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Uncovering the role of traditional Chinese =i

medicine in immune-metabolic balance
of gastritis from the perspective of Cold
and Hot: Jin Hong Tablets as a case study
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Abstract

Chronic gastritis (CG) is a common inflammatory disease of chronic inflammatory lesion of gastric mucosa and in the
diagnosis of gastritis in traditional Chinese medicine (TCM), CG can be classified into Cold ZHENG (syndrome in TCM)
and Hot ZHENG. However, the molecular features of Cold/Hot ZHENG in CG and the mechanism of Cold/Hot herbs

in formulae for CG remained unclear. In this study, we collected a transcriptomics data including 35 patients of Cold/
Hot ZHENG CG and 3 scRNA-seq CG samples. And 25 formulae for CG and 89 herbs recorded in these formulae

were also collected. We conduct a comprehensive analysis based on the combination of transcriptomics datasets
and machine learning algorithms, to discover biomarkers for Cold/Hot ZHENG CG. Then the target profiles of the col-
lected formulae and Cold/Hot herbs were predicted to uncover the features and biomarkers of them against Cold/
Hot ZHENG CG. These biomarkers suggest that Hot ZHENG CG might be characterized by over-inflammation and exu-
berant metabolism, and Cold ZHENG CG showed a trend of suppression in immune regulation and energy metabo-
lism. Biomarkers and specific pathways of Hot herbs tend to regulate immune responses and energy metabolism,
while those of Cold herbs are more likely to participate in anti-inflammatory effects. Finally, the findings were verified
based on public transcriptomics datasets, as well as transcriptomics and ELISA detection, taking Jin Hong tablets

as a case study. Biomarkers like leptin and IL-6 together with proportions of immune cells showed significant changes
after the intervention. These findings might reflect the mechanism and build a bridge between macro and micro
views of Cold/Hot ZHENG as well as Cold/Hot herbs.
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Introduction

Chronic gastritis (CG) is defined as inflammatory dis-
eases of the gastric mucosa and is classified as chronic
superficial gastritis (CSG) and chronic atrophic gas-
tritis (CAG) based on the histopathologic patterns
and endoscopic appearances of the gastric mucosa
[1]. The prevalence of CG may exceed 50% worldwide
[2]. The progressive deterioration of atrophic gastritis,
which subsequently leads to dysfunction of the gastric
mucosa, is also the highest independent risk factor for
gastric cancer [3].

To date, the etiology of CG remains incompletely
understood. It can be caused by a range of factors such
as stress, alcohol, irrational use of nonsteroidal anti-
inflammatory drugs, and H. pylori infection [4], leading
to an imbalance between offensive acid-pepsin secre-
tion and defensive mucosal factors such as cell shed-
ding and mucin secretion [5]. Regarding stress risks,
physiologic stress can result in dysregulation of gastric
pH, which contributed to gastritis. In the stressed state,
increased levels of histamine and acetylcholine result in
elevated acid production, thus inducing or worsening
gastritis [6]. The present therapy of gastritis is to alleviate
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inflammation and associated dyspeptic symptoms, and
specific treatments should be determined accordingly
depending on each individual’s condition. In China, tra-
ditional Chinese medicine (TCM) therapy is an impor-
tant complementary treatment option for CG [7].

ZHENG, a TCM theoretical understanding of the
symptomatic profiles of disease, is used to recognize
and understand the non-healthy physiological states of
patients from a holistic view. In TCM clinical diagnosis,
there are different types of ZHENG for the same disease
depending on the phenotype profiles. All diagnostic and
therapeutic approaches in TCM are based on the typol-
ogy of ZHENG. In the diagnosis of gastritis in TCM,
the patients with CG can be classified into two main
types: Cold ZHENG and Hot ZHENG. The CG associ-
ated with Cold ZHENG has characteristics of cooling
of limbs, loose stool, clear abundant urine, white-greasy
tongue coating. The CG associated with Hot ZHENG is
characterized by red tongue, yellow-dense tongue coat-
ing, thirst, dry mouth, deep-colored urine, and dyspho-
ria with a feverish sensation. In our previous study, we
have evaluated the biological basis of CG associated
with Cold/Hot ZHENG, suggesting that the metabo-
lism-immune network imbalance has the potential to
be a new perspective in the development of sub-typing
and individualized treatment for CG [8]. According to
the rules of TCM diagnosis and treatment, patients with
Cold ZHENG should be treated by herbs with hot prop-
erty (Hot herbs) and patients with Hot ZHENG should
be treated by herbs with cold property (Cold herbs) for
thousands of years in China. For the treatment of CG
in TCM, CG associated with Cold and Hot ZHENG
are treated with herbs that have hot and cold proper-
ties, respectively. However, the biological mechanisms
behind Hot and Cold herbs for the treatment of Cold and
Hot ZHENG remain unclear. Recent advances in TCM
research are currently associated with the rapid develop-
ment of concepts in network pharmacology and systems
biology that provide approaches to understanding the
rules of TCM diagnosis and treatment [9, 10]. The aim of
this study is to investigate the mechanisms of action of
Cold/Hot herbs in the treatment of CG associated with
Cold/Hot ZHENG through a network pharmacology
approach.

Results

Outlier of the whole study

We conducted a comprehensive analysis on gastritis
and widely used TCM formulae and herbs for gastritis
from the perspective of Cold/Hot ZHENG and network
target in this study. First and foremost, based on seeds
genes from Cold/Hot biological network [11] proposed
by Li and microarray for CAG and CSG with Cold/Hot
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ZHENG [8], we constructed Cold/Hot ZHENG biologi-
cal network for CG to discover the features and biomark-
ers of Cold/Hot ZHENG. On the basis of multi-omics
data and machine learning algorithms, features and bio-
markers of immune and metabolism were characterized
and kept for following study. With the help of Cold/Hot
biological network as well as the inferred immune and
metabolism related characteristics, features and biomark-
ers of Cold/Hot ZHENG CG were acquired which were
mainly related to immune regulation and metabolism.

Besides, we collected 29 formulae for GC and cor-
responding 132 herbs recorded in these formulae from
Pharmacopoeia of China. Cold/Hot information and
Meridian information of these herbs were collected from
Pharmacopoeia. The distribution of Meridian infor-
mation of the herbs were counted and the compounds
composition of these herbs was obtained from com-
monly-used TCM database Herbiomap [12] and Symmap
[13]. After filtering herbs without recording or without,
25 formulae, 89 Cold/Hot herbs, 19 other herbs and in
total 2853 compounds were kept for further study, and
the targets profiles for these herbs and formulae were
characterized by our previous network-based algorithms
[14, 15].

Finally, as a combination of Cold/Hot ZHENG bio-
logical network for CG and targets profiles for Cold/
Hot herbs, a biological network describing the most-fre-
quently targeted Cold/Hot genes of Cold/Hot herbs was
constructed to uncover the mechanism of formulae with
Cold/Hot properties and corresponding Cold/Hot herbs
in formulae for CG to some extension. Based on the net-
work and previous studies, potential biomarkers of Cold/
Hot herbs in the formulae against CG were determined
and their relationship with potential mechanism of Cold/
Hot ZHENG were also explored to reveal the mechanism
of these herbs against Cold/Hot ZHENG CG.

Molecular features of Cold/Hot ZHENG CG

In 2013, Li collected 35 patients of Cold/Hot ZHENG
CG for microarray measurement, including 17 patients
with Cold ZHENG (8 for chronic superficial gastritis
and 9 for chronic atrophic gastritis) and 18 patients with
Hot ZHENG (8 for chronic superficial gastritis and 10
for chronic atrophic gastritis). In order to find key mol-
ecules related to Cold/Hot ZHENG in CG, we collected
seeds gene from previous Cold/Hot network model as
background for Cold/Hot ZHENG. PLS-DA analysis suc-
cessfully grouped Hot and Cold ZHENG CG for CAG
patients and CSG patients, respectively (Fig. 1A). VIP
(variable importance) for each gene in CAG patients or
CSG patients was calculated and 26 of the seeds genes
with VIP greater than 1 both occurred in CAG patients
and CSG patients (Fig. 1B).
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Fig. 1 Analysis for finding representative molecules between Cold/
Hot ZHENG CG. A PLS-DA analysis for Cold/Hot ZHENG CAG (left)

and CSG (right). B Venn plot showing genes with VIP larger than 1

in both Cold/Hot ZHENG CAG and CSG. C Venn plot showing

the differential expression of genes in microarray of Cold/Hot ZHENG
CAG and CSG. D Heat map of 47 genes both up-regulated in Hot
ZHENG CAG and CSG and 11 genes up-regulated in Cold ZHENG CAG
and CSG for CAG patients (left) and CSG patients (right)

Besides, from another perspective, DEGs (differ-
entially expressed genes) in CAG patients and CSG
patients were calculated by limma model to find sig-
nificantly expressed genes between Cold/Hot ZHENG
in both CAG patients and CSG patients. Among these
DEGs, 112 genes were differentially expressed in both
CAG patients and CSG patients (adjust P value<0.05,
BH adjustment). And 11 genes were up-regulated in
both Cold ZHENG CAG patients and CSG patients,
while 47 of them were up-regulated in both Hot
ZHENG of two disease conditions (Fig. 1C). Combin-
ing these two analyses of different perspectives, both in
statistical methods and hierarchical clustering meth-
ods, Hot ZHENG patients were distinct from Cold
ZHENG patients (Fig. 1D). This result suggested that
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there existed gene expression patterns between these
two conditions of CG which might be able to mined
from our analysis and further constructed biological
networks.

