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Yiqi Huoxue Recipe alleviates intervertebral disc degeneration by suppressing
interleukin-17, nucleus pulposus cell apoptosis and promoting SOX9/B-catenin
pathway

Zhijia MA", Jingwen ZHOU¥, Hong JIANG!, Pengfei YU', Feng DAT', Jintao LIU™*

Abstract

This study aimed to explore the effects of Yiqi Huoxue Recipe (YQHXF) on the pathological changes, Th-17 lymphocyte infiltration,
nucleus pulposus cell apoptosis, and the expression of extracellular matrix related proteins in degenerative intervertebral disc
of rats. Thirty SD rats were randomly divided into 5 groups (Sham, Model, Low YQHXE Medium YQHXF, and High YQHXF).
In this paper, the annulus fibrosus was broken and arranged disorderly, nucleus pulposus cells apoptosis was increased, and the
intervertebral discs were infiltrated by a large number of inflammatory cells in model group rats. However, YQHXF treatment
group significantly attenuated these effects. Annulus fibrosus puncture caused increase in Th-17 lymphocyte infiltration and
inflammatory factors in the model group, however, those effects were inhibited by YQHXF intervention. YQHXF treatment
significantly reduced nucleus pulposus cell apoptosis, which was increased in the model group. The down-regulation of SOX-9
phosphorylation, type II collagen, BMP-2 and the up-regulation of -catenin, MMP-3, MMP-13 and ADAMTS5 were found
in the model group compared with sham group. However, those changes were significantly attenuated by YQHXF treatment.
YQHXF could alleviate intervertebral disc degeneration in rats by reducing Th-17 lymphocyte infiltration, inhibiting nucleus
pulposus cell apoptosis and promoting SOX-9/p-catenin-mediated ECM synthesis

Keywords: Yiqi Huoxue Recipe; intervertebral disc degeneration; interleukin-17; nucleus pulposus cell.

Practical Application: YQHXF improves IVDD through modulating inflammation, apoptosis, and ECM.

1 Introduction

At present, it is generally believed that the fundamental
pathological change of low back pain is intervertebral disc
degeneration (IVDD) (Adams et al., 2010; Vergroesen et al.,
2015). Improving IVDD is an important research direction in
the prevention and treatment of low back pain. Inflammatory
factors play an important role in the progression of IVDD, some
studies have indicated that the expression of inflammatory factors
were increased in degenerative lumbar disc (Johnson et al., 2015;
Risbud & Shapiro, 2014; Wang et al., 2020). Overexpression of
inflammatory factors can destroy the balance of extracellular
matrix (ECM) metabolize, promote the expression of proteolytic
enzymes, induce apoptosis of nucleus pulposus cells, and induce
IVDD (Risbud & Shapiro, 2014). Chitosan/poly-y-glutamic acid
nanocomplexes (pro-inflammatory) induced upregulation of IL-
1B, IL-6, COX2 and nucleus pulposus injury, increase of CD4+ T
cells in the blood and lymph nodes in a rat IVDD model. However,
soluble diclofenac (anti-inflammatory) increased collagen type
2 content and number of nucleus pulposus cells, and promoted
M2 macrophages (MHCII+) (Cunha et al., 2020). ECM is mainly
composed of collagen and proteoglycan (McKee et al., 2019).
During the progression of IVDD, nucleus pulposus structure
changes, type II collagen in nucleus pulposus changes to type
I collagen, which causes nucleus pulposus fibrosis (Urits et al.,

2019). Kluba et al. (2005) found that the expression of type II
collagen gene in IVDD group was significantly lower than that
in non-IVDD group, and negatively correlated with the grade of
IVDD. The metabolism of ECM is affected by the regulation factors
of synthesis and degradation respectively. The regulatory factors
of synthesis include bone morphogenetic proteins (BMPs), tissue
inhibitors of metalloproteinases (TIMP), and transcription factor
SOXO9 (SRY related high mobility group box 9) (Li et al., 2018;
Zhang et al., 2006). Degradation regulators, including various
cytokines (such as IL-13 and TNF-a), promote the degradation
of ECM by regulating matrix metalloproteinases (MMPs) and
aggrecanase (ADAMTS) (Wang etal., 2017; Zhang et al., 2019).
It has shown that SOX9 was lowly expressed in IVDD and played
a key role in the progression of IVDD (Gruber et al., 2005).
Transfection of BMPs and SOX9 could promote the expression
of type 2 collagen in nucleus pulposus cells, which improved
IVDD (Ren et al., 2015). These indicated that SOX9 could be
used as a therapeutic target for IVDD.

