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Background: Degenerative knee osteoarthritis (KOA) may lead to disability in adults. Current treatment modalities for KOA often
involve significant side effects and high costs. Yi-Ping Lin Circum-knee Acupuncture (CKA-L) emerged as a cost-effective and nearly
side-effect-free alternative. However, its efficacy and the underlying mechanisms remain unclear, which raised our concern.
Methods: Female SD rats were randomly divided into 4 groups: Sham, Model, CKA-L treatment (Treatment), and positive control
(Piroxicam). The Arthritis Index (AI) and body weights were recorded. ELISA was used to quantify levels of IL-1p and TNF-a. X-ray,
HE, and Toluidine blue staining were employed to assess cartilage regeneration. Transcriptome sequencing was performed to identify
differentially expressed genes (DEGs). Bioinformatics methods were employed to perform functional enrichment and protein-protein
interaction (PPI) analysis on these DEGs. RT-qPCR and Western blot were utilized to determine the hub genes.

Results: Both CKA-L and piroxicam effectively alleviated KOA, albeit with slower response times for CKA-L (4 weeks in CKA-L
group vs 3 weeks in piroxicam group). ELISA results demonstrated significant reductions in pro-inflammatory cytokines, with
a pronounced decline in TNF-a in the Treatment group (p< 0.01). CKA-L markedly increased chondrocyte populations and narrowed
the knee joint gap. Transcriptome analysis identified 3363 DEGs. Functional enrichment analyses highlighted significant associations
with DNA repair, inhibition of cysteine-type endopeptidases, and cell-cycle regulation. The PPI analysis of DEGs designated five hub
genes: Bgn, Ctsb, Lum, Serpinel, and Tnfaip6, which demonstrated consistent transcriptional and translational expression levels.
Conclusion: CKA-L promotes chondrocyte proliferation and provides effective treatment for KOA, with the advantages of low price,
low side effects, and convenient operation.
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Introduction

Osteoarthritis (OA) is an inflammatory disease caused by abnormalities of the joints or periarticular tissues.' It is
a panarticular disease affecting all joint tissues, including changes in the synovium and infrapatellar fat pad.? Notably, the
inflammatory response originates not only from the articular cartilage itself, but more critically from immune-
inflammatory abnormalities in the periarticular tissues—particularly structures such as the synovium, subchondral
bone, and infrapatellar fat pad.> By 2050, experts predict that OA prevalence may soar to one billion cases globally.*
The knee joint consists of the femur, tibia, and fibula, and its inflammation is a common one in OA. Knee osteoarthritis
(KOA), also known as degenerative KOA or hypertrophic arthritis of the knee, involves damage to the articular cartilage,
meniscus, and ligaments. Moreover, irregularities in the knee joint can cause undue medial or lateral loading on the tibial
and femoral components.” The exact cause of KOA remains unknown. However, factors like natural aging and trauma

are suspected contributors.® Certainly, factors such as obesity, aging, and gender should not be overlooked.”” Moreover,
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in the United States, approximately 2% of individuals over 17 and 10% of those aged 65 and older are affected by KOA.°
Treatments for KOA typically fall into two main categories: non-surgical and surgical interventions. Non-surgical

approaches prioritize weight loss,'” physical activity,'"""?

and pharmacotherapy. Notably, non-steroidal anti-
inflammatory drugs (NSAIDs) are frequently used such as piroxicam.'? Although injection alternatives may mitigate
side effects, long-term NSAID usage still poses risks to the liver, kidneys, and gastrointestinal tract.'*'> Short-term or
intermittent use of acetaminophen and corticosteroid injections are also commonly used treatments. However, these
treatments carry the risk of hepatotoxicity and may elevate the likelihood of cartilage deterioration, and treatment is
expensive.'®!” In surgical treatment, arthroscopy is recommended due to its favorable efficacy.'®'® However, some
studies also indicate that the benefits of arthroscopy may be short-term or effective only for certain specific groups of
patients with KOA.?*2! Despite the variety of KOA treatments available, these disadvantages mentioned above underline
the urgent need for new therapies that are more universally effective and exhibit fewer side effects.

