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Abstract

BACKGROUND

Lung cancer (LC) combined with chronic obstructive pulmonary disease (COPD)
is a common combination of comorbidities. Anti-inflammation and modulation of
oxidative/antioxidative imbalance may prevent COPD-induced LC, and are also
crucial to the treatment of LC combined with COPD. Modern studies have shown
that Tao Hong Si Wu Tang (THSW) has vasodilatory, anti-inflammatory, anti-fa-
tigue, anti-shock, immunoregulatory, lipid-reducing, micronutrient-supplemen-
ting, and anti-allergy effects.

AIM
To observe the effects of THSW on COPD and LC in mice.

METHODS

A total of 100 specific pathogen-free C57/BL6 mice were randomly divided into
five groups: Blank control group (group A), model control group (group B),
THSW group (group C), IL-6 group (group D), and THSW + IL-6 group (group E),
with 20 mice in each group. A COPD mouse model was established using fumi-
gation plus lipopolysaccharide intra-airway drip, and an LC model was replicated
by in situ inoculation using the Lewis cell method.
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RESULTS

The blank control group exhibited a clear alveolar structure. The model control and IL-6 groups had thickened
alveolar walls, with smaller alveolar lumens, interstitial edema, and several inflammatory infiltrating cells.
Histopathological changes in the lungs of the THSW and THSW + IL-6 groups were less than those of the model
control group. The serum IL-1p, IL-6, and TNF-a levels and IL-6R, JAK, p-JAK, STAT1/3, p-STAT1/3, FOXO, p-
FOXO, and IL-7R expression levels in lung tissues of mice in the rest of the groups were significantly higher than
those of the blank control group (P < 0.01). Compared with the model control group, the IL-6 group demonstrated
significantly higher levels for the abovementioned proteins in the serum and lung tissues (P < 0.01), and the THSW
group had significantly higher serum IL-1p, IL-6, and TNF-a levels and IL-7R expression levels in lung tissues (P <
0.01) but significantly decreased IL-6R, JAK, p-JAK, STAT1/3, p-STAT1/3, FOXO, p-FOXO, and IL-7R levels (P <
0.01).

CONCLUSION
THSW reduces the serum IL-1, IL-6, and TNF-a levels in the mouse model with anti-inflammatory effects. Its anti-
inflammatory mechanism lies in inhibiting the overactivation of the JAK/STAT1/3 signaling pathway.

Key Words: Tao Hong Si Wu Tang; Anti-inflammatory; Chronic obstructive pulmonary disease; Lung cancer; Traditional
Chinese medicine

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The present study aimed to analyze the anti-inflammatory effects of Tao Hong Si Wu Tang (THSW) in a chronic
obstructive pulmonary disease-lung cancer mouse model and elucidate its anti-inflammatory mechanism in inhibiting the
development of positive-feedback inflammatory response by detecting the signaling pathway that may be induced by the
inflammatory factors. The findings of this study will lay a theoretical foundation and provide a guide for the clinical app-
lication of THSW.

Citation: Wang GL, Xu YL, Zhao KM, Sui AF, Wang LN, Deng H, Wang G. Anti-inflammatory effects of Tao Hong Si Wu Tang in
mice with lung cancer and chronic obstructive pulmonary disease. World J Clin Oncol 2024; 15(9): 1198-1206

URL: https://www.wjgnet.com/2218-4333/full/v15/i19/1198.htm

DOI: https://dx.doi.org/10.5306/wjco.v15.i19.1198

INTRODUCTION

Lung cancer (LC) combined with chronic obstructive pulmonary disease (COPD) is a common combination of comor-
bidities, and the interaction between the two makes clinical diagnosis and treatment challenging, with a clear consensus
still lacing. COPD can increase the risk of lung carcinogenesis through potential mechanisms such as chronic inflam-
mation, genetic mutations, oxidative/antioxidant imbalance, and cilia, and COPD is considered an important and inde-
pendent risk factor for LC[1]. Moreover, the mortality risk of patients with LC combined with COPD is approximately 2-6
times higher than that of the LC population without combined COPD. Thus, the two diseases are closely related and often
coexist, which also greatly increases LC mortality and decreases the quality of life of patients with advanced LC. Anti-
inflammation and modulation of oxidative/antioxidative imbalance may prevent COPD-induced LC, and are also crucial
to the treatment of LC combined with COPD|2].