Immune and metabolic characteristics of Cold/Hot ZHENG
cG

Based on our found molecular features of Cold/Hot
ZHENG CG, we further paid attention to the biological
processes or pathways enriched by these molecular fea-
tures. Firstly, we performed KEGG pathway enrichment
[16] and Gene Ontology (GO) enrichment [17] on 1846
DEGs (1241 genes up-regulated in Cold ZHENG and 605
genes up-regulated in Hot ZHENG) of CAG patients. It
was found that pathways and biological processes related
to immune and metabolism were significantly enriched
(Fig. 2A). Further, we performed Gene Set Enrichment
Analysis (GSEA) [18] on CAG patient and GSEA terms
that significantly enriched were shown in Fig. 2. It could
be found that, GSEA terms related to immune, inflam-
mation, cytokines and chemokines (Fig. 2B-D) were
activated in Hot ZHENG CAG patient (also can be
defined as inhibited terms in Cold ZHENG CAG patient,
NES < —1), while terms related to metabolism and secre-
tion of peptide, hormone, steroid (Fig. 2B, E), as well as
cellular junctions and adhesion were activated in Cold
ZHENG CAG patient (NES > 1). These findings suggested
that in Hot ZHENG CG, pathways or biological processes
related to immune and inflammation might be over-
developed, while in Cold ZHENG CG, the main distin-
guished features turned out to be activating in endocrine
and energy metabolism. Apart from CG, these modules
of immune regulation and metabolism had also been
reported in researches about other diseases [19-21].

As inferred by our previous findings, we focused on the
immune and inflammation characteristics in CG. Based
on CIBERSORT algorithm [22], proportions of different
immune cells were deconvoluted in Cold/Hot ZHENG
CG, respectively. It could be found that some immune
cells, represented by M1 macrophages, showed a sig-
nificantly different proportion in Hot ZHENG CG than
Cold ZHENG CG (Fig. 3A). The proportions of both M1
and M2 macrophages were significantly higher in Hot
ZHENG CG than that of Cold ZHENG CG, which might
confirm the findings that from the perspective of immune
and inflammation regulation, the most distinguishing
features between Hot ZHENG and Cold ZHENG gastri-
tis is the over-inflammation in Hot ZHENG and the sup-
pression of immune in Cold ZHENG.

In addition, we filter out 3 Hot ZHENG CAG samples
from large scale scRNA-seq of human gastric cancer pro-
gression. In this cellular level measurement of expression
of genes in these characteristic pathways and biological
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Fig. 2 Enrichment analysis forimmune and metabolic characteristics of Cold/Hot ZHENG CG A Dot plot of KEGG and GO enrichment analysis
for 1846 DEGs of CAG patients. B GSEA for genes and their expression of CAG patients. C-E GSEA result for Chemokine Pathway, Inflammatory
Response and Peptide Secretion, respectively

including 5-HT related gene HTR2B, corticotropin
releasing hormone related genes CRH, CRHR1 and
POMC, leptin related gene LEP and nitric oxide related
gene NOSI. On the contrary, genes related to immune
and inflammation were relatively higher expressed, espe-
cially in macrophages, which was consistent with our
above findings that macrophages significantly increased
in Hot ZHENG CG. These genes included CCL2, CD14,

processes related to immune regulation and metabolism,
we focused on some key molecules in Cold/Hot ZHENG
CG. It was found that biomarkers of Cold ZHENG CG
which participated in these key pathways and biologi-
cal processes, like HTR2B, CRH, NOS1 and LEP, hardly
expressed in any cell types in Hot ZHENG CG samples.
These genes were reported in previous study [8], and
were found to be related to key link in Cold ZHENG,
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Fig. 3 Network construction of Cold/Hot ZHENG CG. A Inference of the proportion of immune cells significantly changed in Cold ZHENG CAG
and Hot ZHENG CAG. B Expression of previous reported and newly found biomolecules for Cold/Hot ZHENG CAG in single-cell level of CAG
patients. C Box plots showing the expression of biomolecules during the progression of gastric cancer

NFKBI1, IL10RA, TNF and JAK2, which were related to
inflammation, cytokines, chemokines and immune regu-
lation (Fig. 3B). Based on public omics data, it was also
found that some of these biomarkers showed significant

changes in the progression from gastritis to dysplasia and
gastric cancer (Fig. 3C), and were reported to participant
in the progression of gastric cancer, such as LEP, CCL2,
CD14 and TNF. The expression of these biomolecules
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and their related biomolecules was found to be associ-
ated with gastric cancer progression and prognosis [23—
26], which also inferred that pathways or cells related to
these biomarkers may also play roles in cancer progres-
sion and prognosis. These findings inferred us that the
key biomolecules in Cold/Hot ZHENG might also play
important roles in other disease progressions which need
further analyses and researches. These complex features
in immune regulation and metabolism, as well as biomol-
ecules like TNF, VEGF, TGFB and NFKBI, also reflect
the potential risk of CG, especially CAG in inflamma-
tion-induced tumorigenesis according to our previous
constructed tumorigenesis network [27], and also be
reported in researches of tumorigenesis in other digestive
systems diseases like chronic hepatitis and enteritis [28,
29].

Finally, based on the combination of multi-omics
data and machine learning algorithms, we constructed
a homogeneous biological network, composed of key
seeds genes of Cold/Hot ZHENG and DEGs in both two
kinds of CG (Figure S1). In this network, the interactions
between every two genes were collected from STRING
database. It could be found that many of the seeds genes
played important roles in these network with high con-
nections, especially immune and inflammation-related
genes like CCL2, CD14, NFKB1, IL2RB, JAK2, VEGEC,
TGFB3 and IL10RA, most of which showed high expres-
sion in macrophages of Hot ZHENG CG patients.
Besides, some genes related to endocrine and energy
metabolism including SSTR2, SSTR5, HTR1A, CRH,
CRHR1 and POMC also had high degrees in this net-
work. It is worthy to be noticed that not only the biomol-
ecules in the network for Cold/Hot ZHENG CG, but also
the genes with close functional relationship or biological
relationship may play important role in the further diag-
nosis and mechanism uncovering of Cold/Hot ZHENG
CG.

According to our enrichment result, metabolism fea-
tures of CG is also of vital importance in the diagnosis
of Cold/Hot ZHENG CG. Metabolism related to peptide
is significantly enriched, and the interactions between
peptide and protein participate in various fundamental
cellular functions [30]. The pathologically elevated ster-
oid hormones may be accompanied by leptin resistance,
which weakens normal energy expenditure and thermo-
genesis [31]. In our previous study, we found that serum
level of leptin in CAG patients associated with Cold
ZHENG was significantly higher than normal subjects
[8]. Therefore, the presence of pathologically elevated
leptin levels in patients with cold ZHENG means that
their reduced energy expenditure and thermogenesis may
be due to leptin resistance. Conditional DIx1/2-null mice
showed a loss of growth hormone-releasing hormone
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neurons with higher somatostatin expression and lower
energy expenditure [32]. A previous study also showed
that somatostatin in the paraventricular nucleus of the
hypothalamus could inhibit thermogenesis [33], suggest-
ing that SSTR involves in energy expenditure. It has been
reported that 5-HT could inhibit thermogenesis through
Htr3 in brown adipose tissue [34]. Besides, in the median
preoptic nucleus, the thermoregulatory response is ini-
tiated by stimulation of GABA neurons, suggesting that
GABA plays an important role in the process of immune
regulation and energy expenditure [35]. Last but not the
least, the suppression of tight junction and gap junction
was associated with the activation of gene networks of
adaptive immunity [36]. And tight junction was reported
to be related to immune suppression in COVID-19 [37].

Characteristics of formulae for CG
From the perspective of system biology, we focused on
the potential effect on formulae for CG. We measured
some typical pathways or biological processes for Cold/
Hot ZHENG CG in our above findings in all 29 formulae
recorded in Pharmacopoeia. It was found that in specific
pathways or biological processes in immune regulation,
inflammation and steroid dominated energy metabolism,
the potential effect of different formulae differed from
others in immune-related pathways and biological pro-
cesses like immune cells, immune response, cytokines
and chemokine. Besides, some other pathways and bio-
logical processes related to energy reverse metabolism,
nitric oxide. On the contrary, steroid metabolic process,
response to steroid hormone, steroid hormone mediated
signaling pathway, regulation of inflammatory response
and response to oxidative stress were consistently sig-
nificantly enriched and might be a coincident potential
mechanism of these formulae against CG (Figure S2A).
All the 25 formulae could be pasted with six labels
for traditional effects, including ZI YIN, XIAO JI, SAN
HAN, QING RE, HUO XUE and XING QI. According to
TCM experience, these six labels were corresponded with
specific effects, in which ZI YIN, XIAO JI, SAN HAN,
QING RE, HUO XUE and XING QI means nourishing
humors, eliminating food stagnation, dispelling Cold,
removing Hot, promoting the restoration of vitality and
achieving smooth air flow, respectively. XING QI was
the most frequent effect for these formulae, and it was
positively correlated (Wilcoxon test, P value <0.05) with
the proportion of Hot herbs in a formula (Figure S2B,
C). Besides, ZI YIN had significantly positive correlation
with the proportion of Cold herbs, while SAN HAN had
significantly positive correlation with the proportion of
Hot herbs. In addition, XIAO JI and XING QI showed
a relatively positively correlation with the proportion of
Hot TCM in a formula. These findings were consistent
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with TCM theory that SAN HAN and XING QI are typi-
cal traditional effects of Hot and Warm herbs or formula
with Warm and Hot properties, while QING RE and
ZI YIN were the characteristics of Cold and Cool ones,
and might uncover the material basis of these related six
labels for traditional effects. Further, in the four signifi-
cantly different labels for traditional effects in formulae
with Cold/Hot herbs, we focused on the pathways of for-
mulae with them to uncover the mechanism of these four
traditional effects. It was found that pathways belonging
to signal transduction, endocrine and immune were the
most important in these four traditional effects, which
might consistently support our findings that metabolism
and immune regulation were the key mechanism of Cold/
Hot ZHENG CG.

