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Abstract

Introduction: NLRP3 inflammasome responses and gut microbiota have been shown an important role in lung
cancer, however, the relationship between gut microbiota and NLRP3 inflammasome responses in lung cancer with
Qi-yin deficiency remains elusive.

Methods: To investigate the effect of the traditional Chinese medicine BuFeiXiaoJiYin (BFXJY) on NLRP3 inflamma-
some responses and dysbiosis in lung cancer with Qi-yin deficiency, the female BALB/cA-nu mice were treated with
LPS and ATP to induce inflammation, and were intragastrically treated with warm Chinese medicine and smoked with
shavings to induce Qi-yin deficiency, as well as were injected with 1 x 10’/ml A549 cells to simulate lung cancer. Then
the three different doses of BuFeiXiaoJiYin (BFXJY) and positive control (CRID3) were used for intervention in mice for
27 consecutive days. Then, we estimated the protection effect of BFXJY on lung cancer mice with Qi-yin deficiency,
through deterring tumor growth, NLRP3 inflammasome, PKC signaling, and homeostasis of gut microbiota.

Results: In this study, we found that BFXJY could inhibit the tumor growth in lung cancer with Qi-yin deficiency by
reducing the production of IL-13 and IL-18 and inhibiting NLRP3 inflammasome activation, which might be associ-
ated with the inhibition of PKC signaling. Furthermore, BFXJY could promote microbial diversity and balance the
microbial composition changes induced by inflammation and Qi-yin deficiency in lung cancer.

Conclusion: BuFeiXiaoJiYin ameliorates the NLRP3 inflammation response and gut microbiota in mice with lung

cancer companied with Qi-yin deficiency. Our study provides a theoretical basis for the clinical development of thera-
peutic drugs targeting to treat lung cancer.
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Introduction
Lung cancer is the dominating cause of death around
the world [1]. The incidence and mortality of male
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lion deaths in 2018 [3]. Especially, the early diagnosis
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rate of lung cancer is very low. Thus, most patients are
in the advanced stage at the time of diagnosis and cannot
be treated with surgery. In recent years, the application
of Chinese medicine in malignant tumors has received
widespread attention. Traditional Chinese medicine
(TCM) believes that the etiology and pathogenesis of
lung cancer can be attributed to the evil reality and the
right deficiency. The lungs belong to the delicate organs
with sober preference and are easy to heat and cold,
therefore, the invasion of external evils must first invade
the lungs, and the lung’s Qi and Yin damage will bear the
brunt. Consequently, Qi-yin deficiency in lung cancer
dialectical classification is more common. Thus, it is an
urgent requirement for establishing the potential patho-
genic mechanism and effective therapy of lung cancer
with Qi-yin deficiency.

As a core determinant of tumorigenesis, the inflamma-
tion affects cancer progression and development [4, 5].
Inflammasomes, especially the nucleotide-binding oli-
gomerization domain (NOD)-like receptor family, pyrin
domain-containing protein 3 (NLRP3) inflammasome,
powerfully drive the recruitment of inflammatory cells
and the modulation of immune responses in a variety
of organs, including the lung [6]. NLRP3 inflammasome
assembles with the adaptor, apoptosis-associated speck-
like protein containing a caspase recruitment domain
(also called ASC), that promotes the binding of the pyrin
domain (PYD) at the N-terminus of NLRP3 and the
CARD domain of the effector pro-caspase-1 to recruit
NLRP3 [7]. NLRP3 inflammasome can be activated by a
variety of stimuli, such as pathogen-associated molecu-
lar patterns (PAMPs) including viruses, bacteria, and
fungi, as well as damage-associated molecular patterns
(DAMPs) such as adenosine triphosphate (ATP) and
beta-amyloid deposits [8]. After stimulated, the NLRP3
inflammasome can bind to the ASC, and then the CARD
domain recruits the inactive pro-enzyme form (pro-
caspase-1P) to form the inflammasome and activate the
pro-caspase-1p to caspase-1. In turn, caspase-1 cleaves
pro-IL-1f and pro-IL-18 into their active forms IL-1p
and IL-18, respectively. The responses of IL-1p and IL-18
can trigger the recruitment of immune cells, activate
alternative proinflammatory signaling pathways, and lead
to cell damage and death [9]. After the NLRP3 inflamma-
some is activated, it cannot produce self-inhibition even
in a resting state, which results in the continuous produc-
tion of IL-1f and IL-18, finally causing long-term effects
on inflammation and tumor diseases [10]. Hui Kong et al.
[11] showed that the level of NLRP3 inflammasome,
IL-1B, and IL-18 in lung cancer cells and tissues was sig-
nificantly increased compared to that in normal lung cells
and para-carcinoma tissues, which indicated that NLRP3
inflammasome mediated inflammatory response was
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involved in the progress of lung cancer. Moreover, a pre-
vious study also reported that the level of IL-1p, IL-6, and
TNF-a was notably up-regulated in lung cancer with Qi-
yin deficiency [12]. However, the role of NLRP3 inflam-
masome in lung cancer with Qi-yin deficiency still needs
more attention.