Lifetime medical expenses linked to KOA in US adults total approximately $12,400.%* In contrast, the average cost
for acupuncture treatment is merely ¥19.32 (Approximately 0.027 US dollars).*** This indicates that acupuncture can
significantly reduce healthcare expenses. Research highlights acupuncture’s considerable efficacy for OA when compared
to other forms of traditional Chinese medicine (TCM), showing minimal side effects.”> Such benefits enhance acupunc-
ture’s prominence in therapeutic contexts. Acupuncture operates on the meridian theory intrinsic to Chinese medicine,
historically utilized for thousands of years to alleviate various ailments by activating specific body surface points
(acupoints) and promoting self-regulatory functions.”® Current evaluations indicate acupuncture effectively addresses
81 medical conditions via efficacy grading and 68 via evidence-based analysis, predominantly in pain, neurological, and
immunoendocrine disorders.?” As a long-established TCM technique, acupuncture is widely applied in the treatment of
KOA.? 3 The primary variations in acupuncture methods stem from the selection of acupoints and the techniques
employed. Commonly chosen acupoints in clinical practice for KOA include local points such as Xuehai, Yinlingquan,
Yanglingquan, Xiyang, Zusanli, and Heding.”®*'>? Additionally, practitioners may utilize acupoints derived from
clinical experiences, such as Guan’s Six Spirit points for knee pain.** Frequently utilized acupuncture methods
encompass traditional needling, moxibustion, and warming acupuncture. Innovations that integrate modern scientific
technology for acupuncture, such as electroacupuncture.”® Occasionally, practitioners may employ a combination of
techniques for treatment.>> Furthermore, acupuncture serves as an adjunctive treatment modality for KOA, enhancing the
overall therapeutic efficacy as reported in various studies.>*?” Yi-Ping Lin Circum-knee Acupuncture (CKA-L) is an
acupuncture technique developed for knee arthritis pain based on traditional acupuncture combined with the Three-Level
Pattern Identification Framework (Disease Identification, Meridian-Based Pattern Identification, and Symptom-and-Sign
Pattern Identification). In previous clinical studies, we found CKA-L to be significantly effective for knee arthritis pain
(p=0.024).® Nevertheless, the scarcity of robust research hinders the broader acceptance of acupuncture.

This study set out to apply a new acupuncture technique, CKA-L, to treat KOA. Four groups were set up: Sham
group, KOA model group, CKA-L treatment group, and piroxicam treatment group to compare and analyze the treatment
effect of CKA-L on KOA. Our research may offer a cost-effective approach for KOA therapy, with minimal adverse
effects. It also provides a scientific basis for the treatment of KOA with CKA-L and contributes to the evidence-based
medicine of acupuncture.

Methods

Degenerative Knee Osteoarthritis Model

Female Sprague-Dawley (SD) rats (160~220 g, 6~8 weeks) were purchased from the Experimental Animal Center of
Kunming Medical University (License No. SCXK (Dian) 2020-0004). SD rats were housed at a temperature of 22 + 1
°C. All animals were anesthetized by intraperitoneal injection of Ketamine & xylazine at a dose of 100 mg/kg and 5 mg/
kg. The skin at the knee joint was incised in the Sham group and sutured as soon as it was exposed. The model was
constructed for 4 weeks and then consecutively treated with CKA-L or piroxicam for 4 weeks to form the Treatment and
Piroxicam groups, respectively. CKA-L treatment was required 3 times a week. The piroxicam was administered to rats
by gavage at a dose of 12 mg/kg once daily. The methods of model construction®” were as follows: after anesthesia, SD
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rats were fixed in the supine position, the hair at the surgical site was removed and disinfected, and the skin of the medial
tibia was incised centered on the horizontal plane of the tibial plateau of the knee joint, the medial collateral ligament was
exposed, and it was carefully severed. Then, the knee joint cavity was opened horizontally, the medial meniscus was
carefully dissected from the middle position, and the anterior cruciate ligament was dissected deep in the joint cavity.
Finally, the joint cavity was closed, and sutured, and the appropriate amount of penicillin powder was sprinkled on the
surgical site to fight infection. Female SD rats were randomly divided into four groups (n=3): the Sham group, the Model
group, the CKA-L treatment group (Treatment), and the Piroxicam tablets (a positive drug for KOA) treatment group
(Piroxicam). Euthanasia of SD rats with cervical dislocation after anesthesia with sodium pentobarbital (120 mg/kg) after
completing the treatment experiment. All animal experiments conducted in this study were approved by the Experimental
Animal Ethics Committee of Yunnan Provincial Hospital of Traditional Chinese Medicine (Ethics Approval No.: DSL-
2024-048) and strictly adhered to the relevant provisions of the “Guidelines for Ethical Review of Laboratory Animal
Welfare” (GB/T 35892-2018), ensuring the welfare of experimental animals was fully safeguarded.

