28).
Increasing studies have confirmed the anti-tumor activity of Sijunzi decoction in animal models and
cancer cell lines. For instance, supplementary Sijunzi decoction was shown to remarkably prevent NPage 5/12

methyl-N'-nitro-N-nitrosoguanidine-induced gastric cancer in a rat model (29). The ingredients of Sijunzi
decoction were found to decrease the proliferation of the side population of BGC-823 cells by inducing
G1/G0 phase arrest and apoptosis (30). It is was also reported that MSJZD exhibited immune-enhancing
effects on colorectal cancer patients undergoing chemotherapy (31). Consistently, our results revealed
that MSJZD suppressed tumor growth in a Balb/c mouse model of breast cancer, suggesting the antitumor effect of MSJZD in breast cancer.
Increasing evidence has indicated that TAMs play important roles in tumor microenvironment formation,
tumor metastasis, and anti-tumor responses (32–35). A previous study demonstrated that TAMs are
related to the aggressive features of breast cancer, such as vascular invasion and reduced survival (36).
The polarization of TAMs from M1 to M2 phenotypes is a hallmark of malignancy (37). A high M1/M2
ratio in TAMs has been reportedly associated with extended survival in ovarian cancer patients (38). In
addition, Kang et al. revealed that puerarin stimulated anti-tumor effects in non-small-cell lung carcinoma
by skewing macrophage populations back to M1 subsets (39). Moraes et al. demonstrated that AnnexinA1 promotes breast cancer growth and migration through regulating macrophage polarization in the
tumour microenvironment (40). Furthermore, TAMs are considered as potential therapeutic targets for
anti-cancer therapy (41, 42). A recent study also confirms that regulating macrophage polarization by
effectively target to TAMs is a promising anti-cancer strategy for breast cancer (43). In line with these
findings, our results showed that the expression of the M1 marker (iNOS +) was remarkably increased in
MSJZD-treated mice compared with that in the control mice. However, there was no significant difference
in M2 marker expression between the two groups. Therefore, we speculated that MSJZD may alter the
phenotype of TAMs by upregulating M1 macrophages. Considering the key roles of TAMs in tumor
metastasis, our results suggest that the anti-tumor effect of MSJZD may be demonstrated through
elevating the expression of M1 markers. However, we did not further explore the detail mechanism of
MSJZD in regulating macrophage polarization, and more experiments are required to understand this in
future studies.

Conclusions
Our findings revealed that MSJZD promoted macrophage polarization into the M1 phenotype to stimulate
anti-tumor effects, thus inhibiting tumor growth and metastasis in breast cancer. Our findings may
provide new insights that contribute to therapeutic strategies against breast cancer.

Abbreviations
MSJZD: modified Sijunzi decoction
TAMs: Tumor-associated macrophages
TCM: Traditional Chinese medicine
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Figure 1
Effects of MSJZD on tumor growth and metastasis in the Balb/c mouse model of breast cancer. (A) The
mice were sacrificed by cervical vertebra dislocation on day 35. The weights of the tumors in the MSJZD
and control groups were obtained on day 35. (B) In vivo imaging study showed the radiance of
fluorescence emitted from the mice 6 h after administration of fluorescent DiD oil in the MSJZD-treated
and control mice on days 15, 22, 29, 32, and 35. MSJZD: Sijunzi decoction. ** P < 0.01 compared to
control group.
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Figure 2
MSJZD promoted macrophage polarization into the M1 phenotype. On day 35, the mice were sacrificed
by cervical vertebra dislocation. The tumor cells from the MSJZD-treated and control mice were stained
with the macrophage marker F4/80, the M1 marker iNOS, and the M2 marker CD206. The polarization of
M1/M2 was analyzed using ﬂow cytometry. ** P < 0.01 compared to the control group.
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