It has been demonstrated that the gut microbiome can
impact inflammation and disease outcomes via the mod-
ulation of NLRP3 inflammasome responses [13]. Over
1 x 10 bacterial cells and 500 various species were har-
bored in the human gut [14], which exert multiple func-
tions, such as immunological, metabolic, and protective
roles [15]. Accumulating evidence indicates the altera-
tion of microbiome composition was associated with
the NLRP3 inflammasome responses. Mice treated with
a broad-spectrum antibiotic cocktail showed the imbal-
ances in microbiota composition and an increase of ileal
protein expression of NLRP3, ASC, caspase-1, IL-1f,
cleaved IL-1B, and IL-18 [16]. Another study revealed
that bacterial load was reduced after mice were orally
treated with an antibiotic cocktail, which was associated
with the enhancement of serum IL-1f, cortical level of
NLRP3 and ASC, and brain cortical and small intesti-
nal level of IL-1p and IL-18 [17]. Moreover, dysbiosis is
involved in an increase of a variety of diseases including
various cancers. Fernandez MF [18] and Raza MH [19]
have been summarized the role of gut microbiota in the
progression and development of different cancers includ-
ing breast cancer, colorectal cancer (CRC), gall bladder
cancer, mucosa-associated lymphoid tissue (MALT) lym-
phoma, ocular adnexa MALT cancer, ovarian carcinoma,
oral cancer, and lung carcinoma. Furthermore, the rela-
tionship between gut microbiota and lung cancer was
investigated both in the mouse model [20] and human
beings [21]. However, the relationship between gut
microbiota and NLRP3 inflammasome responses in lung
cancer with Qi-yin deficiency remains elusive.

BuFeiXiao]iYin (BEXJY) is a traditional Chinese medi-
cine (TCM) compound that is created by our group based
on many years of clinical experience. The prescription is
composed of Astragalus, Ophiopogon japonicas, Aster,
Thunberg fritillary bulb, Coltsfoot, Schisandra, Mulberry
Bark, Oldenlandia diffusa, Scutellaria barbata, Curcuma
aeruginosa Roxb., Panax notoginseng, and Turtle shell.
In the prescription, Astragalus and Ophiopogon japoni-
cas nourish yin and lungs; Aster, Thunberg fritillary
bulb, Coltsfoot and Schisandra nourish the lungs, relieve
phlegm, relieve cough, and dispel congestion; Mulberry
Bark, Oldenlandia diffusa, and Scutellaria barbata
clear the lungs and detoxify; Curcuma aeruginosa Roxb.
And Turtle shell removes blood stasis, softens hard, and
dispels knots; Panax notoginseng promotes blood cir-
culation to stop bleeding. The whole prescription not
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only eliminates tumors and dispels masses, but also
strengthens the body and cures the symptoms and root
causes. Moreover, our previous studies [22, 23] have
been shown good effects in the treatment of lung can-
cer, chemotherapy attenuation, and reverse transforma-
tion therapy resistance. Furthermore, Mulberry Bark and
Curcuma zedoary have been exhibited a well inhibitory
effect on the expression of IL-1p, IL-18, caspase-1, and
NLRP3-ASC, which suggested that BEXJY can exert an
anti-inflammation role through NLRP3 inflammasome
responses [24]. Moreover, the gut microbiota is the focus
of TCM treatment, because many effective components
of TCM are produced with strong biological activity after
the metabolism of gut microbiota, so BEXJY might play a
therapeutic role through gut microbiota [25, 26].

Therefore, in the present study, we reported that BEXJY
can alleviate NLRP3 inflammasome responses and reg-
ulate dysbiosis in lung cancer with Qi-yin deficiency
in vivo. The results of this study will provide new sights
and methods for the therapy of lung cancer with Qi-yin
deficiency.

Materials and methods

Animal

Female BALB/c-nu mice (age: 5-6 weeks, weight:
18-22 g) were purchased and acclimated to SPF condi-
tions for 7 days before experiments at the Animal Experi-
ment Center of Guangxi Medical University. Mice were
provided with a 12 h/12 h light-dark cycle and fed with
a standard diet and water ad libitum at (2542) °C, and
40-60% relative humidity. All the procedures were car-
ried out strictly based on the National Institute of Health
Guide for the Care and Use of Laboratory Animals. Also,
the study was ratified by the Board and Ethics Committee
of Guangxi Traditional Medicine University.

Cell culture and drug administration

NSCLC line A549 was purchased from the cell bank
of Peking University Cancer Hospital, and cultured in
DMEM (Sigma, St. Louis, MO, USA) supplied with 10%
FBS (Sigma) and 1% streptomycin and penicillin (Sigma)
and maintained at 37 °C with 5% carbon dioxide (CO,).
A549 cells were inoculated in 96-well plates with a den-
sity of 1 x 10*/well and then maintained for 24 h at 37 °C
in 5% CO,. Subsequently, cells were treated with 1 pg/
ml LPS for 6 h and then 5 uM ATP for 30 min to induce
inflammation.