Yi-Ping Lin Circum-Knee Acupuncture Treatment Methods and Prognostic

Assessment

CKA-L treatments focused on specific acupoints, including the inner and outer Xiyan, Heding, and weizhong acupoints.
Acupuncture points are localized according to relevant standards.*® The Xiyan acupoints, located beside the patellar
ligament when the knee is flexed, consist of the inner and outer Xiyan. The Heding acupoint lies at the patellar apex (the
depression above the midpoint of the patellar base). The weizhong acupoint resides at the center of the posterior knee
depression, aligned with the popliteal transverse stripe (Figure 1A). During treatment, rats were administered inhalation
anesthesia with 1% isoflurane in 100% O,, at a flow rate of 1-2 L/min, a stable respiratory rate of rats at 50—70 breaths/
min to ensure animal compliance. The needles employed measured 25%25 mm, utilizing both flat tonic and flat diarrhea
techniques. Specifically, needles were gently inserted 3—5 mm into the Xiyan and Heding acupoints, and 5—7 mm into the
weizhong acupoint. Each needle was rotated gently at each acupoint for 30 seconds and then left in place for 30 min
before careful withdrawal. To monitor progress, rats were weighed every three days, and a 4-point arthritis index (Al)
score®’ was introduced to assess the severity of KOA, as detailed in Table 1. Additionally, X-ray (Portable X-ray
Diagnostic System for Animals, HF100Ha, Hitachi, Japan) imaging was used to evaluate the treatment efficacy.

ELISA

To collect synovial fluid for ELISA, a 1 mL syringe aspirated 0.2 mL of distilled water and transferred it into the joint
cavity for repeated aspiration. Synovial fluid is a viscous liquid secreted by synovial cells, rich in hyaluronic acid,
lubricin, and plasma filtrate components. Its primary functions include lubricating articular cartilage, reducing friction,
nourishing cartilage, and cushioning mechanical impacts. Within an inflammatory microenvironment, synovial fluid
releases inflammatory mediators that induce catabolic processes in chondrocytes, accelerating degradation of the
cartilage matrix.** This procedure adhered to the guidelines provided by the Cytokine IL-1f (E-EL-R0012c) and TNF-
o (E-EL-R2856c¢) kits (Elabscience, China). Optical density values for each well were measured using an enzyme
labeling instrument (ELx800, BIO-TEK, USA) at 450 nm within 15 minutes post-reaction.

Decalcification and Tissue Staining Analysis
Whole knee joints of rats were taken and fixed in 4% frozen paraformaldehyde and then immersed in 5% EDTA for
decalcification. Cartilage slices were dehydrated and embedded in paraffin. Consecutive 5 um sections were made with
a paraffin slicer (Leica, Germany).

HE Staining: tissue sections underwent staining with hematoxylin for 5 minutes. They were then immersed in
a hematoxylin differentiation solution for 30 seconds and were washed with running water. Subsequently, sections
received eosin staining for 1 to 2 minutes before dehydration and sealing for holographic scanning.

Toluidine Blue Staining: dried at 60 °C for at least 30 min and rehydrated with xylene and graded alcohol. Samples
were immersed in a toluidine blue staining solution for 3 min and then rinsed with distilled water. Sections were
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Figure | CKA-L effectively treats degenerative knee osteoarthritis. (A) Schematic diagram of CKA-L treatment acupoints. The red one is Heding, the two purple ones are
the Inner and Outer Xiyan, and the yellow one is Weizhong. The dotted line indicates behind. (B and C) Body weight assessment of rats at 4 weeks after modeling (B) and
4 weeks during treatment (C). (D) Comparison of arthritis index within (upside) and between (downside) groups during treatment. (E) Knee joint damage was evaluated
using safranin O-fast green staining and scored according to the OARSI grading system. Data are expressed as mean * SD of four parallel independent experiments.
Statistical significance was indicated as ** p< 0.01, *** p< 0.001.
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Table | Arthritis Index

Symptomatic Mark
No arthritis 0
Joints appear slightly swollen or with red spots |
Joints show moderate swelling or redness 2
Joints show signs of severe redness and swelling 3
Severe swelling or redness of the joints and inability to walk with weight-bearing 4

differentiated in 95% ethanol for a few seconds to 1 min followed by anhydrous ethanol for rapid dehydration. Xylene
was transparent and slices were sealed with neutral gum for holographic scanning.