Herbs and depiction of their target profiles in formulae
against CG

Another main finding of this study falls in the various
mechanism of actions of Cold/Hot herbs in traditional
formulae for CG. We collected 29 traditional formulae
for CG and their corresponding herbs from Pharmaco-
poeia. These 29 formulae totally included 242 herbs (132
unique herbs). In annotating the compound composi-
tion for these herbs from two large databases Symmap
and Herbiomap, 108 of these 132 herbs were successfully
matched with the compounds as well as Cold/Hot infor-
mation and meridian information. In total, 2853 unique
compounds were found in these herbs and annotated
with PubChem CID [38] for further targets prediction.

Target profiles of these compounds were calculated by
our previous network-based algorithm DrugCIPHER-SC
[14] and top 100 druggable targets of the profiles were
chosen as the targets for further analysis. In order to
measure the holistic targets of formulae and herbs, a pre-
vious statistical strategy [15] was performed and targets
with occurrence significance less than 0.05 (BH adjust-
ment) were chosen.

Cold/Hot information is one of the most important
information in TCM herbs. According to Pharmacopoeia,
the Hot and Cold properties have been divided into seven
levels: Cold, light Cold, Cool, Ping (a kind of state which
has no tendency to Cold or Hot), light Warm, Warm and
Hot (including great Hot). The first three levels belong to
Cold category and the last three levels belong to Hot cat-
egory. Herbs belonging to Warm held the largest popu-
lation with the amount of 45 and those of Cold held the
second largest population of 31, while herbs belonging to
Hot, light Warm and Cool held the least population.

Apart from Cold/Hot information, meridian was also
of vital importance for herbs, for the reason that it might
figure out the place where herbs took effect. Herbs in
traditional formulae for CG mainly includes 12 kinds of
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meridian, including triple energizer (tri-jiao, a special
TCM term), large intestine, small intestine, heart, peri-
cardium, liver, lung, kidney, stomach, gallbladder, spleen
and bladder. It was found that one herb might include
more than one meridian, which showed that herbs might
take effect in many tissues. It could be found that spleen
was the most frequent destination of these herbs and
liver, stomach, heart, lung and kidney ranked the sec-
ond to the sixth. On the contrary, triple energizer, peri-
cardium, gallbladder and bladder ranked at the end with
the amount less than 10. Besides, we also observed the
cross mapping of Cold/Hot properties and meridian
(Fig. 4A), and it was worthy to be noticed that the most
frequent pair was Warm and spleen. This finding was
corresponding with previous hypothesis, since spleen is
an important immune-related organ and one of the most
important effect of Hot herbs is enhancing immune regu-
lation. However, the distribution of Cold herbs seems to
be more concentrated in stomach, kidney, liver, lung and
heart rather than spleen.

Molecular features of targets of cold/hot herbs for CG

To address the complexity of herbal compositions, many
herbs may target the same biomolecules, as shown by
network target analysis. To distinguish the tendencies
of Cold and Hot herbs, we implemented a 0.7 threshold
(refer to Methods) and categorized the targets into three
groups: specific to Hot herbs, specific to Cold herbs, and
shared by both. Shared targets are those potentially tar-
geted by multiple Hot and Cold herbs simultaneously
(Figure S3A). Cold herb targets include biomolecules
such as TNF, ILR1, VEGFA, TLR2, and IL2RG, suggest-
ing their roles in anti-inflammation and immune regu-
lation (Figure S3C). Conversely, targets of Hot herbs are
involved in energy metabolism processes including ster-
oids, hormones, 5-HT, SSTR, NOS, CRH, and GABA,
and key immune response molecules like IL6R, CXCR1
(Figure S3D). Additionally, shared targets involve key
biological process participants like IL1B, CD4, AR, ESR1,
ESR2, NFKB1, TGFB1.

KEGG and GO enrichment were also performed on
Hot herbs targets and Cold herbs targets. It was found
that, in the enrichment result of Cold herbs targets,
biological processes related to inflammatory response,
cytokines, chemokines and immune cells represented
by macrophages were significantly enriched, as well as
inflammatory pathways including TNF, VEGEF, HIF-1a
signaling pathways. Apart from these immune-related
pathways or biological processes, those related to lipid
metabolism were also significantly enriched, like fatty
acid oxidation and lipid oxidation (Fig. 4B). The enrich-
ment result of Hot herbs targets was much different,
which mainly fell in biological processes bound up with
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inhibitory neurotransmitter like 5-HT, GABA, hor-
mone including steroid hormone, corticosteroid hor-
mone, peptide hormone and other endocrine hormones
(Fig. 4C). Besides, the result also included cellular pro-
cesses of T cells, like T cell activation and proliferation.
In general, these findings showed that in the one hand,

the mechanism of Cold herbs against Hot ZHENG
mainly fell in immune-related and inflammation-related
factors, as well as metabolism like lipid metabolism to
some extent. On the other hand, the treatment of Hot
herbs against Cold ZHENG CG were mainly related to
neurotransmitter and endocrine, which further proved
the closer relationship between Cold ZHENG CG and
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stress-induced factors, and showed therapeutic poten-
tial of Hot herbs in this regard.

Through public transcriptomics dataset of TCM inter-
vened THP-1 cell lines in previous study [39], there were
21 Hot herbs and 17 cold herbs recorded in the dataset
matched with the total 108 herbs for CG. Based on the
transcriptomics data, it was possible for us to identify
the regulatory direction of Cold/Hot herbs on these tar-
gets to some extent (Fig. 4D). It was found that targets
like TNF, CCL2, CD86 and CSF1R showed consistently
downregulation by both Cold/Hot herbs, and according
to the literature, they played important roles in immune
and inflammation regulation [40—43]. On the other hand,
targets like HSPA1A and MAPK10 were both up-reg-
ulated by Cold/Hot herbs. Besides, targets like TGFBI,
ICAM1 received up-regulation and down-regulation
from many Cold/Hot herbs while IL6 and VEGFA were
subject to bidirectional regulation but primarily down-
regulated by both Cold/Hot herbs. In additional, SSTR2
were found to be decreased by Cold/Hot herbs (Fig-
ure S3E), which might lead to the change of Somatostatin
(SS) [44, 45]. It was worth to be noticed that SS and its
receptor played important roles in gastric diseases [46—
48], and its absence might induce GC [49].

Bidirectional regulatory effect of TCM in cold and hot CG
These results preliminarily revealed the mechanisms of
action of Cold/Hot herbs in the treatment of CG asso-
ciated with Cold/Hot ZHENG (Fig. 5). These functional
characteristics of Cold/Hot herbs in CG formulae for
immune regulation and metabolism regulation were also
found to be therapeutic targets in researches of other for-
mulae for other diseases [50-53].

Based on what we found for molecular features of
Cold/Hot herbs, two specific networks for the Cold/Hot
herbs targets respectively, according to the interaction
recoded in STRING database (Figure S4). In Cold herbs
targets, INS, TLR2, VEGFA, TNE, IL1R1 and TGFB3
showed a vital role in the targets network of Cold herbs
for CG. And in Hot herbs targets, 5-HT related genes
HTRI1A and HTR1B, NOS1, GABA-related genes GAB
family and CRH, as well as somatostatin receptor includ-
ing SSTR2 and SSTR5 were found in the targets network
of Hot herbs for CG. In other words, Hot herbs might
regulate Cold ZHENG gastritis through regulating endo-
crine and energy metabolism. Apart from these genes,
targets like CCL2, IL6, JAK2, IL2RA and CXCR1 were
also of vital importance in the Hot herbs’ targets net-
work, which might infer us that another potential mecha-
nism of Hot herbs against Cold ZEHNG gastritis was to
regulate immune responses.