Experimental groups and drug administration

40 mice were randomly divided into eight groups (n=5),
including control, Qi-yin deficiency, LPS-ATP, Qi-yin
deficiency + LPS-ATP, Positive group, BEXJY low-dose
group (Low-dose group), BEXJY middle-dose group
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(Middle-dose group), and BFXJY high-dose group
(High-dose group). Mice in Qi-yin deficiency, Qi-yin
deficiency + LPS-ATP, Positive group, Low-dose group,
Middle-dose group, and High-dose group were built
with Qi-yin deficiency model, as intragastrically treated
with 20 g/kg warm Chinese medicine (9 g each of Chi-
nese ephedra, Aconitum carmichaeli Debx, Asarum, and
Arisaema heterophyllum Blume, Jiangyin Tianjiang Phar-
maceutical Co., Ltd., Jiangsu, China) and smoked with
shavings for 30 min once a day for 10 consecutive days.
However, mice in control and LPS-ATP groups were
intragastrically treated with the same volume of normal
saline (Solarbio, Beijing, China) and not smoked with
shavings once a day for 10 consecutive days. Then, 0.2 ml
1 x 107 /ml A549 cells were injected into the right-back
buttocks of mice in control and Qi-yin deficiency group,
while 0.2 ml 1 x 107 /ml A549 cells treated with LPS and
ATP were injected into the right-back buttocks of mice in
LPS-ATP, Qi-yin deficiency+LPS-ATP, Positive group,
Low-dose group, Middle-dose group, and High-dose
group. Next, drug intervention was given at 0, 3, 6, 9, 12,
15, 18, 21, 24, and 27 days after xenograft assay. Mice in
Positive group, Low-dose group, Middle-dose group,
and High-dose groups were treated with 200 ul 1 mg/kg
CRID3 (Amgen, California, USA), 500 pl 2.5 g/kg BEX]Y
(Jiangyin Tianjiang Pharmaceutical Co., Ltd., main con-
tents: scutellarin, concentration is 0.15~0.22 mg/g),
500 ul 5.0 g/kg BEXJY and 500 ul 10.0 g/kg BEXJY respec-
tively, while mice in control, Qi-yin deficiency, LPS-ATP
and Qi-yin deficiency +LPS-ATP groups were all treated
with 500 pl normal saline. The tumor size of each group
model at 0, 3, 6, 9, 12, 15, 18, 21, 24, 27 days was meas-
ured, and all mice were sacrificed for experiments at
day 27. After the mice were intraperitoneally anesthe-
tized with sodium pentobarbital (40 mg/kg), abdomi-
nal aorta blood was taken, and serum was isolated and
stored at — 80 °C for further assays. Tumor tissue samples
were fleetly removed for immunohistochemistry (IHC),
reverse transcriptase-polymerase chain reaction (qRT-
PCR), and western blot analysis. The contents of the
cecum of the mice were taken and stored at — 80 °C for
16S rDNA amplicon sequencing.

Enzyme-linked immunosorbent assay (ELISA)

The serum levels of NLRP3, pro-caspase-1, IL-1p, IL-18,
and MDA were determined using mouse NLRP3 ELISA
KIT (MM-0656M1, Meimian, Wuhan, China), mouse
caspase-1 ELISA KIT (MM-0820M1, Meimian), mouse
pro-IL-1p ELISA KIT (MM-0905M1, Meimian), mouse
pro-IL-18 ELISA KIT (MM-0906M1, Meimian), mouse
IL-1p ELISA KIT (MM-0905M1, Meimian), mouse IL-18
ELISA KIT (MM-0906M1, Meimian) and mouse MDA
ELISA KIT (E-EL-0060c, Elabscience, Wuhan, China)
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according to the manufacturer’s protocol. The absorb-
ance of wells was determined with a microplate reader
(MuLTiSKAN MK3, Thermo Fisher Scientific, Waltham,
MA, USA) at 450 nm wavelength to analyze the sample
concentration.

