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Objective: The specific mechanism of Xihuang Pill in the treatment of breast precancerous
lesions and breast cancer has not yet been elucidated.

Methods: In our study, BATMAN-TCM (a Bioinformatics Analysis Tool for Molecular
mechanisms of Traditional Chinese Medicine) was used to forecast the relationship among
chemical components, immune targets, and diseases of each herb in Xihuang Pill and
constructed a component-target-disease network. Taking breast precancerous lesion model
rats as the research object, the molecular mechanism of Xihuang Pill regulating immunity
was analyzed.

Results: BATMAN-TCM prediction showed that 309 genes were enriched in the biological
process of “immune system response”, which was the target of Xihuang Pill to regulate the
immune system. The target of breast cancer disease and the genes related to Xihuang Pill’s
immune system response were crossed, and 88 cross genes were obtained. According to the
enrichment results of GO/KEGG pathway, T cell activation was found to be the most
relevant. We select Thl cells (IL-2, IFN-y) and Th2 cells (IL-4, IL-10) among them for
animal experiment verification. The results show that Xihuang Pill can upregulate the serum
IFN-y and IL-2 levels, reduce the IL-4 and IL-10 levels, and regulate the balance of Th1/Th2
cells in the peripheral blood of rats with breast precancerous lesions.

Conclusion: Xihuang Pill targets a variety of immune-related molecules related to breast
precancerous lesions and is a traditional Chinese medicine formula that effectively regulates
immune function.
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Introduction

Breast cancer is the highest morbidity and mortality in women with malignant
tumors, which seriously threatens women’s health and life safety.' Modern studies
have proved that the development of breast cancer can experience a continuous
pathological process of “normal cells—simple hyperplasia—atypical hyperpla-
sia—carcinoma in situ—invasive carcinoma”.> Precancerous lesion (PL) refers to
a lesion with a certain degree of atypical hyperplasia in histomorphology and the
potential for canceration.** According to WHO, all kinds of lesions with more than
20% possibility of canceration belong to PL.” Breast precancerous lesions refer to
a certain degree of morphological atypical hyperplasia of breast duct epithelial
cells. After follow-up, some breast hyperplasia lesions can develop into carcinoma.®
The histological classification of pre-mammary lesions in the “WHO Histological
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Classification of Breast Tumors” in the fourth edition of
2012 includes:’ (1) Ductal carcinoma in situ (DCIS):
divided into low nuclear grade DCIS, medium nuclear
grade DCIS, high nuclear grade DCIS; (2) Lobular tumors:
divided into lobular carcinoma in situ (LCIS) and atypical
lobular hyperplasia (ALH); (3) Atypical ductal hyperplasia
(ADH). Precancerous lesions are the necessary stage of the
progression of breast cancer, and active intervention mea-
sures at this stage can block or even reverse the carcino-
genesis process.” The intervention of breast precancerous
lesions and blocking its development to breast cancer is
the key to the prevention and treatment of breast cancer.®

Xihuang Pill (XHP) is a traditional Chinese herbal for-
mula, which is published in “waike zhengzhi quansheng ji”.
It consists of NIU HUANG, SHE XIANG, RU
XIANG (vinegar), and MO YAO (vinegar). It has the
effects of promoting blood circulation and removing blood
stasis, clearing heat and detoxicating, reducing phlegm and
resolving mass, decreasing swelling, and relieving pain. It is
a classic prescription for breast precancerous lesions and
prophylaxis and treatment of breast cancer, with definite
clinical effects.”'® Our previous studies have shown
that,'" "> XHP can inhibit the activity of MCF-10AT cells
in precancerous breast lesions and induce apoptosis by
inhibiting the expression of mTOR and VEGF in PI3K/
AKT/mTOR signaling pathway, and improve the microcir-
culation and hemorheology of breast precancerous lesions
induced by 7,12-dimethylbenzanthracene (DMBA) com-
bined with estrogen and progesterone. Modern studies
have shown that immune function status corresponds to
the occurrence and progression of breast cancer, and cellu-
lar immunity plays an essential part of anti-breast cancer
immunity. The immune microenvironment of breast cancer
transformation, that is, the local internal environment
formed by the immune cells that infiltrate into the breast
cancer tissue and the cytokines they secrete together with
the cancerous cells, plays an important role in regulating the
growth, proliferation and metastasis of cancerous cells.'*
The immune cells in the immune microenvironment are
mainly T lymphocytes, accounting for about 70%-80%,
and the rest are composed of B lymphocytes, macrophages,
natural killer cells, and antigen presenting cells.'> Th1 and
Th2 cells are important immune cells in the human body,
which can more sensitively reflect the immune status of the
body. An increase in the Th1/Th2 value indicates a better
immune function and a better prognosis.'® In breast cancer,
the ratio of Thl and Th2 cells is found to be unbalanced,
accompanied by related

abnormal expression of

cytokines.'” In breast cancer patients, Th2 release of cyto-
kines is increased, while patients with Thl dominating the
response have a higher survival rate and a lower rate of
cancer recurrence.'® The main mechanism of immunother-
apy for breast cancer is to change the tumor microenviron-
ment, so that the tumor immune microenvironment that is in
a failed state can play a role again, so that the original
immune function of the body is improved, and the purpose
of anti-tumor is achieved.'® However, whether XHP plays
an immunomodulatory role in the occurrence and develop-
ment of breast cancer remains to be fully elucidated.
Therefore, it is necessary to research the immunomodula-
tory mechanism of XHP and provide an experimental basis
for the development of new drugs.