Immune-related pathways and biomolecules like
TLR2 and CD14 were potential targets of Weifuchun
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capsule, which was clinically used for CAG, composed
of Cold/Hot herbs and performed effect on both Cold/
Hot ZHENG, like regulating immune response and anti-
inflammation [54]. Huangqi Jianzhong decoction, a for-
mula for Cold ZHENG CG, showed protective effects
in CAG rats might be due to the balance of energy
expenditure [55]. Taken together, the thermogenesis and
immune-enhancing effects of Hot herbs may contribute
to the therapeutic effect on Cold ZHENG CG. For herbs
with cold property, their treatment of Hot ZHENG CG
relies mainly on their anti-inflammatory effects, such
as involving the TNF signaling pathway, NF-«B signal-
ing pathway, and VEGF signaling pathway. Zuojin Pill is
used in the treatment of Hot CG because it contains the
cold property herb (Huanglian, dried rhizome of Coptis
chinensis Franch., Coptis teeta Wall., and Coptis deltoidea
C.Y.Cheng and P.K.Hsiao), which has been shown to have
anti-inflammatory effects on CAG in rats by inhibiting
the NF-«B signaling pathway [56]. Another widely used
formula for CAG, Moluodan, was reported to reduce the
inflammation level, as well as increasing lipid accumula-
tion in MNNG-induced cells [57]. Serum levels of TNEF-
a, IL-8, and VEGF have been reported to be associated
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with the severity of CG, the severe degree of neutro-
phil infiltration in CG, and the severity of precancerous
lesions in the stomach, respectively [58]. Weiqi decoc-
tion formula has been reported to reduce VEGF levels
in CAG rats [59]. The inhibition of the inflammatory
response is the main therapeutic route for cold property
herbs in the treatment of Hot ZHENG CG. Besides, lep-
tin is considered to be a link between the neuroendocrine
and immune systems and could be a possible target for
intervention in immunometabolism-mediated patho-
physiology and it has been reported that leptin resistance
individuals have lower NK cell count and function than
normal individuals [60]. Gastric mucosal leptin expres-
sion was significantly higher in H. pylori-positive patients
than in negative patients [61]. Thus, in the context of
immune-metabolic imbalances, leptin appears to be the
pivotal molecule in the treatment of Cold/Hot CG with
Cold/Hot herbs.

Transcriptomic level validation of the cold/hot regulatory
effects of TCM

To demonstrate the role of TCM formulae in treating gas-
tritis from the perspective of Cold and Hot, we selected a
classic formula, Jin Hong tablets (a formula contains one
Cold herb, Toosendan Fructus and three Warm herbs),
which might have bi-directional regulatory effects from
the perspective of Cold/Hot, constructed gastritis mod-
els and validated our findings through transcriptom-
ics and molecular detection. Based on the differentially
expressed genes identified in blood samples and gastric
tissue samples (Fig. 6A, B), KEGG pathway enrichment
analysis was performed on upregulated and downregu-
lated genes (Fig. 6C). It was found that pathways related
to Organismal systems, especially immune systems and
endocrine system were significantly changed after the
intervention of Jin Hong tablets. For example, estrogen
signaling pathway were significantly enriched (Fig. 6D),
and was reported to be of vital importance in both energy
metabolism [62-64] and immune regulation [65, 66],
which was consistent with our findings. More specifically,
we observed the enrichment of differentially expressed
genes in biological processes (Fig. 6E) and it was found
that in gastric tissues, a significant number of metabolic-
related biological processes underwent notable changes,
including those related to peptides, glucose, and oth-
ers. On the other hand, in blood, a significant number
of immune-related biological processes were altered,
including those related to immune response, cytokines,
and various immune cells.

By deconvolving the transcriptomic expression
matrix, we depicted the proportion changes of 6
major immune cells in gastric tissues before and after
intervention, as well as in blood before and after
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intervention (Fig. 6F). For example, the proportions
in CD8+T cell and regulatory T cell undergone sig-
nificantly changed after the intervention of Jin Hong
tablets (Fig. 6G), which to some extent represented
the restoration of immune response capabilities [67].
Finally, we measured the core targets in Cold/Hot bio-
logical networks, including IL-2, IL-6, SS and Leptin
and found that their expression significantly recovered
to normal levels (Fig. 6H).

Materials and methods

Differential analysis and PLS-DA for cold/hot ZHENG CG
According to the previous article, microarray data were
collected from outpatients experiencing upper gastro-
intestinal discomfort undergoing endoscopic examina-
tions at Beijing Dongzhimen TCM Hospital and Beijing
Xiyuan TCM Hospital. Their histopathology was graded
and classified as CSG or CAG based on the updated Syd-
ney System [68, 69]. Two senior gastroenterologists spe-
cializing in TCM diagnosed the patients with either Cold
ZHENG or Hot ZHENG.

To find the significantly differential expressed genes in
Cold/Hot ZHENG CG, R package limma [70] were used
to construct the generalized linear model. Genes with
significant changes (log,(Fold Change) >1 or <—1, adjust
P value<0.05, BH correction) were considered as differ-
entially expressed genes in CAG and CSG, respectively.
The DEGs in Cold/Hot ZHENG CG were defined as the
DEGs in both Cold/Hot ZHENG CAG and CSG (adjust
P value<0.05, BH correction). PLS-DA (Partial Least
Squares Discriminant Analysis) was performed based on
R package mixOmics [71] v6.14.1. VIP (Variable Impor-
tance in the Projection) for seeds genes of Cold/Hot
ZHENG was calculated to estimate the importance of
each seeds gene in contributing to distinguishing Cold/
Hot ZHENG CG (VIP > 1) with function PLSDA.VIP().

Enrichment analysis and immune characteristics of cold/
hot ZHENG CG

To find the enriched pathways or biological processes
which biomolecular features of Cold/Hot ZHENG CG
involved in, enrichment analyses were performed based
on R package clusterProfiler [72], including KEGG
enrichment, GO enrichment and GSEA (Gene Set
Enrichment Analysis). Pathways or biological processes
significantly enriched (adjust P value<0.05, BH correc-
tion) were kept for further analysis. Besides, for GSEA
results, pathways or biological processes significantly
enriched were further divided into ‘active’ or ‘inhibit’
based on their positive or negative NES (Normalized
Enrichment Score) value.
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Targets prediction of formulae, herbs and corresponding
compounds

In order to predict the potential targets of compounds in
herbs of formulae for CG, based on our network-based
computational algorithm, durgCIPHER-CS [14], the
genome-wide targets and druggable targets were calcu-
lated. Top 100 targets of the druggable targets for each
compound were considered as the target profile for each
compound. A computational strategy [15] was performed
to calculate the holistic targets of our collected formulae
for CG and the Cold/Hot herbs that made up them. Tar-
gets with significant occurrence (adjust P value < 0.05, BH
correction) were listed as the holistic targets of the herbs
or formulae.

Definition of cold/hot herbs’ targets and network
construction

Taking the complex composition of herbs into considera-
tion, many biomolecular might be the potential targets
for many herbs. A strategy was implemented there to
define targets for Hot herbs, Cold herbs and both Cold/
Hot herbs. For each target, the counts of Cold/Hot herbs
targeting on it were normalized on the total amount of
Cold/Hot herbs and the ratio of the normalized counts
of Cold/Hot herbs was used to divided targets into three
groups, including targets of Hot herbs, targets of Cold
herbs and shared targets. For Cold/Hot ZHENG CG, the
biological network was constructed by the seeds genes
with VIP value larger than 1 and DEGs in both CSG and
CAG. Node side of each seeds gene depended on the VIP
value. Besides, the biological networks for the targets of
Cold/Hot herbs were constructed by the unions of tar-
gets of Cold/Hot herbs, respectively and seeds genes with
VIP value larger than 1. All the gene—gene interactions
in these networks were collected from STRING database
[73].

Analysis of cold/hot TCM and traditional efficacy

To depict the potential mechanisms of formulae on
features of Cold/Hot ZHENG CG, based on the holis-
tic targets of formulae, KEGG and GO enrichment was
performed through R package clusterProfiler (adjust P
value<0.05, BH correction). Six labels for traditional
effects, including ZI YIN, XIAO JI, SAN HAN, QING
RE, HUO XUE and XING QI could paste on these for-
mulae according to TCM experience. And whether the
label showed correlation with the composition of Cold/
Hot herbs depended on Spearman correlation test (P
value <0.05).

Animal model construction and intervention
The animal experiment was conducted in accord-
ance with the internationally accepted principles for
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laboratory animal use with the animal certificate number
2023100511 by Kangyuan Pharmaceutical Experimental
Animal Ethics Committee. After adaptive breeding of
the animals, except for the normal control group, the rest
of the rats started continuous modeling for 42 days to
establish an experimental CSG (chronic superficial gas-
tritis) model in rats using combined factors: a mixture of
30% ethanol and 2% sodium salicylate solution, adminis-
tered three times a week at a dose of 10 mL/kg by gavage;
10 mmol/L sodium deoxycholate, administered twice a
week at a dose of 10 mL/kg by gavage; 0.05% ammonia
water provided as the daily drinking water for free con-
sumption by the rats; and irregular feeding patterns, with
2 days of full feeding followed by 1 day of fasting.

Then, medication was administered by gavage for
30 days (for the first 15 days in the morning, continuous
modeling was carried out (for both the model group and
various medication groups), and in the afternoon, the
model group was given saline by gavage, while the medi-
cation groups were given low-dose Jin Hong tablets at
70 mg/kg and high-dose at 280 mg/kg (Jin Hong tablets,
Batch number: 230602, provided by Jiangsu Kanion Phar-
maceutical Co, Ltd). Food was withheld the day before
tissue collection, but water was not.

RNA-seq sampling and analysis

Blood Samples: Blood is collected from the abdominal
aorta, with 1 mL of blood transferred into an anticoag-
ulant tube, then into a 15 mL centrifuge tube (pre-filled
with 5 mL of Vezol Reagent). Stomach Tissue Samples:
Take 20 mg of stomach tissue into a 1.5 mL centrifuge
tube (pre-filled with 1 mL of AllProtect” animal tissue
nucleic acid and protein stabilizing solution).

RNA-seq analysis was conducted based on R package
DESeq2 v1.30.0 and clusterProfiler v4.9.0. Significantly
differential expressed genes (P value < 0.05) were kept for
further analysis. Pathways and biological processes were
enriched on KEGG, GO and GSEA. Immune cell frac-
tions were inferred by CIBERSORT into 6 main classes
and 22 sub classes with default parameters.