Quantitative real-time polymerase chain reaction
(RT-PCR)

Total RNA was extracted from tumor tissue samples
using TRIzol reagent (TaKaRa Biotechnology Co., Ltd.,
Dalian, China) according to the manufacturer’s specifi-
cations. cDNA was synthesized with a PrimeScript RT
reagent Kit (Takara, RR047A) in line with the manu-
facturer’s instruction. qRT-PCR was carried out by the
Bio-Rad ScripTM cDNA Synthesis Kit (Bio-Rad Labora-
tories, Inc., Hercules, CA, USA). The primer sequences
of NLRP3 (Forward primer: 5'-ATTACCCGCCCGAGA
AAGG-3/, Reverse primer: 5-TCGCAGCAAAGATCC
ACACAG-3'), ASC (Forward primer: 5-CTTGTCAGG
GGATGAACTCAAAA-3, Reverse primer: 5-GCC
ATACGACTCCAGATAGTAGC-3/), and GAPDH
(Forward primer: 5-TATCGGACGCCTGGTTAC-3/,
Reverse primer: 5-CGTTCAAGTTGCCGTGTC-3)
were designed and synthesized. The qRT-PCR amplifi-
cation conditions were as follows: 95 °C for 5 min, 95 °C
for 15 s, and 60 °C for 30 s of 40 cycles. GAPDH was the
internal control. The level of genes was analyzed by the
comparative threshold cycle method (2’AACT method),
where AACT =ACT ;. catment — ACT contro) @and ACT =Ct

—Ct .GAPDH was used as an internal control.

target reference

Immunohistochemistry (IHC)

Tumor samples were fixed with 4% paraformalde-
hyde at room temperature for 24 h. Then, paraffin sec-
tions (5 pm) were collected for the IHC assay. Sections
were stained by NLRP3 (ab214185, Abcam, Cambridge,
UK), ASC (67824s, Cell Signaling Technology, Inc., Dan-
vers, MA, USA), IL-1p (2242s, CST), IL-18 (ab71495,
Abcam), MDA (LS-Bio 188950, LS-Bio, Shanghai China),
pro-casepase-1 (ab179515, Abcam), PKC-a (ab32376,
Abcam) and BCL2L1 (A00181, Boster, Wuhan, China)
antibody, respectively.

Western blot assay

Protein samples from tumor tissue samples were obtained
using a Total Protein Extraction Kit (BC3711, Solarbio).
Then, the protein concentration was determined by a
Protein Assay kit (Beyotime, Shanghai, China). Protein
samples were separated by 10% SDS-PAGE gel and elec-
trically transferred to PVDF membranes (Millipore, Bill-
erica, MA, USA). The membranes were hatched with the
primary antibodies at 4 ‘C overnight after being blocked
with 3% bovine serum albumin (BSA, Sangon Biotech,
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Shanghai, China) for 1 h at room temperature. The
membranes were incubated with goat-anti-rabbit IgG
(H+L)-HRP (1:10,000, ab6721, Abcam) for 1 h at room
temperature after washing with TBST thrice. Protein
bands were visualized with an Electrochemiluminescence
(ECL) chemiluminescence kit (WBULS0500; EMD Milli-
pore) and the band’s intensity was analyzed with Image-
Pro Plus 6.0 software.

Sample DNA extraction and 16S rDNA amplicon
sequencing

DNA from feces samples was extracted using Power-
Soil@ DNA Isolation Kit (Bio-Tek, Vermont, USA) and
qualified by 1% agarose gel electrophoresis. Then, the
PCR amplification on the V3-V4 region of the sample
16S rDNA was performed with the universal primer 338F
(5-ACTCCTACGGGAGGCAGCAG-3’) and 806R (5'-
GGACTACHVGGGTWTCTAAT-3’) to construct a PE
amplification library. Sequencing was performed using
the Illumina Miseq PE 2500 platform (Shanghai Zhongke
New Life Biotechnology Co., Ltd., Shanghai, China). The
paired-end sequencing data obtained by Miseq sequenc-
ing were removed barcode and primer splicing and fur-
ther removed chimera and short sequences were to
obtain clean tags. Under the condition of 97% similarity,
operational taxonomic units (OTUs) clustering and spe-
cies annotations were performed using giime (v1.8.0)
software. The species classification information and the
annotation information of each level of each sample were
obtained after compared to the representative sequence
of OUTs with the corresponding microbial database. In
addition, the diversity analysis based on the clustering
results and the species composition information of each
classification level based on the annotation results was
obtained.

Data processing and analysis

Data were shown as the means=+standard deviation.
Differences among multiple groups were analyzed using
one-way analysis of variance and Duncan’s test using the
SPSS 20.0 package. The differences were regarded as sta-
tistically non-significant and significant when p>0.05
and p <0.05, respectively.

Results

BFXJY treatment inhibited tumor growth in lung cancer
with Qi-yin deficiency

After mice were inoculated with A549 cells with differ-
ent interventions, the mice’s weight and tumor volume
were determined. The results showed that the mice’s
weight was gradually increased from day 0 to day 10, but
no statistical difference was observed among all groups
at day 10 (Fig. 1A). Furthermore, the tumor volume was
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gradually increased from day 12 to day 27, and BFXJY
treatment decreased the tumor volume in control, Qi-
yin deficiency, LPS-ATP, and Qi-yin deficiency+LPS-
ATP groups at day 27 though no statistical difference was
observed (Fig. 1B-D).