Tao Hong Si Wu Tang (THSW) has the core effect of removing blood stasis, and in combination with Chuan Xiong, it
can help activate blood circulation and move gi. Modern studies have shown that THSW has vasodilatory, anti-inflam-
matory, anti-fatigue, anti-shock, immunoregulaory, lipid-reducing, micronutrient-supplementing, and anti-allergy effects
[3-6]. THSW, when used in the treatment of non-small cell LC, can significantly improve lung function and other indi-
cators of LC with remarkable efficacy[7]. Our previous study has demonstrated the anti-inflammatory effects of THSW in
a COPD-LC mouse model, which may be achieved through the regulation of the PI3K/AKT signaling pathway. How-
ever, as the complex composition of traditional Chinese medicine compounds and multiple targets of action are their
most significant features, the anti-inflammatory mechanism of THSW requires further exploration.

The present study aimed to analyze the anti-inflammatory effects of THSW in a COPD-LC mouse model and elucidate
its anti-inflammatory mechanism in inhibiting the development of positive-feedback inflammatory response by detecting
the signaling pathway that may be induced by the inflammatory factors. The findings of this study will lay a theoretical
foundation and provide a guide for the clinical application of THSW.
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MATERIALS AND METHODS

Experimental animals
A total of 100 specific pathogen-free 5-8-week-old male C57/BL6 mice weighing 18-22 g, were purchased from Liaoning
Changsheng Biotechnology Co. Prior to use, the mice were acclimatized and reared for 7 d.

Experimental groups
The mice were randomly divided into five groups: Blank control (group A), model control (group B), THSW (group C),
IL-6 (group D), and THSW + IL-6 (group E), with each group comprising 20 mice.

Model replication

A COPD mouse model was first established for mice in groups B, C, D, and E using the method of smoking plus lipopoly-
saccharide (LPS) intra-airway drip. The mice were placed in a homemade plexiglass dyeing box (120 cm x 80 cm x 80 cm)
to undergo passive smoking with 10 cigarettes 2 times a day for 30 min each time, with an interval of at least 4 h between
the 2 times, for 30 consecutive days. Subsequently, the mice were placed in a homemade plexiglass dyeing box (120 cm %
80 cm x 80 cm) for passive smoking with 2 and 14 weather tubes dripped with 2 mL/kg LPS (50 pL), and smoking was
suspended 2 times on the day of the LPS drip. Successful establishment of the COPD mouse model was confirmed 24 h
after the final smoke exposure, and the in situ LC model was replicated in the COPD mouse model 1 wk later by obtain-
ing Lewis cells in the logarithmic growth phase, resuspending 10° cells/50 pL of complete medium, and storing on ice.
After the mice were anesthetized, they were fixed in the left lateral recumbent position on the operation table, and the
skin was prepared and sterilized. After mixing 50 pL of cell suspension with 50 uL of Matrigel, an insulin needle was
used to puncture into the right lung of the mice approximately 1.5 cm above the rib arch in the right anterior axillary line
along the intercostal space to a depth of approximately 5 mm; a small amount of gas was withdrawn to confirm that the
needle tip had entered the lung, and the mixture was inoculated into the right lung. After continuing to feed for 2 wk,
two mice were randomly selected from each of groups C, D, and E, and were euthanized by anesthesia overdose. Hema-
toxylin and eosin (HE) staining was performed to observe the pathological changes in lung tissues and determine the
modeling status.

Drug intervention

The blank control group (group A) received no treatment, and experienced normal rearing until the end of the experi-
ment. After the successful establishment of the COPD-LC mouse model, the model control group (group B) received
normal feeding without treatment; the THSW group (group C) was administered a daily transoral gavage of THSW,
which consisted of 9 g each of Bai Shao, Chuan Dang Gui, Shu Di Huang, Chuan Xiong, and Tao Ren and 6 g of Saffron,
prepared into a 17-mL aqueous decoction, at 4.5 mL/kg of body weight for 2 wk; the mice in the IL-6 group (group D)
were injected intraperitoneally with recombinant IL-6 protein (0.075 pg/kg) once every other day for 2 wk[8]; and the
THSW + IL-6 group (group E) was administered THSW by gastric gavage at 4.5 mL/kg of body weight, once a day, for 2
wk. In between, recombinant IL-6 protein (0.075 pg/kg) was injected intraperitoneally once every other day for 2 wk.

Sample collection

At 2 h after the last oral gavage administration, mice in each group were intraperitoneally injected with sodium pento-
barbital to induce anesthesia, and then punctured through the abdominal aorta to collect whole blood. The samples were
stored at room temperature for 1 h, centrifuged at 2500 rpm for 10 min, and refrigerated at -80 °C until use. After blood
collection, the mice were euthanized by anesthesia overdose; the thoracic cavity was quickly dissected in an ice bath, and
the right lungs were removed. The right lungs of 10 mice in each group were randomly selected and stored at -80 °C until
use; the remaining 10 right lungs of the mice were immersed in 4% paraformaldehyde solution for fixation and preser-
vation.