Due to the variety of components of traditional Chinese
medicine and the complicacy of the interaction between
traditional Chinese medicine and the human body, it is
still very hard to reveal its internal molecular mechanism.
Elucidating the molecular mechanism of traditional
Chinese medicine has become the bottleneck of moderniza-
tion and internationalization of traditional Chinese medi-
cine. In recent years, with the fast development of
bioinformatics, systems biology, and multi-pharmacy, net-
work pharmacology based on network goals is a promising
method for the new generation of traditional Chinese med-
icine or traditional Chinese medicine prescription drug
2021 BATMAN-TCM
(http://bionet.ncpsb.org.cn/batman-tcm/) (a Bioinformatics

research and development mode.

Analysis Tool for Molecular mechanism of Traditional
Chinese Medicine) is an online bioinformatics analysis
tool specially designed for the research of traditional
Chinese medicine molecular mechanisms. It can provide
the prediction of potential targets of traditional Chinese
medicine, prescriptions and components as well as KEGG
and GO analysis, systematically reveal the prediction of
multi-components and targets of traditional Chinese medi-
cine, and provide the correlation analysis of component
target pathway and component target disease correlation,
which has a good prediction effect on the mechanism
research of traditional Chinese medicine.””> ** In this
research, BATMAN-TCM online database was used to
gather the components of XHP from multiple databases to
predict its potential targets, pathways, and diseases. We
constructed a component-targeted disease network to pre-
dict the immunomodulatory effect of XHP on breast cancer.
Finally, combined with animal experiments, the mechanism

of XHP in the prophylaxis and treatment of breast cancer
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Figure | Network pharmacology and validation roadmap of XHP regulating immune function in the treatment of breast precancerous lesions.

through regulating immunity was preliminarily elucidated.
See Figure 1.

Materials and Methods
Prediction of Active Components and

Their Targets
BATMAN-TCM (Bioinformatics Tool for
Molecular mechANism of Traditional Chinese Medicine)

Analysis

was carried out in this study. XHP is composed of NIU
HUANG, SHE XIANG, RU XIANG (vinegar), and MO
YAO (vinegar). We input XHP prescription drugs “NIU
HUANG, SHE XIANG, RU XIANG, MO YAO” to the
BATMAN-TCM platform and set the “drug-target” simi-
larity model threshold: Score cutoff > 20, P < 0.05, search
and screen the active components and corresponding
potential targets of XHP.

Analysis of KEGG Pathway in XHP
Based on the abundance analysis of BATMAN-TCM online
platform (KEGG pathway and Gene Ontology), the signal
pathway of XHP target enrichment was predicted.

Construction and Analysis of
Component-Target-Pathway-Disease
Network of XHP

According to the predicted results, the association analysis
between the significantly enriched KEGG signaling

pathway and OMIM/TTD disease phenotype was carried
out, and the component-target-pathway-disease network
was structured to comprehensively and intuitively clarify
the pharmacological mechanism of XHP.

Mining the Compounds with the
Strongest Immunomodulatory Activity of

XHP in the Treatment of Breast Cancer

Use GeneCards, OMIM, PharmGkb, TTD, DrugBank
databases, and use “breast cancer” as a keyword to screen
and merge breast cancer-related genes. Construct
a component-immune gene network to comprehensively
and intuitively explore the compounds with the strongest

immunomodulatory activity of XHP.

Experimental Verification

Laboratory Animals

Sixty 6-week-old SPF healthy female SD rats, weighing
(180+20) g, were provided by Hebei experimental animal
center with animal Certificate No. 1705351. Animal experi-
ments were approved by the Medical Ethics Committee of
Hebei University of Chinese Medicine and were carried out
in accordance with the Animal Welfare Guidelines of the
Medical Ethics Committee of Hebei University of Chinese
Medicine, in line with the guidelines for the care and use of
laboratory animals by the Chinese Institute of Health, and in
compliance with all regulatory guidelines. They ate and
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drank freely. The experiment was conducted after one week
of conventional feeding.

Medicines and Reagents

XHP (Zhejiang Tianyitang Pharmaceutical Co., Ltd
Division, lot No.: 1703011). Estradiol benzoate injection
(Ningbo No.2, hormone factory, lot No.: 110252511).
Progesterone injection (Ningbo No.2 hormone factory, lot
No.: 110251670). Tamoxifen citrate tablets (Yangzijiang
Pharmaceutical Group Co., Ltd., lot No.: 17041311).
DMBA (7, 12-Dimethylbenz [a]anthracen, TCI, CAS57-
97-6). Rat IFN-y, IL-10, IL-2, IL-4 quantitative ELISA Kit
(Shanghai senxiong Technology Industry Co., Ltd.).

Drug Preparation
DMBA preparation: precisely weigh 7, 12-dimethylbenz
[a] anthracene (DMBA), soluble it in sesame oil at
a proportion of 7 mg:mL~", and put it in a waterbath box
at 60°C, then dissolved by ultrasonic vibration for use.