BFXJY treatment reduced the production of IL-13 and IL-18
in lung cancer with Qi-yin deficiency

To explore the role of NLRP3 inflammasome
responses in lung cancer with Qi-yin deficiency, we
first detected the serum levels of IL-1p and IL-18. As
shown in Fig. 2A and B, the results showed that the
serum level of IL-1p and IL-18 in Qi-yin deficiency,
LPS-ATP, and Qi-yin deficiency+LPS-ATP groups
was significantly increased compared to that in the
control group. Moreover, the serum level of IL-1f in
the Qi-yin deficiency +LPS-ATP group prominently

enhanced compared to that in the Qi-yin deficiency or
LPS-ATP group. However, BFX]JY treatment observ-
ably decreased the serum levels of IL-1f and IL-18.
Similarly, the relative protein levels of IL-1p in Qi-yin
deficiency, LPS-ATP, and Qi-yin deficiency+ LPS-
ATP groups were markedly elevated, but only the high
dose BFXJY treatment markedly reduced the IL-1p
relative protein level compared to that in Qi-yin defi-
ciency +LPS-ATP group (Fig. 2C and D). No statisti-
cal difference was shown in the IL-18 relative protein
expression among all groups (Fig. 2C and E). Besides,
the distribution of IL-1p and IL-18 was also evaluated
by IHC (Fig. 2F-H) and showed similar results within
WB and ELISA. Therefore, these results indicated that
BEX]JY treatment reduced the production of IL-1p and
IL-18 in lung cancer with Qi-yin deficiency.

(See figure on next page.)

Fig. 2 BFXJY treatment reduced the production of IL-18 and IL-18 in lung cancer with Qi-yin deficiency. A, B The serum level of IL-1(3 (A) and IL-18

(B) was detected using ELISA assay in lung cancer with Qi-yin deficiency. C-

E The relative protein level of IL.-13 (C and D) and IL-18 (C and E) was

examined using western blot in lung cancer with Qi-yin deficiency. The data were expressed after being normalized to GAPDH. F, G The distribution
of IL-1B3 (F and G) and IL-18 (F and H) was also evaluated by IHC. The means + SD of three independent samples were shown. Differences among
multiple groups were analyzed using one-way analysis of variance and followed Duncan’s test using the SPSS 20.0 package. *p <0.05 compared to
the control group and *p < 0.05 compared to the Qi-yin deficiency + LPS-ATP group
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BFXJY treatment inhibited NLRP3 inflammasome pro-caspase-1. In the mRNA expression level (Fig. 3A
activation in lung cancer with Qi-yin deficiency and B) and protein expression level (Fig. 3C-F), the
Additionally, NLRP3 inflammasome activation was expressions of NLRP3, ASC, and pro-Caspase-1 in Qi-yin
estimated by detecting the expression of NLRP3, ASC, deficiency, LPS-ATP, and Qi-yin deficiency+ LPS-ATP
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Fig. 3 BFXJY treatment inhibited NLRP3 inflammasome activation in lung cancer with Qi-yin deficiency. A, B The relative mRNA expression of
NLRP3 (A) and ASC (B) was determined using gRT-PCR. The data were expressed after being normalized to GAPDH. C-F The relative protein levels
of NLRP3 (Cand D), ASC (C and E), and pro-caspase-1 (C and F) were examined using western blot. The data were expressed after being normalized
to GAPDH. G-J The distribution of NLRP3, ASC, and caspase-1 was also evaluated by IHC. The means & SD of three independent samples were
shown. Differences among multiple groups were analyzed by one-way analysis of variance and followed Duncan's test using the SPSS 20.0 package.
*p < 0.05 compared to control group and #p < 0.05 compared to the Qi-yin deficiency + LPS-ATP group
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groups were significantly increased compared to that
in the control group. Moreover, the expression level
of NLRP3, ASC, and pro-caspase-1 in the Qi-yin defi-
ciency+LPS-ATP group prominently enhanced com-
pared to that in Qi-yin deficiency or LPS-ATP group.
After the treatments, the BFXJY treatment could
decrease the expression levels of NLRP3, ASC, and pro-
Caspase-1 compared to that in Qi-yin deficiency+ LPS-
ATP group. Besides, the distribution of NLRP3, ASC, and
caspase-1 was also evaluated by IHC (Fig. 3G-J). Taken
together, these findings suggested that BEXJY treatment
inhibited NLRP3 inflammasome activation in lung can-
cer with Qi-yin deficiency.