Serum biomolecular detection

On the day before the test, food was withheld but not
water. The rats were anesthetized with 20% urethane
(6 mL/kg), fixed in a supine position, and the abdomi-
nal skin was cut open to isolate the abdominal aorta for
blood collection. The collected blood was then placed on
ice, centrifuged 2 h later at 3500 rpm for 10 min. After
obtaining the serum, it was aliquoted and stored in a
—80 °C freezer for subsequent detection using kits. Rat
serum samples were tested for the contents of IL-6, IL-2,
Leptin, and SS according to the instructions of the ELISA
kits.
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Discussion

Hot and Cold ZHENG is a dominating theory in TCM
and they represent different conditions and phenotypes
within one disease [74]. For example, in previous stud-
ies, significant differential symptoms in a cohort of cases
with SARS were closely related to Cold ZHENG [75].
However, the mechanism of Cold/Hot ZHENG, as well
as that of “Hot herbs for Cold ZHENG, Cold herbs for
Hot ZHENG” remain unclear. In this study, on the basis
of network target [76], we conducted a comprehensive
study of Cold/Hot ZHENG CG and corresponding tradi-
tional formulae for gastritis composed of Cold/Hot herbs
to uncover the mechanism of two traditional properties,
Hot and Cold for diseases and herbs originating from
ancient China.

Based on microarray datasets for CG of different
ZHENG and advanced machine learning algorithms, we
found the genes of vital importance as well as pathways
or biological processes significantly enriched and con-
structed a biological network of seeds genes of Cold/Hot
ZHENG and DEGs in CG of different ZHENG. It was
found that pathways and biological processes related to
immune and inflammation regulation were significantly
active in Hot ZHENG patients and their related biomol-
ecules were considered as hub nodes in this network due
to their high degrees. Meanwhile, pathways and biologi-
cal processes related to steroid and hormones were found
to be active in Cold ZHENG and the corresponding bio-
molecules were also of vital importance in the network.

In general, the findings in this study could infer us
that the main differences between Hot ZHENG and
Cold ZHENG CG might be the over-inflammation in
Hot ZHENG, as well as the suppression of immune and
energy metabolism in Cold ZHENG. Consistent with
our previous study that hormone-related biological pro-
cesses are predominant in the Cold ZHENG network and
immune-related biological processes are predominant
in the Hot ZHENG network [11]. More specifically, they
might suggest that there are different biological mecha-
nisms between Hot and Cold ZHENG CG, implying that
different specific treatment strategies are required for
CG depending on ZHENG. Chemokines and cytokines
like CCL2 were important biomolecules representing
Hot ZHENG from the aspect of immune regulation and
inflammation [8], while leptin and nitric oxide involved
energy metabolism was another representative difference
between Hot and Cold ZHENG.

Then, based on network analysis, we carried out net-
work target analysis and described the holistic targets
profiles of formulae for CG and their corresponding com-
position of Cold/Hot herbs. Apart from the target infor-
mation, we also took meridian and Cold/Hot information
into account to find the potential relationship between
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Cold/Hot properties and the tissues where herbs might
take effect in. Targets of Cold/Hot herbs were divided
into three groups and interestingly, it was found that tar-
gets of Hot herbs were significantly enriched in metab-
olism, regulation or endocrine of GABA, hormones,
steroids and 5-HT, which were reported to be closely
related to energy metabolism and thermogenesis, while
targets of Cold herbs were mainly enriched in inflamma-
tion regulation like TNF, HIF-1, VEGF signaling path-
way as well as immune response including cytokines,
chemokines and cellular processes of immune cells. In
our constructed biological targets network for Cold/
Hot herbs against CG, biomolecules related to inflam-
mation and immune regulation like TNF, TLR2, TGFB3,
IL2RG, IL1R1 and VEGF were of vital importance for
Cold herbs, while those involved in energy metabolism
like SSTR, HTR, GABA and CRH, as well as those related
to immune response like CCL2, IL6, IL2RA, IL2RB and
JAK2 played important roles in the network for Hot
herbs.

Considering the difference in the immune status of Hot
and Cold ZHENG CG and the risk of transformation of
CG into cancer, we analyzed and compared the asso-
ciation between Cold/Hot ZHENG CG and Cold/Hot
tumors. The hot tumors are characterized by immune
activation with T cell infiltration, whereas Cold tumors
show lack of T cell infiltration or absence [77]. In this
study, we found that the biological processes related to
immunity, inflammation, cytokines and chemokines
were activated in patients with Hot ZHENG CAG and
inhibited in patients with Cold ZHENG CAG. Some
key seeds genes of Hot/Cold ZHENG play an important
role in converting cold tumors into hot tumors through
increased T-cell infiltration, such as TGFB, CCL2, VEGE,
and TLR [78]. TGFB is an immunosuppressive molecule,
and its inhibition increases T cell infiltration [79]. Loss
or low expression of specific chemokines and their cor-
responding receptors, such as CCL2 and CCL5, reduces
infiltration of effector T lymphocytes [80]. It has been
reported that VEGF could interrupt T-cell priming,
inhibit DC maturation and exhaust CTLs [81]. Thus, the
recognition of Cold/Hot ZHENG of tumors, such as gas-
tric carcinoma, is particularly important due to the dif-
ferent immune modulation by Cold/Hot herbs treatment.

Last but not least, in order to achieve personalized
and precise medical treatment, precision medicine [82],
as well as precision TCM [83] which originates from it,
provides a new insight for present medical strategy. The
diagnosis of Cold/Hot ZHENG is a holistic observation
which potentially represents the states of immune regu-
lation and energy metabolism for patients. And deci-
sion on Cold/Hot herbs based on corresponding Cold/
Hot ZHENG may be a kind of precision TCM based on
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the macroscopic phenotypes combined with traditional
experience. With the help of research to uncover the
mechanism of Cold/Hot ZHENG and herbs, the poten-
tial law of precision TCM from the perspective of Cold
and Hot may be revealed and thus facilitate newer and
more precise medical strategy.

There were still some limitations in this study. Firstly,
we summarized the mechanism of Cold/Hot ZHENG
CG and Cold/Hot herbs for CG formulae to the level of
pathways and biological processes, combined with pre-
sent studies and proposed some potential biomarkers of
these mechanisms. However, these biomarkers haven't
been verified in detail. Then, compounds of each herb
in the formulae for CG were collected from databases
for TCM. However, the recorded data in these data-
bases might not be as accurate as the result detected by
high-performance liquid chromatography analysis or
other detection analysis. Besides, in the perspective of
formulae, we haven’t completely uncovered the mech-
anism for each of them due to their complex compo-
sition and some of them were composed of both Hot
and Cold herbs, forming complicated effect on chronic
gastritis. Fortunately, these shortcomings of data con-
stitution could be partly made up by our network-based
algorithms and network target analysis. And the further
analysis of each formulae might need be treated and
analyzed respectively to reveal the comprehensive and
specific mechanism for them each.

In conclusion, from two starting points, we conducted
exhaustive analysis to find vital biomolecules and bio-
logical features for Cold/Hot ZHENG CG and Cold/Hot
herbs for CG based on the combination of gene expres-
sion data, network analysis, statistic models and machine
learning algorithms. And it was found that two specific
characteristics between Hot and Cold ZHENG were the
differences in immune and inflammation responses, as
well as those in endocrine, energy metabolism, and ther-
mogenesis. In general, Hot ZHENG CG showed a trend
of over-inflammation and exuberant energy metabo-
lism, and that in Cold ZHENG CG was the suppress of
immune regulation and energy metabolism. Besides,
in the aspect of Cold/Hot herbs, Hot herbs preferred
to target on the biomolecules or biological processes of
immune response and energy metabolism, while Cold
herbs had the potential effect on inflammation and
immune regulation. This study didn’t only uncover the
potential mechanism of Cold/Hot ZHENG CG and Cold/
Hot herbs in formulae for CG, but also might potentially
provide a new insight for diagnosis of Cold/Hot ZHENG
in diseases and further offer better and more precise
medication strategies for Cold/Hot ZHENG patients to
achieve precision TCM in the treatment of diseases like
gastritis.

Page 150f 17

Abbreviations
CAG Chronic atrophic gastritis

G Chronic gastritis

CSG Chronic superficial gastritis

DEGs Differentially expressed genes

PLS-DA  Partial least squares discriminant analysis
™M Traditional Chinese medicine

VIP Variable importance

KEGG Kyoto Encyclopedia of Genes and Genomes
GO Gene ontology

GSEA Gene set enrichment analysis

SCRNA Single-cell RNA

SS Somatostatin

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513020-024-00998-8.

[ Supplementary Material 1. }

Author contributions

Conceptualization, S.L; supervision, S.L. and T.Z,; experimental design, T.Z,;
investigation, BW. and PC,; data curation, BW. and PC,; formal analysis, B.W.
and T.Z; experimental execution, L.X; writing—original draft preparation, B.W.
and PC,; writing—review and editing, S.L, H.C, L.C. and PZ; visualization, B.W.
and Z.Z. All authors have read and agreed to the published version of the
manuscript.

Funding

This work was supported by the Jiangsu Provincial Department of Science and
Technology-Basic Research Program Natural Science Fund—Frontier Leading
Technology Basic Research Special Project “Research on the efficacy substance
of traditional Chinese medicine compound based on the combination of
disease and syndrome” (SBK2023050003), grants from the National Natural Sci-
ence Foundation of China (T2341008) and the Anhui Province Traditional Chi-
nese Medicine Science and Technology Research Project (202303a07020001).