XHP aqueous solution preparation: soak the XHP in
a little distilled water the day before the experiment,
whichever is just enough to soak the drug particles. The
soaked XHP was crushed on the day of the experiment.
Distilled water was used to prepare XHP aqueous solu-
tions with concentrations of 27 mg-mL™', 55 mg-mL ',
and 137 mg-mL™" for use.

Tamoxifen aqueous solution preparation: 0.4 mg-mL ™"
tamoxifen solution was prepared with distilled water.

Animal Model Replication

On the first day of the experiment, the rats were intragas-
trically administered with DMBA-dissolved sesame oil at
a rate of 1 mL-100 g '. From the second day, 5 days as
1-3,
0.5 mg-kg '-d"! estradiol benzoate on the inside of the

a cycle (On days rats were injected with
hind legs. On the 4th day, the rats were injected with
progesterone 4 mg-kg '-d”' on the inside of the hind
legs. Observation on day 5th). For 12 consecutive cycles,
a rat model of a breast precancerous lesion was
established.”” Model success judgment standard reference

Ma et al.2®

Grouping and Administration Method

According to weight stratification and random grouping
method, 60 rats were divided into normal control group (n
= 10) and disease model group (n = 50). The methods of
administration were as follows: Normal control group: After
one-time gavage of 1 mL-100 g™' of sesame oil without
DMBA, regular feeding; disease model group: Copy the

model according to Animal Model Replication method and
fed routinely. After 10 weeks of successful modeling, rats in
the disease model group were stochastically divided into 5
groups, 10 rats in each group: disease model group, tamox-
ifen group, and XHP low, middle and high dose groups. The
administration methods were as follows: Disease model
group: fed routinely. Tamoxifen group: tamoxifen
(4 mg'kg™") 1 mL-100g™" was given by gavage one time
a day for 28 days, fed routinely. XHP low, middle, and high
dose groups: Xihuang pills were given low (270 mg-kg ),
middle (550 mg'kg') and high-dose (1370 mgkg )
1 mL-100g ' by gavage, once a day for 28 days, fed
routinely.”

Specimen Collection and Testing

The 14th weekend of an animal experiment, the materials
were collected. The rats in each group fasted but drank
freely for 24 hours before taking the material. After
anesthesia, blood was collected from the inferior vena
cava. The levels of IFN-y, IL-10, IL-2, and IL-4 were
detected by enzyme-linked immunosorbent assay
(ELISA) according to the instructions of the kit. Take 6
pairs of mammary glands and surrounding skin and sub-
cutaneous tissue of rat chest and abdomen under aseptic
conditions, about 1.0 cm X 1.0 cm. The tissues were fixed
in neutral formalin for HE staining. Refer to literature for
histological observing the degree of hyperplasia under
a light microscope.*’

Statistical Methods

SPSS 20.0 statistical software was used for analysis. The
experimental data was expressed as mean + standard devia-
tion (Xts). One way ANOVA was used for comparison
between groups. The Wilcoxon rank-sum test was used for
grade data. P < 0.05 was considered statistically significant.

Results

Active Components and Targets of XHP
XHP includes NIU HUANG, SHE XIANG, RU XIANG
(vinegar), and MO YAO (vinegar). The active compo-
nents and potential targets of XHP were retrieved and
sieved by searching BATMAN-TCM. A total of 139
major chemical components were obtained, 74 of
which had potential targets. Among the main chemical
components obtained from SHE XIANG, 30 correspond
to 1076 potential targets; among the main chemical
components obtained from RU XIANG, 19 correspond
to 573 potential targets; among the main chemical
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Figure 2 Venn diagram of cluster target set comparison of four drugs in XHP.

components obtained from MO YAO, 15 correspond to
411 potential targets; among the main chemical compo-
nents obtained from NIU HUANG, 13 correspond to
386 potential targets. There are 91 cross targets of four
drugs. The compound information and its corresponding

targets see Figure 2 and Table 1 for details.

KEGG Pathway Analysis of XHP Targets

The abundance analysis of BATMAN-TCM online plat-
form (KEGG pathway and Gene Ontology) was used to
predict the signal pathway of XHP target enrichment.
GO functional enrichment analysis turns out that the
action pathway of XHP was primarily related to 141
biological processes such as immune system reaction,
signal transduction activity, kinase activity, cell differ-
entiation, cell proliferation and death, among which
309 genes were enriched in the biological process
“immune system reaction”. They include Thl cells
(IL-2, IFN-y) and Th2 cells (IL-4, IL-10). (Figure 3).
It is suggested that XHP may regulate the immune
system and regulate the balance of Th1/Th2 cells
through IL-2, IFN-y, IL-4, and IL-10. KEGG pathway
analysis showed that XHP acted on 30 signaling path-
ways including the immune system, endocrine system,
digestive system, and circulatory system. The immune
system includes 19 signaling pathways including che-
mokine signaling pathway, complement coagulation
cascade, and platelet activation, etc. (Table 2). This

hinted that the regulation of immune function is an
important molecular mechanism of XHP.