Indicator tests
Visual observation of the tumor and HE staining: The fixed lung tissues were obtained and HE-stained to observe histo-
pathological changes.

IL-1B, IL-6, and TNF-a contents in peripheral blood of mice: Enzyme-linked immunosorbent assay was used to detect
the serum IL-1p, IL-6, and TNF-a levels of mice in each group.

Western blot analysis for detecting IL-6R, JAK, p-JAK, STAT1/3, p-STAT1/3, FOXO, p-FOXO, and IL-7R expression
levels in lung tissues: Fresh lung tissues were obtained; 100 mg was weighed, and total protein was extracted by the lysis
method. After protein quantification, the protein concentration was adjusted to 10 pg/uL, electrophoresis was conducted
at a sample volume of 6 pL/well, the protein was transferred to the polyvinylidene difluoride membrane by the wet-
transfer method, the primary and secondary antibodies were incubated, and then an electrochemiluminescence solution
was used for visualization. A gel imaging analysis system was used to capture photos. The gray value of the bands was
determined. The relative expression level of the target protein was calculated as the gray value of the target protein
band/that of the internal reference protein band and statistically analyzed.

Detection of IL-6R and IL-7R protein expression levels by immunohistochemistry: Immunohistochemistry was used to
detect IL-6R and IL-7R protein expression levels in the lung tissues of mice in each group.
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Statistical analysis

The SPSS22.0 software package was used to statistically analyze the test results of each group. Measurement data are
expressed as the mean + SD, and the least significant difference method was used to for comparisons among groups.
Significance was set at P < 0.05.

RESULTS

Histological changes in lung tissues

The HE staining of lung tissues of mice in each group revealed a clear alveolar structure, normal alveolar intervals, and
no abnormal manifestations in mice in the blank control group; thickened alveolar walls, smaller alveolar cavities,
interstitial lung edema, several inflammatory infiltrating cells, some deeply stained alveolar walls, and irregular cell
nuclei in the model control and IL-6 groups; and significantly reduced pathologic changes in the lungs of the mice in the
THSW and THSW + IL-6 groups compared with the model control group, especially in the THSW group, where the
alveolar walls were significantly thinner, inflammatory cell infiltration was reduced, and the number of irregular nuclei
was reduced (Figure 1).

Figure 1 Histopathologic changes in the lungs of mice from different groups. A: Blank control group; B: Model control group; C: Tao Hong Si Wu
Tang (THSW) group; D: IL-6 group; E: THSW + IL-6 group.

IL-1B, IL-6, and TNF-a levels in peripheral blood

Compared with the blank control group, the other groups exhibited significantly higher serum IL-1f, IL-6, and TNF-a
levels (P < 0.01). The serum IL-1p, IL-6, and TNF-a levels were significantly higher in the IL-6 group and significantly
lower in the THSW group than in the model control group (P < 0.01; Figure 2).

IL-6R, JAK, p-JAK, STAT1/3, p-STAT1/3, FOXO, p-FOXO, and IL-7R expression levels in lung tissues

Compared with the blank control group, the other groups had significantly higher IL-6R, JAK, p-JAK, STAT1/3, p-
STAT1/3, FOXO, p-FOXO, and IL-7R expression levels in the lung tissues (P < 0.01). Meanwhile, the same expression
levels in the lung tissues were significantly higher in the IL-6 group and significantly lower in the THSW group than in
the model control group (P < 0.01; Figure 3).

IL-6R and IL-7R protein expression levels in lung tissues

Compared with the blank control group, the other groups demonstrated significantly higher IL-6R and IL-7R expression
levels in the lung tissues (P < 0.01). Meanwhile, the IL-6R and IL-7R expression levels in the lung tissues were
significantly higher in the IL-6 group (P < 0.01) and significantly lower in the THSW group than in the model control
group (P < 0.01; Figures 4 and 5).
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T }
A RLS B LE
- > - \
;,' .
D : E
A 3
]

F

0.5 -

[ Blank control group

> 3 Model control group
5 0.4
S 3 THSW group
©
K 03 a @ 1L-6 group
é- ' @ THSW + IL-6 group
&
g 0.2 -
® a, b
%
2 0.1 4

0.0 -

Figure 4 Expression of IL-6 in the lung tissue of mice from different groups. A: Blank control group; B: Model control group; C: Tao Hong Si Wu Tang
(THSW) group; D: IL-6 group; E: THSW + IL-6 group; F: IL-6R average optical density. 2P < 0.01, compared with the blank control group; °P < 0.01, compared with
the model control group. THSW: Tao Hong Si Wu Tang.