Declarations

Competing interests

The authors declare that they have no known competing financial interests
or personal relationships that could have appeared to influence the work
reported in this paper.

Author details

UInstitute for TCM-X, MOE Key Laboratory of Bioinformatics, Bioinformatics
Division, BNRist, Department of Automation, Tsinghua University, Bei-

jing 100084, China. 2School of Pharmacy, Shanghai University of Traditional
Chinese Medicine, Shanghai 201203, China. >State Key Laboratory on Tech-
nologies for Chinese Medicine Pharmaceutical Process Control and Intelligent
Manufacture, Jiangsu Kanion Pharmaceutical Co. Ltd, Lianyungang 222047,
Jiangshu, China. *Nanjing University of Chinese Medicine, Nanjing 210023,
Jiangshu, China.

Received: 23 June 2024 Accepted: 5 September 2024
Published online: 04 October 2024

References

1. DuY,etal. Chronic gastritis in China: a national multi-center survey. BMC
Gastroenterol. 2014;14:21. https://doi.org/10.1186/1471-230X-14-21.

2. Sipponen P, Maaroos HI. Chronic gastritis. Scand J Gastroenterol.
2015;50:657-67. https://doi.org/10.3109/00365521.2015.1019918.


https://doi.org/10.1186/s13020-024-00998-8
https://doi.org/10.1186/s13020-024-00998-8
https://doi.org/10.1186/1471-230X-14-21
https://doi.org/10.3109/00365521.2015.1019918

Wang et al. Chinese Medicine

20.

21.

22.

23.

(2024) 19:134

Zhang P, et al. Dissecting the single-cell transcriptome network underly-
ing gastric premalignant lesions and early gastric cancer. Cell Rep.
2019;27:1934-47. https://doi.org/10.1016/j.celrep.2019.04.052.

Li S, Lu AP, Zhang L, Li YD. Anti-Helicobacter pylori immunoglobulin G
(IgG) and IgA antibody responses and the value of clinical presentations
in diagnosis of H. pylori infection in patients with precancerous lesions.
World J Gastroenterol. 2003;9:755-8. https://doi.org/10.3748/wjg.v9.i4.
755.

Qin F, Liu JY, Yuan JH. Chaihu-Shugan-San, an oriental herbal prepara-
tion, for the treatment of chronic gastritis: a meta-analysis of randomized
controlled trials. J Ethnopharmacol. 2013;146:433-9. https://doi.org/10.
1016/jjep.2013.01.029.

Elhadidy MG, El Nashar EM, Alghamdi MA, Samir SM. A novel gastropro-
tective effect of zeaxanthin against stress-induced gastritis in male rats
targeting the expression of HIF-1alpha, TFF-1 and MMP-9 through PI3K/
Akt/JNK signaling pathway. Life Sci. 2021;273: 119297. https://doi.org/10.
1016/.1fs.2021.119297.

Tang XD, et al. Clinical practice guideline of Chinese medicine for chronic
gastritis. Chin J Integr Med. 2012;18:56-71. https://doi.org/10.1007/
$11655-012-0960-y.

LiR MaT, GuJ, Liang X, Li S. Imbalanced network biomarkers for
traditional Chinese medicine Syndrome in gastritis patients. Sci Rep.
2013;3:1543. https://doi.org/10.1038/srep01543.

Li S, Zhang B. Traditional Chinese medicine network pharmacology:
theory, methodology and application. Chin J Nat Med. 2013;11:110-20.
https://doi.org/10.1016/51875-5364(13)60037-0.

Li S. Network target: a starting point for traditional Chinese medicine
network pharmacology. China J Chin Mater Med. 2011,36:2017-20.

. LiS, etal Understanding ZHENG in traditional Chinese medicine in the

context of neuro-endocrine-immune network. IET Syst Biol. 2007;1:51-60.
https://doi.org/10.1049/iet-syb:20060032.

Zibo Ouyang SL. HerbBioMap2.0 Database Platform Building & Mining.
Master of Engineering thesis, Tsinghua university, (2014).

WuY, et al. SymMap: an integrative database of traditional Chinese medi-
cine enhanced by symptom mapping. Nucleic Acids Res. 2019;47:D1110-
7. https://doi.org/10.1093/nar/gky1021.

Zhao S, Li S. Network-based relating pharmacological and genomic
spaces for drug target identification. PLoS ONE. 2010;5: e11764. https://
doi.org/10.1371/journal.pone.0011764.

Liang X, Li H, Li S. A novel network pharmacology approach to analyse
traditional herbal formulae: the Liu-Wei-Di-Huang pill as a case study. Mol
Biosyst. 2014;10:1014-22. https://doi.org/10.1039/c3mb70507b.
Kanehisa M, Furumichi M, Sato Y, Ishiguro-Watanabe M, Tanabe M.

KEGG: integrating viruses and cellular organisms. Nucleic Acids Res.
2021;49:D545-51. https://doi.org/10.1093/nar/gkaa970.

Gene Ontology C. The Gene Ontology resource: enriching a gold mine.
Nucleic Acids Res. 2021;49:D325-34. https://doi.org/10.1093/nar/gkaa’l
113.

Subramanian A, et al. Gene set enrichment analysis: a knowledge-based
approach for interpreting genome-wide expression profiles. Proc Natl
Acad Sci U S A. 2005;102:15545-50. https://doi.org/10.1073/pnas.05065
80102.

HuangY, Li S. Detection of characteristic sub pathway network for angio-
genesis based on the comprehensive pathway network. BMC Bioinform.
2010;11:5S32. https://doi.org/10.1186/1471-2105-11-51-S32.

Lin XM, et al. Choline kinase alpha mediates interactions between the
epidermal growth factor receptor and mechanistic target of rapamycin
complex 2 in hepatocellular carcinoma cells to promote drug resistance
and xenograft tumor progression. Gastroenterology. 2017;152:1187-202.
https://doi.org/10.1053/j.gastro.2016.12.033.

Guo YC, et al. Network-based combinatorial CRISPR-Cas9 screens identify
synergistic modules in human cells. Acs Synth Biol. 2019;8:482-90.
https://doi.org/10.1021/acssynbio.8b00237.

Newman AM, et al. Determining cell type abundance and expression
from bulk tissues with digital cytometry. Nat Biotechnol. 2019;37:773-82.
https://doi.org/10.1038/541587-019-0114-2.

Geng Y, et al. Leptin and HER-2 are associated with gastric cancer pro-
gression and prognosis of patients. Biomed Pharmacother. 2012;66:419—
24 https://doi.org/10.1016/j.biopha.2012.03.002.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Page 16 of 17

QuYY, et al. The effects of TNF-alpha/TNFR2 in regulatory T cells on the
microenvironment and progression of gastric cancer. Int J Cancer.
2022;150:1373-91. https://doi.org/10.1002/ijc.33873.

Zhu Q, et al. The IL-6-STAT3 axis mediates a reciprocal crosstalk between
cancer-derived mesenchymal stem cells and neutrophils to synergisti-
cally prompt gastric cancer progression. Cell Death Dis. 2014;5: €1295.
https://doi.org/10.1038/cddis.2014.263.

Companioni O, et al. Genetic variation analysis in a follow-up study of
gastric cancer precursor lesions confirms the association of MUC2 vari-
ants with the evolution of the lesions and identifies a significant associa-
tion with NFKB1 and CD14. Int J Cancer. 2018;143:2777-86. https://doi.
org/10.1002/ijc.31839.

GuoYY, et al. Multiscale modeling of inflammation-induced tumorigenesis
reveals competing oncogenic and oncoprotective roles for inflamma-
tion. Cancer Res. 2017;77:6429-41. https://doi.org/10.1158/0008-5472.
CAN-17-1662.

Wang LF, et al. The extracellular matrix protein mindin attenuates colon
cancer progression by blocking angiogenesis via Egr-1-mediated regula-
tion. Oncogene. 2018;37:601-15. https://doi.org/10.1038/0nc.2017.359.
Zhao X, et al. Gankyrin drives malignant transformation of chronic liver
damage-mediated fibrosis via the Rac1/JNK pathway. Cell Death Dis.
2015;6: e1751. https://doi.org/10.1038/cddis.2015.120.

Lei Y, et al. A deep-learning framework for multi-level peptide-protein
interaction prediction. Nat Commun. 2021;12:5465. https://doi.org/10.
1038/541467-021-25772-4.

Park HK, Ahima RS. Physiology of leptin: energy homeostasis, neuroendo-
crine function and metabolism. Metabolism. 2015;64:24-34. https://doi.
0rg/10.1016/j.metabol.2014.08.004.

Lee B, et al. DIx1/2 and Otp coordinate the production of hypothalamic
GHRH- and AgRP-neurons. Nat Commun. 2018;9:2026. https://doi.org/10.
1038/541467-018-04377-4.

Atrens DM, Menendez JA. Somatostatin and the paraventricular hypo-
thalamus: modulation of energy balance. Brain Res. 1993;630:238-44.
https://doi.org/10.1016/0006-8993(93)90662-7.

Oh CM, et al. Regulation of systemic energy homeostasis by serotonin

in adipose tissues. Nat Commun. 2015;6:6794. https://doi.org/10.1038/
ncomms?7794.

Richard D. Cognitive and autonomic determinants of energy homeostasis
in obesity. Nat Rev Endocrinol. 2015;11:489-501. https://doi.org/10.1038/
nrendo.2015.103.