Component-Target-Pathway-Disease
Network Construction and Analysis of XHP

According to the predicted results, the association analysis
between the significantly enriched KEGG signaling pathway
and OMIM/TTD disease phenotype was carried out, and the
component-target-pathway-disease network was structured
to comprehensively and intuitively clarify the pharmacologi-
cal mechanism of XHP. The heptagonal node represents the
main active component, the pentagram node represents the
main target, the circular node represents the main KEGG
signaling pathway, and the square node represents OMIM/
TTD disease. The node size of the target, pathways and
diseases is proportional to their weight in the network,
including the number of active components, the number of
targets involved in the pathway, and the number of targets of
known disease-related genes. From the figure, we can see
that XHP can treat breast cancer, pain and other diseases, and
its component-target-pathway-disease network is shown in
Figure 4.

Mining the Compounds with the
Strongest Immunomodulatory Activity of

XHP in the Treatment of Breast Cancer

Use GeneCards, OMIM, PharmGkb, TTD, DrugBank
databases, and use “breast cancer” as a keyword to
screen and merge breast cancer-related genes. A total
of 1105 related genes were screened. 309 genes
involved in the “immune system response” of the bio-
logical process are enriched with XHP. The target of
breast cancer disease and the genes related to XHP’s
immune system response were crossed, and 88 cross
genes were obtained. As shown in Figure 5. The active
ingredient compounds of XHP’s four-flavor medicines
are correlated with 88 immune genes to construct
a component-immune gene network, which comprehen-
sively and intuitively presents the strongest immunomo-
dulatory activity of the compounds in XHP. The results
are shown in Figure 6. The hexagonal nodes represent
the main active ingredient compounds, and the diamond
nodes represent immune genes. The size of compound
nodes and immune gene nodes is proportional to their
weight in the network, including the target number of
compound-related immune genes. Among them, immune
genes include IL-2, IFN-y, IL-4, and IL-10. The six
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Table | The Chemical Components of Drugs in XHP Prescriptions

drugs Chemical Composition Drugs Chemical Composition
SHE XIANG Androst-4-Ene-3,17-Dione RU XIANG Beta-Boswellic Acid
Testosterone Octyl Acetate
3,5-Dihydroxybenzoic Acid Phellandral
Musennin Nopinone
|7-Beta-Estradiol Boswellic Acid
Allantoin Menthiafolin
3-Methylcyclotridecan-1-One 2,3-Diphenyl-2-Cyclopropen-1-One
Morin D-Limonene
Muscopyridine P-Menth-4-En-3-One
5-Cis-Cyclopentadecen-|-One Alpha-Boswellic Acid
Decamine O-Methylacetophenone
Musclide Al Tirucallol
N-Nonane Pinene
Estragole 3,6,6-Trimethylnorpinan-2-One
Cholesteryl Ferulate O-Cresol
Cyclotetradecan-1-One Arabic Acid
3beta-Hydroxy-5alpha-Androstan-17- Dipentene
One Alpha-Limonene
Alpha-Estradiol Myrtenol
Androsterone MO YAO Cumic Acid
Cyclovirobuxine Commiferin
Cholesterol M-Cresol
Muscone Cumaldehyde
2,6-Decamethylene Pyridine Commisterone
3alpha-Hydroxy-5alpha-Androstan-17- Cinnamaldehyde
One
Muscol 3-Methoxygallic Acid
Normuscone Eugenol
2,6-Nonamethylene Pyridine 2,3-Diphenyl-2-Cyclopropen-1-One
Hydroxymuscopyridine B Dipentene
Hydroxymuscopyridine A P-Cresol
5-Cis-Cyclotetradecen-1-One Eugenol Methyl Ether
NIU HUANG Deoxycholicacid Curzerenone
Choline Cinnamic Acid
(Continued)
730 https: Breast Cancer: Targets and Therapy 2021:13

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dovepress Li et al

Table | (Continued).

drugs Chemical Composition Drugs Chemical Composition

Ergosterol Rel-1s,2s-Epoxy-4r-Furanogermacr-10(15)-En
-6-One

Cherianoine

Deoxycorticosterone

Cholesterol

Taurine

Tyr-Gly

Ergotamine

Bilirubin

Lithospermate B

Biliverdin

Cholicacid

compounds  5-Cis-Cyclopentadecen-1-One, 17-Beta- the strongest immunomodulatory activity, and their cor-
Estradiol, Androst-4-Ene-3,17-Dione, P-Menth-4-En- responding immune gene degrees are 41, 34, 27, 26, 26
3-One, Testosterone, 5-Cis-Cyclotetradecen-1-One have and 26, respectively. See Figures 5 and 6.
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Figure 3 XHP with immune system response-related genes. The red box in the figure represents IL-2, IFN-y, IL-4, IL-10.
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Table 2 KEGG Signaling Pathway of XHP Immune System

KEGG Signaling Pathway Gene Genes
Number

Chemokine Signaling Pathway 24 ADRBKI;ARRBI;ARRB2;BCARI;CDC42;CX3CR|;CXCLI3;CXCL8;FGR;FOXO3;GNB5;GSK3A;PAK;
PF4;PRKCD;PTK2B;PXN;ROCKI;ROCK2;SHCI;SRC;STAT3;VAV3;XCLI;