The clinical treatment of IVDD mainly include drug therapy
and physical therapy. nonsteroidal anti-inflammatory drugs,
diuretic and detumescence drugs, neurotrophic drugs and so
on are often used to treat IVDD (Isa et al., 2015; Liu et al., 2019;
Wu et al., 2020a). Recent studies have shown that Traditional
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Chinese Medicine (TCM) treatment of IVDD is through multiple
pathways or targets, rather than simple anti-inflammatory (Zhu et al.,
2020). Moreover, TCM treatment showed the advantages of low
side effects (Zhu et al., 2020). “Fufangqishe-Pill” (containing
astragalus membranaceus, Ligusticum chuanxiong, musk, etc.)
could improve the degeneration of lumbar intervertebral disc in
rats by participating in the inhibition of multi matrix degradation
(Liang et al., 2010a). Muscone could down-regulate the expression
of IL-1P, iNOS, TNF-a, COX-2 mRNA in intervertebral disc
mice, and which protected cartilaginous endplate and delayed
the occurrence of degeneration (Liang et al., 2010b). TCM
treatment in IVDD has got considerable research attention.

Yiqi Huoxue recipe (YQHXR) is a kind of Chinese herbal
compound, which consists of membranous milkvetch root (20
g), semen brassicae (6 g), angelica sinensis (10 g), papaya (10
), the root of fangji (10 g), earthworm (15 g) and Ligusticum
wallichii (15 g). Astragalus polysaccharides can promote the
transcription of IL-2 gene in traumatic mice, thus correcting
the low cellular immune function after trauma (Li et al., 2020).
Tetrandrine, the main effective component of the root of fangji,
possessed obvious inhibitory effect on cellular and humoral
immunity, and also showed strong inhibitory effect on IL-1f
and TNF-a levels produced by monocytes and macrophages
(Ma et al., 2016; Seow et al., 1992). Tetramethylpyrazine, as the
main chemical component of Ligusticum wallichii, could reduce
the expression of type 1 collagen, type 3 collagen and a-SMA,
inhibit the proliferation of fibroblasts and induce apoptosis
(Wuetal., 2020b). However, the effect and mechanism of YQHXR
on IVDD have not been reported. Therefore, the main purpose
of this study was to evaluate whether YQHXR could improve
IVDD, and investigated the underlying mechanism.

2 Materials and methods

2.1 Animals

Sprague Dawley (SD) rats (n=30, 8-9 weeks, 200-250 g) were
purchased from Shanghai Lab. Animal Research Center. All rats
were reared at a constant temperature (20 + 2 °C), maintained
30-50% humidity, and kept in a 12 h day-night light cycle.
Feeding, drinking and other activities of rats were kept sterile.
All animal experiments were performed in accordance with
the guide for the care and use of laboratory animals of Suzhou
Hospital of Traditional Chinese Medicine and approved by the
animal ethics committee of Suzhou Hospital of Traditional
Chinese Medicine.

2.2 Preparation of YQHXF

YQHXF consists of membranous milkvetch root (20 g),
semen brassicae (6 g), angelica sinensis (10 g), papaya (10 g),
the root of fangji (10 g), earthworm (15 g) and Ligusticum
wallichii (15 g). YQHXF can be purchased in Suzhou Hospital
of Traditional Chinese Medicine. All ingredients are made into
1000 mL suspension using deionized sterile water, which is
concentrated to 200 mL using low flame, filtered with 100 mesh
screen, and stored in vacuum at 4 °C.

2.3 Experimental design

30 SD rats were randomly divided into five groups: sham
group (Sham, n=6), model group (Model, n=6), low dose
YQHXEF group (L-YQHXE, n=6), medium dose YQHXF group
(M-YQHXE n=6), and high dose YQHXF group (H-YQHXE
n=6). The rats were anesthetized by intraperitoneal injection of
15 mL/kg pentobarbital (3%), and the operation was performed
until the desired anesthetic effect was achieved. The rats were
fixed on the operating table in prone position, and then the
back of the rats was depilated and disinfected. In the sham
operation group, only skin incision and suture were performed
along spinous process of back. In the model control group and
YQHXF experimental group, the posterior median incision
was performed along spinous process of back, the exposed L3/4
intervertebral disc was punctured into 3.0 mm using a 21-gauge
needle, and the needle was rotated 360° along the axis twice
and maintained for 30 s. These accelerated degeneration of
intervertebral disc. Following that, each layer of tissue was sutured
in turn, and the rats were treated with intramuscular injection
of penicillin to resist infection. YQHXF experimental group was
given intragastric administration 1 weeks after modeling. The
dosage of L-YQHXE, M-YQHXF and H-YQHXF groups were
0.7,1.4and 2.8 g/kg.d, respectively. The sham group and model
group were given the same volume of 0.9% normal saline. The
rats were euthanized with high concentration of pentobarbital
at 8 weeks after operation.