Adamovsky O, et al. Evaluation of microbiome-host relationships in the
zebrafish gastrointestinal system reveals adaptive immunity is a target

of bis(2-ethylhexyl) phthalate (DEHP) exposure. Environ Sci Technol.
2020;54:5719-28. https://doi.org/10.1021/acs.est.0c00628.

Tian W, et al. Immune suppression in the early stage of COVID-

19 disease. Nat Commun. 2020;11:5859. https://doi.org/10.1038/
s41467-020-19706-9.

Kim S, et al. PubChem in 2021: new data content and improved web
interfaces. Nucleic Acids Res. 2021;49:D1388-95. https://doi.org/10.1093/
nar/gkaa971.

Qiao L, et al. Evaluation of the immunomodulatory effects of anti-
COVID-19 TCM formulae by multiple virus-related pathways. Signal Trans-
duct Target Ther. 2021;6:50. https://doi.org/10.1038/541392-021-00475-w.
Wang Y, et al. Early posttraumatic CSF1R inhibition via PLX3397 leads

to time- and sex-dependent effects on inflammation and neuronal
maintenance after traumatic brain injury in mice. Brain Behav Immun.
2022;106:49-66. https://doi.org/10.1016/j.bbi.2022.07.164.

Kanayama M, et al. CD86-based analysis enables observation of bona fide
hematopoietic responses. Blood. 2020;136:1144-54. https://doi.org/10.
1182/blood.2020004923.

Hanc P, et al. Multimodal control of dendritic cell functions by nocicep-
tors. Science. 2023;379:eabm5658. https://doi.org/10.1126/science.
abm5658.

Kalliolias GD, Ivashkiv LB. TNF biology, pathogenic mechanisms and
emerging therapeutic strategies. Nat Rev Rheumatol. 2016;12:49-62.
https://doi.org/10.1038/nrrheum.2015.169.

Fujita T, Yamaji Y, Sato M, Murao K, Takahara J. Gene expression of soma-
tostatin receptor subtypes, SSTR1 and SSTR2, in human lung cancer cell
lines. Life Sci. 1994,55:1797-806. https://doi.org/10.1016/0024-3205(94)
90090-6.


https://doi.org/10.1016/j.celrep.2019.04.052
https://doi.org/10.3748/wjg.v9.i4.755
https://doi.org/10.3748/wjg.v9.i4.755
https://doi.org/10.1016/j.jep.2013.01.029
https://doi.org/10.1016/j.jep.2013.01.029
https://doi.org/10.1016/j.lfs.2021.119297
https://doi.org/10.1016/j.lfs.2021.119297
https://doi.org/10.1007/s11655-012-0960-y
https://doi.org/10.1007/s11655-012-0960-y
https://doi.org/10.1038/srep01543
https://doi.org/10.1016/S1875-5364(13)60037-0
https://doi.org/10.1049/iet-syb:20060032
https://doi.org/10.1093/nar/gky1021
https://doi.org/10.1371/journal.pone.0011764
https://doi.org/10.1371/journal.pone.0011764
https://doi.org/10.1039/c3mb70507b
https://doi.org/10.1093/nar/gkaa970
https://doi.org/10.1093/nar/gkaa1113
https://doi.org/10.1093/nar/gkaa1113
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1186/1471-2105-11-S1-S32
https://doi.org/10.1053/j.gastro.2016.12.033
https://doi.org/10.1021/acssynbio.8b00237
https://doi.org/10.1038/s41587-019-0114-2
https://doi.org/10.1016/j.biopha.2012.03.002
https://doi.org/10.1002/ijc.33873
https://doi.org/10.1038/cddis.2014.263
https://doi.org/10.1002/ijc.31839
https://doi.org/10.1002/ijc.31839
https://doi.org/10.1158/0008-5472.CAN-17-1662
https://doi.org/10.1158/0008-5472.CAN-17-1662
https://doi.org/10.1038/onc.2017.359
https://doi.org/10.1038/cddis.2015.120
https://doi.org/10.1038/s41467-021-25772-4
https://doi.org/10.1038/s41467-021-25772-4
https://doi.org/10.1016/j.metabol.2014.08.004
https://doi.org/10.1016/j.metabol.2014.08.004
https://doi.org/10.1038/s41467-018-04377-4
https://doi.org/10.1038/s41467-018-04377-4
https://doi.org/10.1016/0006-8993(93)90662-7
https://doi.org/10.1038/ncomms7794
https://doi.org/10.1038/ncomms7794
https://doi.org/10.1038/nrendo.2015.103
https://doi.org/10.1038/nrendo.2015.103
https://doi.org/10.1021/acs.est.0c00628
https://doi.org/10.1038/s41467-020-19706-9
https://doi.org/10.1038/s41467-020-19706-9
https://doi.org/10.1093/nar/gkaa971
https://doi.org/10.1093/nar/gkaa971
https://doi.org/10.1038/s41392-021-00475-w
https://doi.org/10.1016/j.bbi.2022.07.164
https://doi.org/10.1182/blood.2020004923
https://doi.org/10.1182/blood.2020004923
https://doi.org/10.1126/science.abm5658
https://doi.org/10.1126/science.abm5658
https://doi.org/10.1038/nrrheum.2015.169
https://doi.org/10.1016/0024-3205(94)90090-6
https://doi.org/10.1016/0024-3205(94)90090-6

Wang et al. Chinese Medicine (2024) 19:134

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Olias G, Viollet C, Kusserow H, Epelbaum J, Meyerhof W. Regulation and
function of somatostatin receptors. J Neurochem. 2004;89:1057-91.
https://doi.org/10.1111/j.1471-4159.2004.02402.x.

Calam J, Gibbons A, Healey 7V, Bliss P, Arebi N. How does Helicobacter
pylori cause mucosal damage? Its effect on acid and gastrin physiol-
ogy. Gastroenterology. 1997;113:543-9. https://doi.org/10.1016/50016-
5085(97)80010-8.

Arebi N, et al. Nitric oxide regulates the release of somatostatin from cul-
tured gastric rabbit primary D-cells. Gastroenterology. 2002;123:566-76.
https://doi.org/10.1053/gast.2002.34749.

Malik D, et al. Gastric mucosal hypertrophy masquerading as metasta-

sis from neuroendocrine tumor of the pancreas detected on 68Ga-
DOTANOC PET/CT. Clin Nucl Med. 2020;45:74-5. https://doi.org/10.1097/
RLU.0000000000002802.

Sundaresan S, Kang AJ, Hayes MM, Choi EK, Merchant JL. Deletion of
Men1 and somatostatin induces hypergastrinemia and gastric carcinoids.
Gut. 2017,66:1012-21. https://doi.org/10.1136/gutjnl-2015-310928.
Zhang S, et al. Deciphering the pharmacological mechanisms of Guizhi-
Fuling capsule on primary dysmenorrhea through network pharmacol-
ogy. Front Pharmacol. 2021;12: 613104. https://doi.org/10.3389/fphar.
2021.613104.

Li'S, Lu AP Wang YY, Li YD. Suppressive effects of a Chinese herbal
medicine ging-luo-yin extract on the angiogenesis of collagen-induced
arthritis in rats. Am J Chin Med. 2003;31:713-20. https://doi.org/10.1142/
50192415X03001430.

Zhou W, et al. Network pharmacology to explore the anti-inflammatory
mechanism of Xuebijing in the treatment of sepsis. Phytomedicine.
2021;85: 153543, https://doi.org/10.1016/j.phymed.2021.153543.

Zuo J, et al. Integrating network pharmacology and metabolomics study
on anti-rheumatic mechanisms and antagonistic effects against metho-
trexate-induced toxicity of Qing-Luo-Yin. Front Pharmacol. 2018;9:1472.
https://doi.org/10.3389/fphar2018.01472.

Wang B, et al. Exploring the effect of Weifuchun capsule on the toll-like
receptor pathway mediated HES6 and immune regulation against
chronic atrophic gastritis. J Ethnopharmacol. 2022;303: 115930. https://
doi.org/10.1016/jjep.2022.115930.

LiuY, Jin Z, Qin X, Zheng Q. Urinary metabolomics research for Huangqi
Jianzhong Tang against chronic atrophic gastritis rats based on (1) H NMR
and UPLC-Q/TOF MS. J Pharm Pharmacol. 2020;72:748-60. https://doi.
org/10.1111/jphp.13242.

Wen J,Wu S, Ma X, Zhao Y. Zuojin Pill attenuates Helicobacter pylori-
induced chronic atrophic gastritis in rats and improves gastric epithelial
cells function in GES-1 cells. J Ethnopharmacol. 2022;285: 114855, https://
doi.org/10.1016/jjep.2021.114855.

Zhou W, et al. Network pharmacology to unveil the mechanism of
Moluodan in the treatment of chronic atrophic gastritis. Phytomedicine.
2022;95: 153837. https://doi.org/10.1016/j.phymed.2021.153837.

Siregar GA, Halim S, Sitepu VR. Serum TNF-a, IL-8, VEGF levels in Helico-
bacter pylori infection and their association with degree of gastritis. Acta
Med Indones. 2015;47:120-6.

Yin J, et al. Weiqgi decoction attenuated chronic atrophic gastritis with
precancerous lesion through regulating microcirculation disturbance and
HIF-1alpha signaling pathway. Evid Based Complement Alternat Med.
2019;2019:2651037. https://doi.org/10.1155/2019/2651037.

AbellaV, et al. Leptin in the interplay of inflammation, metabolism and
immune system disorders. Nat Rev Rheumatol. 2017;13:100-9. https://
doi.org/10.1038/nrrheum.2016.209.