Complement and coagulation I BDKRB2;C5;F12;F2;PLAT;PLG;PROC;PROSI;SERPINE I ;SERPINF2; THBD;

cascades

Platelet activation 16 ACTB;COLIAI;COL5AI;GUCYIB3;ITGB3;ITPRI;ITPR2;ITPR3;NOS3;P2RY | ;PPPI CC;PTGS | ;ROCK I
ROCK2;SRC;SYK;

Antigen processing and 8 CALR;CD74;HSP90AA|;HSP90AB | ;HSPA | A;HSPA4;IFNG;TAPI;

presentation

Renin-angiotensin system 6 ACEAGT;AGTRI;AGTR2;MASI;REN;

Toll-like receptor signaling il CASP8;CXCL8;FADD;FOS;IKBKE;RIPK I; TIRAP; TLR3;TLR7; TLR8; TLR9;

pathway

NOD-like receptor signaling 7 CASPI;CASP8;CXCL8;HSP90AA;HSP90AB | ;NOD2; TNFAIP3;

pathway

RIG-I-like receptor signaling 7 CASP8;CXCL8;FADD;IKBKE;MAP3K I;RIPK I;TRIM25;

pathway

Cytosolic DNA-sensing 3 CASP;IKBKE;RIPK |;

pathway

Jak-STAT signaling pathway 22 BCL2L1;CNTF;CREBBP;CSF2;EP300;EPO;IFNG;ILI0;IL13;IL4;IL6ST;LEP;MPL;PIAS | ;PIAS2;PIAS3;PIAS4;
PRLR;PTPNG6;STAT3;STAT5A; TPO;

Hematopoietic cell lineage 12 CD34;CD36;CSF2;EPO;FCER2;FCGRIA;IL4;I TGB3;KIT;KITLG; THPO; TPO;

Natural killer cell mediated 19 CASP3;CSF2;FAS;FASLG;IFNG;ITGAL;ITGB2;LCK;PAK |;PPP3CA;PPP3CB;PPP3R I ;PPP3R2;PTK2B;PTPN6;

cytotoxicity RAC3;SHCI;SYK;VAV3;

T cell receptor signaling 15 CDC42;CSF2;FOS;IFNG;IL10;IL4;LCK;PAK | ;PAK6;PPP3CA;PPP3CB;PPP3R | ;PPP3R2;PTPN6;VAV3;

pathway

B cell receptor signaling 10 FOS;PIK3AP1;PPP3CA;PPP3CB;PPP3R |;PPP3R2;PTPN6;RAC3;SYK;VAV3;

pathway

Fc epsilon Rl signaling pathway 7 CSF2;1L13;1L4;PRKCD;RAC3;SYK;VAV3;

Fc gamma R-mediated 10 CDC42;FCGRIA;GSN;PAKI;PLD I;PLD2;PRKCD;RPS6KBI;SYK;VAV3;

phagocytosis

TNF signaling pathway 18 ATF2;CASP3;CASP7;CASP8;CEBPB;CSF2;EDN | ;FADD;FAS;FOS;JUNB;LTA;MAGI2;NOD2;PTGS2;RIPK I;
TNFAIP3;VCAMI;

Leukocyte transendothelial 15 ACTB;ACTN2;ACTN3;BCARI;CDC42;CTNNB I;ITGALITGB2;NOXI;PTK2B;PXN;ROCK [;ROCK2;

migration VAV3;VCAMI;

Intestinal immune network for 3 IL10;IL4; TGFBI;

IgA production

Study the Enrichment Analysis of GO and
KEGG Signaling Pathways of the Target of

XHP in the Treatment of Breast Cancer

With the aid of R 4.0.2 software, carry out enrichment
analysis of the target GO biological process of XHP in
the treatment of breast cancer and the metabolic

pathways in the KEGG. According to the enrichment
results of GO/KEGG pathway, T cell activation was
discovered to be the most relevant. Th1/Th2 cell balance
is closely related to T cell activation, so we choose Thl
cells (IL-2, IFN-y), Th2 cells (IL-4, IL-10) for verifica-

tion. See Figures 7 and 8.
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Figure 4 Component-target-pathway-disease network of XHP.

XHP Can Block and Reverse the
Pathomorphology Changes of Breast
Tissue in Precancerous Lesion Rats
According to Kruskal Wallis method (H-test) of multi sample
comparison, 5> = 358.58, P < 0.001, according to the level of a
= 0.05, it was considered that the degree of hyperplasia of

stragole Cholicacic .

(O KEGG pathway
. TTD disease

mammary gland tissue in each group is different, and the
degree of hyperplasia in the disease model group was the
heaviest (average rank = 501.93). The results of the Mean-
Whitney U-test showed that the degree of breast tissue hyper-
plasia in the disease model group was higher than that in the
normal control group (Z = 14.529, P < 0.001); the degree of
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breast tissue hyperplasia in the tamoxifen group and XHP low,  that XHP can prevent and reverse the pathomorphology
middle and high dose groups was lower than that in the disease ~ changes of breast tissue in rats with precancerous lesions

model group (P < 0.05 or P <0.01) (Table 3). It is suggested  induced by DMBA combined estrogen and progesterone.
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Figure 7 The GO enrichment analysis bar graph of the target of XHP in the treatment of breast cancer.