2.4 Histological staining

After euthanasia, the intervertebral discs were separated and
fixed for 24 hours with 4% paraformaldehyde, and then made
into 4 pm paraffin sections. The slices were dewaxed for 5 min
with xylene, soaked for 5 min with alcohol (100%, 95%, 85%, and
75% alcohol), and then dyed for 5 min with hematoxylin dye.

For hematoxylin-eosin (HE) staining, the slices were
differentiated for 50s with 1% hydrochloric acid ethanol, and
re-stained for 2min with 1% eosin. After gradient ethanol (75%,
85%, 95%, and 100% alcohol) dehydration, slices were sealed with
neutral resin. Five random areas of each slice were observed and
photographed using a light microscope (200 X magnifications,
Olympus, Tokyo, Japan).

For masson staining, the slices were differentiated for Imin
with molybdophosphoric acid separation solution, and re-stained
for 5min with aniline blue staining, washed with absolute ethanol,
and then sealed with neutral resin. Five random areas of each
slice were observed and photographed using a light microscope
(200 X magnifications, Olympus, Tokyo, Japan).

2.5 Western blot

Intervertebral disc tissues were ground into homogenate,
and then tissues protein was extracted with RIPA reagent. The
protein concentration of each group was detected with BCA kit.
25 ug protein/Lane was separated by 10% SDS-PAGE, and then
transferred to PVDF membrane. The members were sealed for
2 h with 5% skimmed milk powder at room temperature, and
then incubated overnight at 4 °C with the corresponding primary
antibody [SOX9 (1:1000, ab182579, Abcam), p-SOX9 (1:1000,
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ab59252, Abcam), Collagen IT (1:1000, ab188570, Abcam), BMP2
(1:1000, ab14933, Abcam), MMP-3 (1:1000, ab52915, Abcam),
MMP-13 (1:1000, ab51072, Abcam), ADAMTS5 (1:1000, ab41037,
Abcam), B-catenin (1:1000, ab223075, Abcam)]. The members
were incubated for 1 h at room temperature with the second
antibody [Goat Anti-Rabbit IgG H&L (1:5000, ab96899, Abcam)
or Goat Anti-Mouse IgG H&L (1:5000, ab96879, Abcam)]. The
protein bonds were visualized using chemiluminescent reagents
(Beyotime) in a gel image analysis system (Bio-Rad, USA).
GAPDH was used as internal reference.

2.6 Flow cytometry

Peripheral blood monocytes were collected and adjusted
to 1 x 10'/L. The cells were cultured in RPMI-1640 medium
containing 10% fetal bovine serum, 2.5 x 107 g/L phorbol ester,
1 x 107 g/L ionomycin and 1 x 10 g/L brefeldin A for 5 h at
37 °Cand 5% CO,. The cells were collected and resuspended
in 1 x 10950 pL PBS, mixed with pre-cooled anti-PE-Cy5
CD4, and then incubated at room temperature for 20 min.
After washed twice with PBS, the cells were resuspended and
incubated at 4 °C for 30 min with fixation/per-meabilization
buffer (FEMACS, Nanjing, Jiangsu, China). After washed twice
with PBS, the cells were mixed with anti-PE-IL-17, and then
incubated at room temperature for 30 minutes. Following that,
flow cytometry was performed in an Attune NXT Acoustic
Focusing cytometer (ThermoFisher, Waltham, Ma, USA)
and the data was analyzed with Flowjo software (Tree star,
Ashland, OR, USA).