BFXJY treatment inhibited the PKC signaling in lung cancer
with Qi-yin deficiency

It has been shown that PKC signaling is one of the signal-
ing involved in the pro-inflammatory and pro-oxidative
stress response, moreover, PKC signal can mediate oxida-
tive stress signal to induce activation of NLRP3 inflam-
masome. Thus, we then assessed the role of BFXJY in
PKC signaling in lung cancer with Qi-yin deficiency. The
results revealed that the serum level of MDA in Qi-yin
deficiency, LPS-ATP, and Qi-yin deficiency 4+ LPS-ATP
groups was significantly increased compared to that in
the control group. Moreover, the serum level of MDA
in the Qi-yin deficiency+LPS-ATP group prominently
enhanced compared to that in the Qi-yin deficiency or
LPS-ATP group. All CRID3, low, middle, and high dose
BEXJY treatment markedly diminished the serum level of
MDA compared to that in Qi-yin deficiency +LPS-ATP
group (Fig. 4A). Although no statistical difference was
shown in the MDA and PKC « relative protein expres-
sion among all groups, the protein level of MDA in low,
middle, and high dose BFXJY treatment groups was
declined compared with that in Qi-yin deficiency+ LPS-
ATP group (Fig. 4B-D). Also, the distribution of MDA
and PKC a was also evaluated by IHC (Fig. 4E-G) and
showed the levels of MDA and PKC « in the high dose
BEXJY treatment group was declined compared with
that in Qi-yin deficiency+LPS-ATP group. There-
fore, all these results indicated that BFXJY treatment
might inhibit PKC signaling in lung cancer with Qi-yin
deficiency.

Analysis of microbial sequence and diversity of fecal
bacteria

Six samples per group were sequenced and analyzed in
the present study. After the original Tag sequences were
obtained and removed out low-quality and chimera, the
effective Tag sequences were used for subsequent analy-
sis (Table 1). After all the sequences obtained from the
Ilumina MiSeq were clustered according to the 97%
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similarity of the classifiable operation units, there were
741, 593,605,730, 687, 605, 597, and 588 OTUs in control,
Qi-yin deficiency, LPS-ATP, Qi-yin deficiency+ LPS-
ATP, Positive group, Low-dose group, Middle-dose
group, and High-dose group, respectively. The common
OTUs between the two groups were shown in Table 2.
In addition, the Shannon and Simpson indexes in Qi-
yin deficiency+LPS-ATP group was significantly lower
than these in control, Qi-yin deficiency and LPS-ATP
groups, while the CRID3, low, middle, and high dose
BEX]JY treatment, especially high dose BEX]JY treatment
dramatically elevated the Shannon and Simpson indexes
compared to these in Qi-yin deficiency +LPS-ATP group
(Fig. 5A and B). Besides, the ACE and Chaol indexes in
control, Qi-yin deficiency, and LPS-ATP groups were
markedly higher than these in Qi-yin deficiency+ LPS-
ATP group, while the CRID3, middle and high dose
BEFXJY treatment, not low dose BFXJY treatment observ-
ably increased the ACE and Chaol indexes compared to
these in Qi-yin deficiency 4+ LPS-ATP group (Fig. 5C and
D). Therefore, these data suggested that the diversity of
gut microbiome was reduced in lung cancer with Qi-yin
deficiency. BEX]JY treatment could restore the reduction
that was associated with the dose of BFXJY.

Analysis of fecal microbial composition

According to the species annotations, the top 10 spe-
cies with the largest abundance at each classification
level for each sample or group were selected and ana-
lyzed the relative abundance and the proportions at
different classification levels. Based on the level of
phylum classification (Fig. 6A), Firmicutes and Bacte-
roidetes were the main phyla detected in feces of each
group, among which Firmicutes had the highest rela-
tive abundance followed by Bacteroidetes. Compared
to those in the control group, the relative abundance
of Firmicutes and Verrucomicrobia was increased,
while the relative abundance of Bacteroidetes, Pro-
teobacteria, and Epsilonbacteraeota was decreased
in Qi-yin deficiency+LPS-ATP group. BEX]JY treat-
ment, especially middle dose BFXJY treatment notably
reduced the Qi-yin deficiency combined with LPS-ATP
induced the enhancement of the relative abundance of
Firmicutes and Verrucomicrobia, while increased the
Qi-yin deficiency combined with LPS-ATP induced
the reduction of the relative abundance of Bacteroi-
detes and Epsilonbacteraeota. Besides, BFXJY treat-
ment observably enhanced the relative abundance of
Deferribacteres. Figure 6B showed the top 10 families
with relative content. Compared to those in the con-
trol group, the relative abundance of Lachnospiraceae,
Ruminococcaceae, Muribaculaceae, and Rikenellaceae
was obviously declined, while the relative abundance
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of Lactobacillaceae and Erysipelotrichaceae was sig-
nificantly elevated in Qi-yin deficiency+ LPS-ATP
group. However, BFXJY treatment distinctly reversed
the change in Qi-yin deficiency + LPS-ATP group. The
top 10 genera as shown in Fig. 6C. Compared to these
in the control group, the relative abundance of Lach-
nospiraceae NK4A136 group and Alistipes decreased,