Effect of XHP on Serum Cytokines in

Breast Precancerous Lesion Rats

ELISA method was used to detect the changes in serum
cytokine content of rats in each group, and the results
showed (see Figures 9 and 10): Compared with rats in
the disease model group, each dose group of XHP can
significantly increase DMBA combined with estrogen and
progesterone sequential induction serum IFN-y and IL-2
levels (P < 0.01 or P < 0.05) in breast precancerous lesion
rats, lower IL-4 and IL-10 levels (P < 0.01 or P < 0.05),
and regulate peripheral blood Th1/Th2 cells balance.

Discussion

Chinese herbal medicine has been used to cure malignant
tumors for thousands of years. In recent decades, studies
have confirmed that Chinese herbal medicine (natural pro-
ducts) possesses the features of “multi-component, multi-
target, and multi-pathway”*® Because of this feature, it is
tough to conduct a comprehensive and extensive study of
Chinese herbal compounds.”® After Hopkins put forward the

idea of “network Pharmacology” in 2008,” network pharma-
cology is an effective tool to systematically analyze the
mechanism of multi-compound traditional Chinese medicine
formulas, providing a new strategy for studying the mechanism
of complex Chinese herb formulas. BATMAN-TCM has been
used in the pharmacological research of a variety of traditional
Chinese medicines and compound prescriptions.”° In this
project, BATMAN-TCM online analysis tool was used to
forecast the mechanism of XHP in the treatment of breast
precancerous lesions through immune regulation, and preli-
minary verification was carried out through animal
experiments.

XHP is a classic prescription for the prevention and
treatment of breast cancer. Clinical studies have shown
that” XHP combined with chemotherapy has a better cura-
tive effect, and the neoplasm response and survival condi-
tion of breast cancer patients have been significantly
improved, which can significantly reduce the adverse reac-
tions caused by chemotherapy, including nausea and
vomiting, leucopenia, thrombocytopenia and hemoglobin
reduction. Whereas, it is still limited the acceptance and
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Figure 8 Analysis of the KEGG pathway of the target of XHP in the treatment of breast cancer.

application of XHP due to lack of sufficient molecular
evidence in foreign countries. Consequently, the antitumor
mechanism of XHP needs further study. In recent years,
tumor immune treatment has become an important method

of cancer treatment and one of the hot topics in the field of
cancer study. Breast cancer is also an immunogenic dis-
ease, and some patients do benefit from immunotherapy.
Whether XHP plays an immunomodulatory role in the

Table 3 The Effect of XHP on the Pathological Degree of Breast Tissue in Rat Model of Precancerous Lesions of Breast Cancer

(n=10)
Groups Dose Breast No General Precancerous Invasive
(mgkg™) Number Hyperplasia Hyperplasia Lesions Carcinomas
Normal control - 120 110 10 0 0
Disease model - 120%* 0 7 95 18
Tamoxifen 4 1207 I 46 6l 2
XHP low-dose 270 120% 4 15 89 12
XHP middle-dose 550 120" 10 28 75 7
XHP high-dose 1370 120" 9 44 62 5

Notes: compared with the normal control group, **P<0.01; compared with the disease model group, **P<0.05, #P<0.05.
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Figure 9 Effect of XHP on serum cytokines IFN-y and IL-2 in breast precancerous lesion rats.
Note: compared with the normal control group, AP<0.05, A AP<0.0l; compared with the disease model group, AP<0.05, AAP<0.01.
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Figure 10 Effect of XHP on serum cytokines IL-4 and IL-10 in breast precancerous lesion rats.
Note: compared with the normal control group, AP<0.05, A AP<0.01; compared with the disease model group, AP<0.05,AAP<0.01.

occurrence and development of breast cancer remains to
be fully elucidated. Thus, it becomes necessary to research
the immunomodulatory action of XHP and provide the
experimental basis for the new drug exploitation.

XHP include four traditional Chinese medicines: NIU
HUANG, SHE XIANG, RU XIANG (vinegar), and MO
YAO (vinegar). A total of 139 main chemical components
were retrieved by BATMAN-TCM, of which 74 chemical

components have potential targets, resulting in 2446 tar-
gets, 91 cooperative targets of four Chinese medicines.
Afterward, enrichment analysis was carried out. We dis-
covered that biological pathway enrichment analysis
revealed many potential targeting pathways to XHP.
Immune system response, signal transduction activity,
kinase activity, cell differentiation, cell proliferation, and