2.7 Immunofluorescence assay

Cryosection was carried out for the disc tissues. The sections
were restored to room temperature, and then fixed and ruptured
the membrane for 10 minutes with ice-acetone. The sections were
sealed for 30min with 3% bovine serum protein at 37 °C. After
washed for 3 times with PBS, and the sections were incubated
overnight at 4 °C with corresponding primary antibody [CD4
(dilution 1:50, ab51312, Abcam Inc., Cambridge, MA, USA)
and IL-17A (dilution 1:400, sc-7927; Santa Cruz Biotechnology,
Santa Cruz, CA, USA). After washed for 3 times with PBS, the
sections were incubated for 60 min at room temperature with
second antibody [Cy3-conjugated IgG (division 1:50, Invitrogen,
Paisley, UK) and fluorescein isothiocyanate (FITC)-conjugated
IgG (dilution 1:250, sc-3839, US). After washed for 3 times
with PBS, the sections were incubated for 15 minutes at room
temperature with DAPI, and then sealed. Five random fields were
photographed in each slice using a Leica TCS SP5 microscope
(Leica Microsystems, Wetzlar, Germany). The number of
CD4%/IL-17* cells (Th17 cells) was calculated.

2.8 TUNEL

Apoptosis of nucleus pulposus cells was detected by TUNEL.
The sections were dewaxed for 5 min with xylene, soaked for
5 min with alcohol (100%, 95%, 85%, and 75% alcohol), and
then treated for 30 min with proteinase K. The sections were
incubated for 1 h at 37 °C with 50 pl of TUNEL reaction mixture,
and then incubated for 30 min at 37 °C and 50 pL of converter
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POD. Following that, DAPI was used for nuclear staining, and
gradient alcohol dehydration, xylene transparency, and neutral
resin sealing were performed. Apoptotic cells were observed
and photographed using a fluorescence microscope (Leica
Microsystems, Wetzlar, Germany).

2.9 Reverse transcription-polymerase chain reaction
(RT-PCR) assay

Total RNA was extracted using Trizol reagent in
intervertebral disc tissue. The cDNA was obtained by first
strand cDNA synthesis supermax Kit (TRANS). The reaction
conditions were 42 °C for 15 min and 85 °C for 5 s. RT-PCR
was performed using SYBR Green PCR MasterMix (Roche) in
an abi7900 imaging system (UVP, LLC, Portland, California,
USA). The reaction conditions were 95 °C denaturation for
60s, and then 37 cycles were carried out: 95 °C 5s, 55 °C
120s, 72 °C 180s. GAPDH was used as normalization. Data
were analyzed using 2-**“" method. The primer sequences
are shown at Table 1.

2.10ELISA

The levels of IL-1B, TNF-a and IL-10 in the serum of
peripheral blood and the supernatant of intervertebral disc tissue
homogenate were detected by ELISA kit (Nanjing Jiancheng
Bioengineering Institute, China), and the experimental operation
was strictly performed according with the instructions.

2.11 Statistical analysis

The data were analyzed by SPSS 20.0 software (IBM Corp.,
Armonk, NY, USA), and the experimental data were expressed
by mean * SD. Univariate analysis of variance followed the
Tukey method was used for comparison among >3 groups.
P < 0.05 was indicated as statistically significant. We repeated
each experiment was repeated three times.

Table 1. List of primers for RT-PCR analysis.

The Primer Sequence 5’-3’
SOX9 Forward: 5-TGCAGGAGGAGAAGAGAAGG-3
Reverse: 5-GTGGCCAGTTCACAGCTGC-3
Collagen2  Forward: 5-GCTCGCACCTGCAGAGACCTG-3
Reverse: 5-GTCCACACCGAATT CCTGCTCG-3’
BMP2 Forward: 5’-
TCATAAAACCTGCAACAGCCAACTCG-3
Reverse: 5- GCTGTACTAGCGACACCCAC-3’
MMP13 Forward: 5-CCGAGGAGAAACAATGATCT-3’
Reverse: 5-GCCTGTATCCTCAAAGTGAA-3
MMP-3 Forward: 5-TCGTTGCTGCTCATGAAATTG-3’
Reverse: 5-GCTTCAGTGTTGGCTGAGTGAA-3’
ADAMTS5  Forward: 5-GTCCAAATGCACTTCAGCCA-3
Reverse: 5-GGTGGCATCGTAGGTCTGTC-3
[-catenin Forward: 5-AGGAATGAAGGTGTGGCGACA-3
Reverse: 5-TGGCAGCCCATCAACTGGAT-3
GAPDH Forward: 5’-ACCCCAGCAAGGACACTGAGCAAG-3