DISCUSSION

THSW consists of six natural plant herbs, namely, peach kernel, safflower, Radix Rehmanniae Praeparata, Radix Angelicae
Sinensis, Paeoniae Alba, and Rhizoma Ligustici Chuanxiong, which have clear vasodilatory[3], anti-inflammatory[4], anti-
fatigue[5], and immune-regulating properties[6]. THSW regulates the activation of T and B lymphocytes by reducing the

Bisnidenge  /VJCO | https://www.wjgnet.com 1203 September 24,2024 | Volume15 | Issue9 |



Wang GL et al. Anti-inflammatory effects of THSW

;o o
e '|-_:'
R ) 4 »
ooz ds .
e o - ,'
R o,
:-_« ».‘h " : b A
D : E
)
g
i 55
F
0.5 1 (3] Blank control group
3 Model control group
>
’@' 0.4 1 3 THSW group
§ a @ 1L-6 group
[}
S - B
g 0.3 e .. @ THSW + IL-6 group
Q
(o)}
g 0.2 1
= a,b
(S
2 0.1 = qee—
0.0 -

Figure 5 Expression of IL-7R in the lung tissues of mice from different groups. A: Blank control group; B: Model control group; C: Tao Hong Si Wu
Tang (THSW) group; D: IL-6 group; E: THSW + IL-6 group; F: IL-7R average optical density. 2P < 0.01, compared with the blank control group; °P < 0.01, compared
with the model control group. THSW: Tao Hong Si Wu Tang.

IL-6, IL-8, and TNF-a contents in the alveolar lavage fluid of patients with COPD[9-11]. THSW is a classic formula for
activating blood circulation and removing blood stasis, and its anti-inflammatory effects are also evident in modern
studies. In Niu et al's study[12], THSW reduced the serum IL-2, IL-17, IL-22, and IL-23 Levels in a psoriasis mouse model,
and inhibited the IL-2, IL-17, IL-22, and IL-23 expression levels in the dorsal lesion tissues of the same model. Another
study has demonstrated that polysaccharides are one of the main active ingredients of THSW, and that they exert mainly
anti-inflammatory and antioxidant effects. The polysaccharide components of THSW significantly reduced the serum IL-
1B, IL-6, and TNF-a levels in a rat model of ischemic stroke[13]. Our previous study has also indicated that THSW could
reduce the inflammatory response in a COPD-LC mouse model, and that THSW exerted an anti-inflammatory effect in
the same mouse model by inhibiting the secretion of the Th1- and Th17-type cytokines IFN-y and IL-17, and promoting
the secretion of the Th2- and Treg-type cytokines IL-4 and TGF-p[14].

The JAK/STAT signaling pathway is a series of chain reactions between intracellular proteins interacting with each
other. It is involved in the processes of immunity, cell division, cell death, and tumor formation. In addition, the JAK/
STAT1/3 signaling pathway is involved in the transcription of various inflammatory factors, and the activation of its
classical pathway by IL-6 amplifies inflammatory responses[15,16]. Zhu et al's study has demonstrated that erythrulose
polysaccharide could inhibit the inflammatory response in the gastric mucosa of rats with diabetic gastroparesis, and its
mechanism was related to the modulation of the JAK/STAT3 signaling pathway, indicating the close relationship bet-
ween the pathogenesis of diabetic gastroparesis and the inflammatory response mediated by the JAK/STAT3 signaling
pathway[17]. Xi et al's study has showed that inhibition of the JAK2/STATS3 signaling pathway improved the intestinal
inflammatory response in a colitis mouse model[18].
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CONCLUSION

THSW significantly reduced serum IL-1f, IL-6, and TNF-a levels in our COPD-LC mouse model, which confirmed its
anti-inflammatory effects. The test results of key targets of the JAK/STAT1/3 signaling pathway proved that THSW
could significantly downregulate the p-JAK, p-STAT1/3, and p-FOXO expression levels, and reduced phosphorylation
levels of key targets, which indicated the inhibitory effect of THSW on this signaling pathway. To clarify its inhibitory
effect on the JAK/STAT1/3 signaling pathway, we also included IL-6, which can activate the classical pathway of the
JAK/STAT1/3 signaling pathway to mediate the inflammatory response. The inflammatory response of mice in the IL-6
group was significantly severe, whereas the expression levels of inflammatory factors and key targets of the JAK/STAT1/
3 signaling pathway in mice in the IL-6 + THSW group were significantly reduced, which further proved that the anti-
inflammatory mechanism of THSW in the COPD-LC mouse model was achieved by inhibiting the activation of the JAK/
STAT1/3 signaling pathway.
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