death play a major role in the progression of breast cancer.
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There are 309 genes enriched in the biological process of
“immune system response”, including Thl cells (IL-2,
IFN-y) and Th2 cells (IL-4, IL-10). It is pointed out that
the regulation of immune function is an important mole-
cular mechanism of XHP. XHP may regulate the immune
system through IL-2, IFN-y, IL-4, and IL-10. Significantly
rich disease phenotypes include breast cancer, pain, and
other diseases. The target of breast cancer disease and the
genes related to XHP’s immune system response were
crossed, and 88 cross genes were obtained. Associate the
active ingredient compounds of XHP four herbs with 88
immune genes to construct a component-immune gene
network. And found that six compounds 5-Cis-
Cyclopentadecen-1-One,  17-Beta-Estradiol,  Androst-
4-Ene-3, 17-Dione, P-Menth-4-En-3-One, Testosterone,
5-Cis-Cyclotetradecen-1-One have the strongest immuno-
modulatory activity. With the aid of R 4.0.2 software,
carry out enrichment analysis of the target GO biological
process of XHP in the treatment of breast cancer and the
metabolic pathways in the KEGG. According to the
enrichment results of GO/KEGG pathway, T cell activa-
tion was found to be the most relevant. Th1/Th2 cell
balance is closely related to T cell activation, so we choose
Thl cells (IL-2, IFN-y), Th2 cells (IL-4, IL-10) for ver-
ification. It is suggested that IL-2, IFN-y, IL-4, and IL-10
may be potential targets of XHP in the treatment of breast
cancer. We carried out further experimental verification.
The role of 5-Cis-Cyclopentadecen-1-One, Androst-
4-Ene-3,17-Dione, P-Menth-4-En-3-One,
5-Cis-Cyclotetradecen-1-One on immune regulation has

Testosterone,

not yet been reported. It is reported that 17-Beta-
Estradiol has dual functions of immune enhancement and
immunosuppression,”’ which can promote the vitality,
activation and maturation of B cells and enhance
immunity.® It can also inhibit the proliferation of IM-9
cells (peripheral blood B lymphocytes), and down-regulate
the expression of IgG,** inhibit T lymphocytes, and induce
their apoptosis.>* 17-Beta-Estradiol has two sides, which
can stimulate the growth of breast cancer cells at some
time, and the appropriate time can also inhibit the growth
of breast cancer cells.>>® Studies have found that mon-
itoring the expression of FAS in CTCs in patients with
advanced third-line endocrine therapy-resistant breast can-
cer, giving estrogen therapy can achieve a certain effect,
and it is possible to restore the sensitivity of some patients
to aromatase inhibitors without obvious side effects.’” It is
clinically proven that XHP combined with endocrine ther-
apy has a certain attenuation and synergistic effect on

estrogen-dependent breast cancer.>® We speculate that
this may be related to the 17-Beta-Estradiol contained in
XHP. Testosterone, there are accumulated data to support
the protective effect of androgens in breast tissue.*
Androgens have been successfully used to treat breast

cancer.40’4 !

Androst-4-Ene-3,17-Dione is an important
steroid drug intermediate. Androstenedione can be used
as a hormone for the biosynthesis of estrogen and more
effective androgens, such as testosterone.*” There is no
report on its treatment of breast cancer. We speculate that
its mechanism of treatment of breast cancer is similar to
17-Beta-Estradiol and Testosterone. There is no report on
the treatment of breast cancer with active ingredients such
as 5-Cis-Cyclotetradecen-1-One, 5-Cis-Cyclopentadecen
-1-One, P-Menth-4-En-3-One, etc. Its
mechanism in the treatment of breast cancer need to be

efficacy and

further studied. 17-Beta-Estradiol has two sides, can pro-
mote the occurrence and development of breast cancer,
and can also treat breast cancer. In terms of immune
regulation, it has the dual effects of immune enhancement
and immunosuppression. The role of this two-way regula-
tion is very interesting, and it is worthwhile for us to
further study its mechanism.

At present, the main mechanisms of flavonoids against
breast cancer are: inhibit aerobic glycolysis, promote apopto-
sis, block cell cycle, inhibit invasion and migration, cause
DNA damage, inhibit aromatase, inhibit microtubule produc-
tion, etc.* In terms of immunity, flavonoids can affect the
immune phenotype of breast cancer cells.* Since flavonoids
are similar in chemical structure to estrogen, they can exert
estrogen-like effects to regulate estrogen receptor activity and
downstream signals. Some flavonoids can also inhibit the
synthesis of estrogen by inhibiting aromatase.*> XHP contains
flavonoids such as quercetin, luteolin and hesperetin. Studies
have found that quercetin promotes breast cancer cell apoptosis
and inhibits the proliferation of cancer cells by regulating the
GASS5/Notchl, EGFR/AKT/mTOR signaling pathways.***’
Luteolin can inhibit the P13K/Akt, MAPK/Erk1/2 signaling
pathway and inhibit the proliferation of human breast cancer
cell MCF-7.%% Hesperetin can inhibit the PI3K-AKT-
Paxillin-FAK-Src signaling pathway and inhibit the migration
and adhesion of breast cancer MDA-MB-231 cells.”' In sum-
mary, flavonoids such as quercetin, luteolin and hesperetin
have the effect of inhibiting the occurrence and development
of breast cancer. In our research, we found that these flavonoids
have little relationship with immunity.