Reverse:
5-GGCCCCTCCTGTTATTATTATGGGGGT-3’
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3 Results

3.1 YQHXF attenuated the progression of IVDD

The effect of YQHXF on IVDD was studied by HE staining
and Masson staining (Figure 1A and 1B). The results showed that
the arrangement of nucleus pulposus cells was normal, there was
no obvious inflammatory cell infiltration, and the cartilage was
smooth in the sham group. However, in the model group, IVD
was infiltrated by a large number of inflammatory cells, fibrous
ring was disorderly arranged and ruptured, nucleus pulposus
cells was significantly decreased in compare with that in sham
group. However, in YQHXF group, the arrangement of nucleus
pulposus cells tended to be orderly, the decrease of nucleus

pulposus cells was significantly inhibited, the arrangement of
annulus fibrosus was gradually uniform, the rupture site was
reduced, and the infiltration of inflammatory cells was reduced
with the increase of YQHXF-treatment concentration. These
results indicated that YQHXF could effectively alleviate the
progression of IVDD.

3.2 YQHXF inhibited Th17 cell infiltration in degenerative
intervertebral discs

Pathological studies showed that there were extensive
inflammatory cells infiltrating into the degenerative IVD, so we
measured the number of Th17 lymphocytes in the degenerative
IVD and serum. IL-17 and CD4 antibodies were used to label Th17

L-YQHXF

Figure 1. IQHXF improved intervertebral disc degeneration in rat punctured IVDD model. Rats were divided into 5 groups: Sham operation group
(Sham group); Co3/4 disc was punctured in IVD (Model group); puncture and intragastric administration of 0.7 g/kg.d YQHXF (L-YQHXF);
puncture and intragastric administration of 1.4 g/kg.d YQHXF (M-YQHXEF); puncture and intragastric administration of 2.8 g/kg.d YQHXF
(H-YQHXEF). (A) Pathological change of IVD was measured by HE staining; (B) Pathological change of IVD was detected by Masson staining.
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to evaluate the number of Th17 in degenerative IVD. Compared
with the sham group, the number of IL-17*CD4* labeled Th17
cells in the model group was significantly increased. Compared
with the model group, IL-17*CD4* labeled Th17 cells in YQHXF
groups were significantly reduced (Figure 2). Moreover, the
results in serum were similar with that in degenerative IVD
(Figure 3). Furthermore, the results showed that the levels of

DAPI IL-17

M-YQHXF L-YQHXF Model Sham

H-YQHXF

inflammatory factors in serum and IVD tissue in the model group
were significantly higher than that in the sham group. However,
the expression of inflammatory factors in YQHXF group was
inhibited in compare with that in model group (Figure 4A-F).
These results suggested that infiltration of Th17 lymphocytes was
involved in the progression of IVDD, and YQHXF could inhibit
the infiltration of Th17 lymphocytes in the IVDD.

CD4

Merge

Figure 2. IQHXF reduced IL-17+CD4+ (Th17) cells infiltration in IVD. IL-17 and CD4 marked Th17 cells were detected in IVD by

immunofluorescence assay.
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Figure 3. IQHXF decreased IL-17+CD4+ (Th17) cells number in serum. IL-17 and CD4 marked Th17 cells were detected in serum by flow

cytometry. **P < 0.01 vs. Sham group, ##P < 0.01 vs. Model group.

3.3 YQHXF inhibited apoptosis of nucleus pulposus cells in
degenerative intervertebral discs

The effect of YQHXF on nucleus pulposus cell apoptosis
was detected by TUNEL assay (Figure 5). The results showed
that the number of TUNEL stained nucleus pulposus cells in
the model group was significantly increased in compare with
the sham group, which indicated that the apoptosis of nucleus
pulposus cells in the model group was significantly enhanced.
However, the number of TUNEL stained nucleus pulposus cells
in YQHXF group was significantly reduced in compare with that

in model group. These results suggested that YQHXF inhibited
the apoptosis of nucleus pulposus cells in IVDD.