Jun DW, et al. Correlation between gastrointestinal symptoms and
gastric leptin and ghrelin expression in patients with gastritis. Dig Dis Sci.
2007;52:2866-72. https://doi.org/10.1007/510620-006-9651-X.

Ko SH, Jung Y. Energy metabolism changes and dysregulated lipid
metabolism in postmenopausal women. Nutrients. 2021;13:4556. https://
doi.org/10.3390/nu13124556.

Rettberg JR, Yao J, Brinton RD. Estrogen: a master regulator of bioener-
getic systems in the brain and body. Front Neuroendocrinol. 2014;35:8—
30. https://doi.org/10.1016/j.yfrne.2013.08.001.

Mauvais-Jarvis F, Clegg DJ, Hevener AL. The role of estrogens in control of
energy balance and glucose homeostasis. Endocr Rev. 2013;34:309-38.
https://doi.org/10.1210/er.2012-1055.

Page 17 of 17

65. Kovats S. Estrogen receptors regulate innate immune cells and signaling
pathways. Cell Immunol. 2015;294:63-9. https://doi.org/10.1016/j.celli
mm.2015.01.018.

66. Straub RH.The complex role of estrogens in inflammation. Endocr Rev.
2007;28:521-74. https://doi.org/10.1210/er.2007-0001.

67. Principe DR, Chiec L, Mohindra NA, Munshi HG. Regulatory T-cells as an
emerging barrier to immune checkpoint inhibition in lung cancer. Front
Oncol. 2021;11: 684098. https://doi.org/10.3389/fonc.2021.684098.

68. Stolte M, Meining A. The updated Sydney system: classification and grad-
ing of gastritis as the basis of diagnosis and treatment. Can J Gastroen-
terol. 2001;15:591-8. https://doi.org/10.1155/2001/367832.

69. Dixon MF, Genta RM, Yardley JH, Correa P. Classification and grading of
gastritis. The updated Sydney System. International Workshop on the
Histopathology of Gastritis, Houston. Am J Surg Pathol. 1996;20:1161-81.
https://doi.org/10.1097/00000478-199610000-00001.

70. Ritchie ME, et al. limma powers differential expression analyses for
RNA-sequencing and microarray studies. Nucleic Acids Res. 2015;43: e47.
https://doi.org/10.1093/nar/gkv007.

71. Rohart F, Gautier B, Singh A, Le Cao KA. mixOmics: an R package for
‘omics feature selection and multiple data integration. PLoS Comput Biol.
2017;13:e1005752. https://doi.org/10.1371/journal.pcbi.1005752.

72. Yu G,Wang LG, Han'Y, He QY. clusterProfiler: an R package for comparing
biological themes among gene clusters. OMICS. 2012;16:284-7. https://
doi.org/10.1089/0mi.2011.0118.

73. Szklarczyk D, et al. The STRING database in 2021: customizable protein-
protein networks, and functional characterization of user-uploaded
gene/measurement sets. Nucleic Acids Res. 2021;49:D605-12. https://doi.
0rg/10.1093/nar/gkaa1074.

74. Su SB, JiaW, Lu AP, Li S. Evidence-based ZHENG: a traditional chinese
medicine syndrome 2013. Evid-Based Compl Alt. 2014;2014:484201.
https://doi.org/10.1155/2014/484201.

75. LiS, et al. Symptom combinations associated with outcome and
therapeutic effects in a cohort of cases with SARS. Am J Chin Med.
2006;34:937-47. https://doi.org/10.1142/50192415x06004417.

76. Wang ZY, Wang X, Zhang DY, Hu YJ, Li S. Traditional Chinese medicine
network pharmacology: development in new era under guidance of
network pharmacology evaluation method guidance. Zhongguo Zhong
Yao Za Zhi. 2022,47:7-17. https://doi.org/10.19540/j.cnki.cjcmm.20210
914.702.

77. Duan Q, Zhang H, Zheng J, Zhang L. Turning cold into hot: firing up the
tumor microenvironment. Trends Cancer. 2020;6:605-18. https://doi.org/
10.1016/j.trecan.2020.02.022.

78. Liu YT, Sun ZJ. Turning cold tumors into hot tumors by improving T-cell
infiltration. Theranostics. 2021;11:5365-86. https://doi.org/10.7150/thno.
58390.

79. Wang M, Wang S, Desai J, Trapani JA, Neeson PJ. Therapeutic strategies
to remodel immunologically cold tumors. Clin Transl Immunol. 2020;9:
€1226. https://doi.org/10.1002/cti2.1226.

80. DeNardo DG, Ruffell B. Macrophages as regulators of tumour immunity
and immunotherapy. Nat Rev Immunol. 2019;19:369-82. https://doi.org/
10.1038/541577-019-0127-6.

81. NiJJ, Zhang ZZ, Ge MJ, Chen JY, Zhuo W. Immune-based combination
therapy to convert immunologically cold tumors into hot tumors: an
update and new insights. Acta Pharmacol Sin. 2022. https://doi.org/10.
1038/541401-022-00953-z.

82. Aronson SJ, Rehm HL. Building the foundation for genomics in precision
medicine. Nature. 2015;526:336-42. https://doi.org/10.1038/nature15816.

83. Wang WJ, Zhang T. Integration of traditional Chinese medicine and West-
ern medicine in the era of precision medicine. J Integr Med. 2017;15:1-7.
https://doi.org/10.1016/52095-4964(17)60314-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1111/j.1471-4159.2004.02402.x
https://doi.org/10.1016/s0016-5085(97)80010-8
https://doi.org/10.1016/s0016-5085(97)80010-8
https://doi.org/10.1053/gast.2002.34749
https://doi.org/10.1097/RLU.0000000000002802
https://doi.org/10.1097/RLU.0000000000002802
https://doi.org/10.1136/gutjnl-2015-310928
https://doi.org/10.3389/fphar.2021.613104
https://doi.org/10.3389/fphar.2021.613104
https://doi.org/10.1142/S0192415X03001430
https://doi.org/10.1142/S0192415X03001430
https://doi.org/10.1016/j.phymed.2021.153543
https://doi.org/10.3389/fphar.2018.01472
https://doi.org/10.1016/j.jep.2022.115930
https://doi.org/10.1016/j.jep.2022.115930
https://doi.org/10.1111/jphp.13242
https://doi.org/10.1111/jphp.13242
https://doi.org/10.1016/j.jep.2021.114855
https://doi.org/10.1016/j.jep.2021.114855
https://doi.org/10.1016/j.phymed.2021.153837
https://doi.org/10.1155/2019/2651037
https://doi.org/10.1038/nrrheum.2016.209
https://doi.org/10.1038/nrrheum.2016.209
https://doi.org/10.1007/s10620-006-9651-x
https://doi.org/10.3390/nu13124556
https://doi.org/10.3390/nu13124556
https://doi.org/10.1016/j.yfrne.2013.08.001
https://doi.org/10.1210/er.2012-1055
https://doi.org/10.1016/j.cellimm.2015.01.018
https://doi.org/10.1016/j.cellimm.2015.01.018
https://doi.org/10.1210/er.2007-0001
https://doi.org/10.3389/fonc.2021.684098
https://doi.org/10.1155/2001/367832
https://doi.org/10.1097/00000478-199610000-00001
https://doi.org/10.1093/nar/gkv007
https://doi.org/10.1371/journal.pcbi.1005752
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1089/omi.2011.0118
https://doi.org/10.1093/nar/gkaa1074
https://doi.org/10.1093/nar/gkaa1074
https://doi.org/10.1155/2014/484201
https://doi.org/10.1142/S0192415x06004417
https://doi.org/10.19540/j.cnki.cjcmm.20210914.702
https://doi.org/10.19540/j.cnki.cjcmm.20210914.702
https://doi.org/10.1016/j.trecan.2020.02.022
https://doi.org/10.1016/j.trecan.2020.02.022
https://doi.org/10.7150/thno.58390
https://doi.org/10.7150/thno.58390
https://doi.org/10.1002/cti2.1226
https://doi.org/10.1038/s41577-019-0127-6
https://doi.org/10.1038/s41577-019-0127-6
https://doi.org/10.1038/s41401-022-00953-z
https://doi.org/10.1038/s41401-022-00953-z
https://doi.org/10.1038/nature15816
https://doi.org/10.1016/S2095-4964(17)60314-5

	Uncovering the role of traditional Chinese medicine in immune-metabolic balance of gastritis from the perspective of Cold and Hot: Jin Hong Tablets as a case study
	Abstract 
	Introduction
	Results
	Outlier of the whole study
	Molecular features of ColdHot ZHENG CG
	Immune and metabolic characteristics of ColdHot ZHENG CG
	Characteristics of formulae for CG
	Herbs and depiction of their target profiles in formulae against CG
	Molecular features of targets of coldhot herbs for CG
	Bidirectional regulatory effect of TCM in cold and hot CG
	Transcriptomic level validation of the coldhot regulatory effects of TCM

	Materials and methods
	Differential analysis and PLS-DA for coldhot ZHENG CG
	Enrichment analysis and immune characteristics of coldhot ZHENG CG
	Targets prediction of formulae, herbs and corresponding compounds
	Definition of coldhot herbs’ targets and network construction
	Analysis of coldhot TCM and traditional efficacy
	Animal model construction and intervention
	RNA-seq sampling and analysis
	Serum biomolecular detection

	Discussion
	References