while the relative abundance of Lactobacillus and A2
prominently increased in Qi-yin deficiency + LPS-ATP
group. Similarly, BEX]JY treatment overtly reversed the
alteration in Qi-yin deficiency + LPS-ATP group. Over-
all, all these data indicated that BFXJY treatment could
obviously antagonize the change caused by Qi-yin defi-
ciency combined with LPS-ATP treatment.
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Table1 Analysis results of quality control data
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Group Raw PE Combined Qualified Q20 Q30 GC% Effective%
Control 100,108.33 95,507.5 93,342.17 98.61 95.20 5336 62.71
Qi-yin deficiency 104,656.67 100,071.67 97,838.5 98.64 95.36 53.73 63.87
LPS-ATP 103,748.33 101,423.83 99,261.17 98.59 95.20 5334 63.26
Qi-yin deficiency 4 LPS-ATP 100,491.83 95,192.83 92,864.67 98.62 95.29 53.33 63.08
Positive group 102,530.17 100,044.83 98,036.50 98.62 95.27 5344 6291
Low-dose group 97,241.00 93,735.67 91,549.00 98.62 95.30 53.20 65.62
Middle-dose group 104,181.67 102,379.17 100,339.83 98.62 95.31 53.78 63.20
High-dose group 102,663.67 98,177.00 95,822.00 9845 94.82 52.76 66.01

Discussion

In the present study, we have demonstrated that NLRP3
inflammasome responses were upregulated in lung can-
cer with Qi-yin deficiency, which could be relieved with
BEXJY treatment. Moreover, the diversity of gut micro-
biome was reduced in lung cancer with Qi-yin deficiency,
and BFXJY treatment could restore the reduction that
was associated with the dose of BFXJY. Furthermore,
BEXJY treatment could obviously antagonize the change
of fecal microbial composition caused by Qi-yin defi-
ciency combined with LPS-ATP treatment.

A large number of experimental and clinical evi-
dence show that inflammation has an important role
in promoting tumor development at all stages [27]. The
NLRP3 inflammasome is not only the central link in the
occurrence of inflammation, it can also promote tumor
formation, invasion, and metastasis, and has become
a research hotspot in tumor treatment [28]. After the
NLRP3 inflammasome is activated, it causes an inflam-
matory cascade reaction, leading to the release of
pro-inflammatory factors such as IL-1f, IL-18, IL-22,
TNF-«, and the activation of inflammation-tumor
signaling pathways such as NF-kB. The tumor micro-
environment promotes the growth of tumor cells and
ultimately leads to the occurrence and deterioration of

Table2 The number of OTUs

Group OTUs Common
(vs control
group)

Control 741

Qi-yin deficiency 593 460

LPS-ATP 605 466

Qi-yin deficiency + LPS-ATP 730 489

Positive group 687 499

Low-dose group 605 459

Middle-dose group 597 466

High-dose group 588 442

tumors. In the occurrence and development of gastric
cancer and colon cancer, inflammasomes have been
characterized [29]. IL-1p is an important product of the
NLRP3 inflammasome. Studies have shown that trans-
genic mice that specifically express IL-1f can recruit a
large number of myeloid-derived suppressor cells at an
early stage and are more likely to develop spontaneous
gastritis and gastric cancer. Blocking the IL-1p signal-
ing pathway can well inhibit the development of gastric
precancerous and the activation of myeloid-derived
suppressor cells [30]. However, some studies have also
shown that in the enteritis model, activation of NLRP3
inflammasome has a protective effect on enteritis [31],
and it has also been found that NLRP3 inflammasome
can also inhibit the occurrence of enteritis-related
tumors [32]. Tas et al. [33] has shown that over-expres-
sion of IL-18 promotes the occurrence of gastric cancer
and affects the prognosis of patients. The level of IL-18
in serum may be an indicator for the diagnosis of gas-
tric cancer. Moreover, a large number of studies have
shown that in lung cancer with Qi-yin deficiency, IL-1p
and other inflammatory factors are all upregulated,
which plays an important role in promoting the devel-
opment of lung cancer. For example, Shen et al. [34]
found that the expression levels of IL-1p and TNF-a
are closely related to lung-yin deficiency syndrome. Cai
et al. [35] reported that the changes of serum TNF-a,
endothelin (ET), and MDA content in rats with lung
cancer with Qi-yin deficiency can be used as one of
the important objective indicators of lung cancer with
Qi-yin deficiency. Liang et al. [12] performed TCM dif-
ferentiation of 38 patients with advanced lung cancer
cachexia, and detected serum TNF-«, IL-1, and IL-6
levels, indicating that the TCM differentiation of lung
cancer cachexia was mainly based on Qi-yin deficiency,
and IL-6 and IL-1p levels are significantly higher than
control people. Therefore, in lung cancer with Qi-yin
deficiency, IL-1p and other interleukin pro-inflam-
matory factors are expressed in large quantities [12],
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which are also the main products of NLRP3 inflammas-
omes [36]. Previous studies have been shown that IL-1
and MDA are important indicators of Qi-yin deficiency
[37]. Moreover, the previous research [11] shows that
NLRP3 inflammasome and its products are up-regu-
lated in lung cancer tissues. In line with these results,
our results also revealed the up-regulation of NLRP3
inflammasome and its products, including NLRP3,
ASC, IL-1B, MDA at serum level, mRNA level, and pro-
tein level.