3.4 YQHXF promoted ECM synthesis via SOX9/f-catenin
signaling pathway

In order to investigate the mechanism of YQHXF improving
IVDD, we detected the expression of SOX9/B-catenin
signaling pathway and ECM related proteins (Figure 6A-H).
The results showed that compared with sham group, SOX9
phosphorylation and BMP2 expression were decreased, while

Food Sci. Technol, Campinas, v42, e86421, 2022
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Figure 4. IQHXF inhibited Inflammatory reaction in serum and IVD. (A-C) Inflammatory factors (IL-1B, TNF-a, and IL-6) in serum were
detected by ELISA; (D-F) Inflammatory factors (IL-1p, TNF-a, and IL-6) in IVD were detected by ELISA. **P < 0.01 vs. Sham group, ##P < 0.01

vs. Model group.

B-catenin expression was increased in model group. In YQHXF
group, the phosphorylation of SOX9 and the expression of
BMP2 were increased, while the expression of p-catenin was
inhibited. These results indicated that YQHXF promotes the
activation of Sox9/f-catenin signaling pathway. In addition,

Food Sci. Technol, Campinas, v42, e86421, 2022

the expression of matrix metalloproteinase (MMP-3 and
MMP-13), glycoprotein (ADAMTSS5), and collagen II were
detected. The results showed that the expressions of MMP-
3, MMP-13 and ADAMTS5 were significantly increased in
the model group, while the expression of collagen II was
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significantly decreased in compare with the sham group. = mRNA expression were consistent with those of protein
In YQHXEF group, the expression of MMP-3, MMP-13 and  expression (Figure 7A-G). These results demonstrated that
ADAMTS5 were significantly inhibited, while the expression =~ YQHXF increased ECM synthesis by activating SOX9/p-
of collagen II was up-regulated. Moreover, the results of  catenin signaling pathway in IVDD.

DAPI TUNEL

Merge

Sham

Model

L-YQHXF

M-YQHXF

H-YQHXF

v v - v
. v ,
- - l
.
.

Figure 5. IQHXF attenuated nucleus pulposus cell apoptosis in IVD. The apoptosis of nucleus pulposus cell in IVD was measured by TUNEL assay.
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Figure 6. The effect of IQHXF on ECM related protein. (A-H) The SOX9, p-SOXO9, p-catenin, BMP2, ADAMTS5, MMP-3, MMP-13, and Collagen
2 protein expressions were measured by western blot. **P < 0.01 vs. Sham group, #P < 0.05 vs. Model group, ##P < 0.01 vs. Model group.

4 Discussion

and Masson staining results showed that the puncture of annulus

In this study, a model of IVDD was constructed by annulus fibrosus resulted in the rupture of annulus fibrosus, the decrease
fibrosus puncture as the previous studies (Chen et al,, 2020;  ©of nucleus pulposus cells, and the infiltration of inflammatory
Zhan et al., 2019; Zhang et al., 2019), and the model was  cells. These pathological changes were consistent with previous
confirmed by observing the pathological changes of IVD. HE  studies (Zhang et al., 2019).
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Figure 7. The effect of IQHXF on ECM related mRNA. (A-G) The SOX9, B-catenin, BMP2, ADAMTS5, MMP-3, MMP-13, and Collagen 2 mRNA
expressions were measured by RT-PCR. **P < 0.01 vs. Sham group, #P < 0.05 vs. Model group, ##P < 0.01 vs. Model group.

In recent years, because the surgical treatment of low
back pain could not bring well long-term clinical efficacy to
patients, traditional Chinese medicine plays an indispensable
role in treatment of IVDD (Kim & Chung, 2021; Yang et al.,
2019; Zhu et al., 2020). Fangji-Duhuo Jisheng decoction
could inhibit the degradation of extracellular matrix (ECM)
and nucleus pulposus cells apoptosis induced by compress
in vitro, and improve the puncture induced IVDD in rats
(Liu et al.,, 2020). Through network pharmacology, it was
found that AGE-RAGE, TNF, PI3K, Akt, MAPK, and other
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signal pathways may be related to Bushen Huoxue Decoction
in the treatment of IVDD (Feng et al., 2021). Ge Gen decoction
could alleviate cervical spondylosis by inhibiting the expression
of PGE2 and COX (Jun et al., 2005). In this study, similarly,
YQHXF [membrane milkvetch root (20 g), semen brassicae (6
g), Angelica sinensis (10 g), papaya (10 g), the root of Fangji
(10 g), earthworm (15 g) and Ligusticum wallichii (15 g)]
could inhibit the infiltration of Th17 lymphocytes, enhance
the apoptosis of nucleus pulposus cells, and degrade ECM
in puncture induced IVDD rats.