The immune microenvironment of breast cancer is the
local internal environment formed by the immune cells
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that infiltrate into the breast cancer tissue and the cyto-
kines secreted by them together with the cancerous cells. It
plays a major part in regulating the growth, proliferation,
and metastasis of breast cancer cells. The main compo-
nents of infiltrating immune cells contain T cells, B cells,
macrophage cells, natural killer cells, and dendritic cells,
of which T cells account for about 80%, playing a leading
role. According to the function of T cells in the immune
response and different surface markers, they can be
divided into CD8 * cytotoxic T lymphocytes (CTL) and
CD4 " helper T lymphocytes (including 4 cell subgroups
of Thl, Th2, Th17 and Treg cells). CD4 * T cell subgroups
Thl, Th2, Thl7, Treg and their related cytokines play
a significant part in the tumor immune microenvironment
and are crucial to the occurrence, growth and prognosis of
breast cancer. CD4 " T cells differentiate into Th1 and Th2
cells under the stimulation of tumor antigens presented by
MHCII molecules on the surface of tumor antigen-
presenting cells (APCs). Thl cells activate CD8 " T cells
by excreting IL-2 and IFN-y cytokines to promote cellular
immunity. Th2 cells promote B cell proliferation, matura-
tion, and antibody production by secreting IL-4, IL-10,
and other cytokines, promote humoral immunity and inhi-
bit cellular immunity. Tumor immunity is mainly cellular
immunity. The immune response induced by Thl cells
inhibits the proliferation of malignant tumors. If Th2
cells are dominant in tumor patients, the cellular immune
function will be inhibited, thus promoting the occurrence
and progress of the tumor. Studies have shown that in
animal models of breast cancer or human breast cancer,
the number of Th2 cells infiltrated into the tumor stroma is
significantly higher than that of Thl cells, Th1/Th2
immune balance is broken, Thl floats to Th2, and cellular
immunity of the body is.>

The 7.12-dimethylbenz[a]anthracene (DMBA) revealed
breast cancer model is a widely used experimental model in
chemistry research. DMBA has extremely high selectivity and
specificity for breast tissue (70 — 80%),> which can completely
reappear the whole process of breast carcinogenesis
(1 e “normal cells—simple hyperplasia—atypical hyperpla-

»).>* The success

sia—carcinoma in situ—invasive carcinoma
rate of breast precancerous lesion modeling was 92.5%.>> In
addition, studies have also shown that exogenous or endogen-
ous estrogen and progesterone are important factors leading to
breast cancer, DMBA combined with estrogen and progester-
one can significantly improve the occurrence rate of breast
precancerous lesions.'>'*2%® In this study, the model of breast

precancerous lesions was established by one-time intragastric

administration of DMBA combined with estrogen and proges-
terone. The outcomes of the normal control group breast tissue
were normal glands and a small amount of general hyperplasia;
the disease model group, breast tissue was primarily precan-
cerous lesions and a small amount of invasive carcinoma; the
number of precancerous lesions and invasive carcinoma in
each dose group of XHP was significantly reduced, suggesting
that XHP can reverse and block the pathological changes of
breast tissue caused by DMBA combined with estrogen and
progesterone. The results of ELISA showed that contrasted
with the normal control group rats, the serum IFN-y and IL-2
levels of the disease model group rats were decreased. At the
same time, the IL-4 and IL-10 levels were increased, indicating
that the Th1/Th2 immune balance of the animal model of
breast precancerous lesions was broken, and the cellular immu-
nity of the body was inhibited. XHP in each dose group can
significantly increase the serum levels of IL-2 and IFN-y,
reduce the levels of IL-10 and IL-4, regulate the equilibrium
of Th1/Th2 cells in peripheral blood, and effectively inhibit the
progress of breast precancerous lesions. It is suggested that the
results of network pharmacological analysis of XHP are con-
sistent with the results of animal experiments, which have
a certain reference value.

One of the advantages of this study is to forecast the
immunotherapeutic targets, therapeutic pathways, and thera-
peutic diseases of XHP components, and to establish the
component-target-disease network of XHP. We also identified
IL-2, IFN-y, IL-4, and IL-10 targets in the rat model, an up-and
-coming therapeutic target, probably. However, the mechanism
of the beneficial effect of XHP on breast precancerous lesions
is complicated. However, note that our research has some
limitations. For example, we only forecasted potential
immune-related targets, but the signaling pathways and con-
crete mechanisms of their were not research. In the next step of
the research, we will touch on the biological processes and
signaling pathways targeting these targets and identify which
compounds in this traditional Chinese medicine formula are
more likely to play a therapeutic role by regulating immunity,
to further explore the micro mechanism of XHP for breast
precancerous lesions.

Conclusion

Based on network pharmacology, the components and
potential targets of XHP were discussed and analyzed
through BATMAN-TCM, and the immune genes of Thl
cells (IL-2, IFN-y), Th2 cells (IL-4, IL-10) were found. It
is suggested that the regulation of immune function is an
important molecular mechanism of XHP. XHP may
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regulate the immune system of many diseases through IL-
2, IFN-y, IL-4, and IL-10. We further found that XHP acts
as immune genes and related immune active compounds in
breast cancer, which provides evidence for XHP in the
treatment of breast precancerous lesions by immunomodu-
lation. Animal experiments have verified that XHP can
significantly inhibit the progression of breast precancerous
lesions. This may be achieved by increasing serum IFN-y
and IL-2 levels, reducing IL-4 and IL-10 levels, and reg-
ulating Th1/Th2 cell balance. This may be one of the
important functions of XHP to regulate immunity. It is
suggested that XHP is a promising immunomodulatory
drug, and it has a good development trend in the future
immunotherapy of breast precancerous lesions. In the
future, we hope to further verify the role of compounds
with immunomodulatory activity in XHP and explore the
mechanism of treatment of breast precancerous lesions in
molecular biology.
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