BuFeiXiao]iYin (BFXJY) is created by our group based
on many years of clinical experience. We have used
the human non-small cell lung cancer cell line A549

to explore the anti-NSCLC effect of BFXJY through
MTT, flow cytometry, RT-PCR, and other experimen-
tal methods [22, 23, 38]. The results showed that BFXJY
can inhibit the growth of lung cancer cells and prevent
the malignant proliferation of lung cancer cells; BEXJY
induces tumor cell apoptosis and increases the rate of
cell apoptosis, thereby exerting anti-tumor effects; The
mechanism of BFXJY inducing apoptosis of non-small
cell lung cancer cells may be through reducing MGMT.
The level of methylation affects the expression of other
apoptosis-related factors or the conduction of related
pathways. Moreover, several components, such as Mul-
berry Bark and Curcuma zedoary, have been exhibited
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well inhibitory effects on the expression of IL-1p, IL-18,
caspase-1, and NLRP3-ASC, which suggested that BEX]Y
can exert an anti-inflammation role through NLRP3
inflammasome responses [24]. Expectedly, in the pre-
sent study, we found that BFXJY treatment relieved
the up-regulation of NLRP3 inflammasome responses
in lung cancer with Qi-yin deficiency, as indicated by
the decrease of the serum, mRNA, and protein level of
NLRP3, ASC, IL-1p, MDA.

There are at least 1,000 kinds of microorganisms in
the human intestine, with some up to 10 trillion. These
microorganisms maintain a dynamic balance in the
intestine, which can synthesize vitamins, help the body
absorb nutrients from food, maintain the function of
the intestinal immune system, and resist the damage of
harmful microorganisms, which is called the "second
genome" acquired by the human body [39]. The diversity
of microbial communities is often evaluated by a diver-
sity and P diversity. a Diversity reflects the diversity and
richness of species in the sample. Specific evaluation
indicators include Simpson, Shannon, Chaol, and ACE
indices. Among them, Chaol and ACE indexes are used
to measure species richness, that is, the number of spe-
cies; Shannon and Simpson indexes are used to measure
species diversity [40]. In the present study, the Shannon
and Simpson indexes in the Qi-yin deficiency+ LPS-
ATP group were significantly decreased, which was
dramatically reversed with low, middle, and high dose
BFXJY treatment. The reduced Chaol and ACE indexes
in Qi-yin deficiency+LPS-ATP group were observably
increased with middle and high dose BEXJY treatment,
not low dose BFX]JY treatment. Thus, we concluded that
the diversity of gut microbiome was reduced in lung
cancer with Qi-yin deficiency, which could be antago-
nized with BFXJY treatment and was associated with
the dose of BFXJY. Studies have found that the imbal-
ance of the intestinal microbial community often stems
from changes in the abundance of the Proteobacteria.
Therefore, the Proteobacteria can be used as a microbial
marker for the imbalance of the intestinal flora [41]. Con-
sistently, our results also showed a decrease in the Qi-yin
deficiency + LPS-ATP group, indicating the imbalance of
the intestinal flora in the Qi-yin deficiency+LPS-ATP
group. The relative abundance of Lachnospiraceae, Rumi-
nococcaceae, Muribaculaceae, and Rikenellaceae are neg-
atively correlated with Qi-yin deficiency combined with
LPS-ATP, which was similar to a recent study Pu-erh tea
ameliorates obesity and modulates gut microbiota in the
high fat-diet-fed mice [42]. Several genera were also regu-
lated in the Qi-yin deficiency+LPS-ATP group, includ-
ing a decrease of Lachnospiraceae NK4A136 group and
Alistipes, and an increase of Lactobacillus and A2. How-
ever, all the change in the taxonomic distribution of gut
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microbial communities from each sample at the phylum
level, family level, and genus level were inverted with
BFXJY treatment. Therefore, the diversity and microbial
composition of gut microbiome were changed in lung
cancer with Qi-yin deficiency, and BFXJY treatments
could antagonize the alteration and were associated with
the dose of BEX]JY. However, it is still unclear whether the
microbiota alteration is due to an indirect effect result-
ing from a reduced tumor or a direct regulation gut from
BFXJY and this needs further study.

Conclusion

In conclusion, our results demonstrated that NLRP3
inflammasome responses were upregulated in lung can-
cer with Qi-yin deficiency, which could be relieved with
BFXJY treatment. Moreover, the diversity of gut micro-
biome was reduced in the lung cancer with Qi-yin defi-
ciency, and BEXJY treatment could restore the reduction
that was associated with the dose of BFXJY. Further-
more, BEX]JY treatment could obviously antagonize the
change of fecal microbial composition caused by Qi-yin
deficiency combined with LPS-ATP treatment. Taken
together, the results provide a theoretical basis for the
clinical development of therapeutic drugs targeting to
treat lung cancer.
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