Food Sci. Technol, Campinas, v42, e86421, 2022
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Th17 cells are a subset of CD4* T cells independent of Th1
and Th2. A large number of basic studies have shown that Th17
lymphocytes are closely related to a variety of autoimmune and
chronic inflammatory diseases (Jun et al., 2005; Miossec & Kolls,
2012; Yasuda et al., 2019). Th17 cells secrete IL-17, and then
stimulate the expression of inflammatory factors such as IL-1,
TNF-a and IL-6, and a variety of chemokines. Moreover, the
chemokines aggravate the inflammatory response by promoting
the recruitment and activation of neutrophils and macrophages
(Balasa et al., 2020; Tristdo et al., 2017; Xu & Li, 2018). The
mRNA and protein expression of IL-17 and TNF-a were higher
in patients with ruptured annulus fibrosus than in patients with
intact fibrosis (Liu et al., 2016). Down regulation of progranulin
could accelerate IVDD by reducing IL-10 and increasing IL-17
in vivo and in vitro (Wang et al., 2018). In this study, the results
indicated IL-17*CD4" positive cells and inflammatory factors
(IL-1P, TNF-qa, and IL-10) were increased in degenerative IVD.
Moreover, YQHXF could significantly reduce the number of
IL-17*CD4" positive cells in degenerative IVD, and reduce the
level of inflammatory factors (IL-1p, TNF-a, and IL-10).

The normal synthesis of ECM such as proteoglycan and
type II collagen play an important role in maintaining the
morphology and function of IVD (Chen et al., 2019; Wang et al.,
2019a). SOX9 gene is a member of SOX gene family. The smallest
COL2AL1 gene enhancer was found to be the target gene of SOX9,
which indicated that SOX9 gene was involved in the specific
activation of COL2A1 in chondrocytes (Smeriglio et al., 2020;
Zhang et al,, 2015). A large number of studies have shown that
the expression of SOX9 can improve IVDD (Ren et al., 2013;
Zhang et al., 2021; Zhao et al., 2020). SOX9 gene knockout could
cause degradation of ECM in nucleus pulposus cells and annulus
fibrosus, induce apoptosis of nucleus pulposus cells, and cause
specific changes of transcriptome (including the regulation of
extracellular matrix, cytoskeleton and metabolic pathways in
nucleus pulposus cells and the regulation of cell cycle and ion
transport in annulus fibrosus) (Tsingas et al., 2020). f-catenin
is an important intracellular signal molecule in wnt/B-catenin
pathway (Valenta et al., 2012). Up-regulation of P-catenin
can combine with T lymphokines or transcription factors of
lymphoenhancer family (TCF/LEF) to activate the expression of
Wnt pathway target genes, including bone morphogenetic protein
(BMP) 2 and 4, CD44, MMP-7 and MMP-13, interleukin-8 and
so on (Doumpas et al., 2019; Wang et al., 2019b). The activation
of wnt/B-catenin played a positive role in the progression of
IVDD (Kondo et al., 2011). Aquaporin 3 could inhibit the
degradation of ECM and promote the proliferation of human
nucleus pulposus cells, thereby alleviating IVDD, and these
effects are partly related to the inhibition of wnt/B-catenin
(Xie et al,, 2016). In addition, p-catenin was inhibited when
chondrocytes were infected with adenovirus-mediated SOX-9
gene in vitro (Sinha et al., 2021; Topol et al., 2009), which might
be the key way for SOX-9 to promote ECM synthesis. In our
study, puncture of annulus fibrosus decreased phosphorylation
of Sox-9, BMP 2, and collagen 2, while increased expression of
b-catenin, MMP-3, MMP-13,and ADAMTS5 in IVD, and these
effects were attenuated by YQHXF intervention. These results
suggested that YQHXF might improve IVDD by regulating
SOX-9/B-catenin pathway.

Food Sci. Technol, Campinas, v42, e86421, 2022

There are still some limitations in our research. First of all,
we lack clinical experimental data and related cell experiments,
which would be our next work. Second, the mechanism of
YQHXEF regulating nucleus pulposus cell apoptosis and Th-17
cell infiltration is unclear, which need further study.

In conclusion, our study showed that YQHXF could alleviate
IVDD by inhibiting nucleus pulposus cell apoptosis, reducing
Th-17 cell infiltration, and promoting the SOX-9/B-catenin
pathway-mediated synthesis of ECM. Our data provided the
basis for YQHXF to be widely used in the treatment of IVDD.
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