Safranin O-Fast Green staining: The samples were dried at 60 °C for at least 30 min, then rehydrated using xylene and
graded ethanol. The sections were stained with Weigert’s iron hematoxylin solution for 5 min, followed by differentiation
in acid ethanol for 5s and rinsing. The slices were then immersed in Fast Green solution for 30 min, washed again, and
air-dried. Subsequently, the sections were stained with Safranin O solution for 1 min, and excess stain was removed with
absolute ethanol. Then, the sections were cleared with xylene and mounted with neutral balsam. Finally, whole-slide
images were acquired using a holographic scanning microscope.

Transcriptome Analysis

RNA sequencing was conducted on the Sham, Model, and Treatment groups (n=4). Total RNA from the samples was
extracted by the TRIzol method and evaluated for quality. Library construction and sequencing were done by Novogene
(Beijing, China). The samples were sequenced on the [llumina platform. Subsequently, quality control was performed on
the raw data to remove low-quality reads and obtain high-quality clean data. HISAT?2 (v2.0.5) was used to map the clean
reads to the reference genome, with overall mapping rates ranging from 95.36% to 97.07% across all samples. Gene
expression levels were quantified using the FPKM method. The results obtained were analyzed using the DESeq2
package in R.** Differences were screened for |log,(Fold Change) | > 1 and padj < 0.05 (FDR (Benjamini-Hochberg) <
0.05). After obtaining the differentially expressed genes (DEGs), clusterProfiler software was used to perform Gene
Ontology (GO)* and Kyoto Encyclopedia of Genes and Genomes (KEGG)* enrichment analysis and padj < 0.05 was
used as the threshold for significant enrichment. Protein-protein interaction (PPI) analysis was performed based on the
interactions in the STRING protein interaction database. Analysis and hub gene screening was performed by the
MCODE plug-in of Cytoscape software.

RT-qgPCR
RT-gPCR was used to validate the reliability of the sequencing outcomes. B-actin was selected as the internal reference
gene. Total RNA was extracted with TRIzol reagent (15596026, Lifetech, China). Following this, RNA was converted
into cDNA utilizing the FastKing RT cDNA (With gDNase) kit (KR116, Tiangen, China), adhering to the manufacturer’s
guidelines. cDNA was extracted with Taq Pro Universal SYBR qPCR Master Mix (Q712-02, Vazyme, China) to amplify
the target gene and perform real-time RT-PCR for quantification. The instrument used for RT-qPCR was the 7500 Real-
Time PCR System (Applied Biosystems, USA). PCR cycling conditions were as follows: 95 °C for 10 min; 95 °C for
15s; 60 °C for 30s; repeated for 4045 cycles. The relative expression of the genes was calculated using the 2742¢
method. Primers used for RT-PCR are shown in Table 2.

Western Blot

To assess changes in hub genes at the translational level, tissue proteins were extracted using RIPA buffer (P0013B,
Beyotime, China) containing a protease inhibitor mixture. The lysates underwent separation via 10% SDS-PAGE. Then,
the proteins were transferred onto a PVDF membrane. Skimmed milk (5%, pH 7.5) was used to block proteins. Then,
proteins were incubated with primary antibodies overnight at 4°C. Incubating the secondary antibody after rinsing the
membrane. Lastly, Immobilon Western Chemiluminescent HRP Substrate (WBKLS0100, Millipore, China) was used to
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Table 2 List of Primers

Gene F (5-3") R (5'-3")
pactin | CTGGAGAAGAGCTATGAG | GATGGAATTGAATGTAGTTTC
Bgn CTGAGACCCTGAATGAAC | TTGGAGTAGCGAAGTAGA
Serpinel | ACAAGTCTGATGGTAGCA | GTGGTGAACTCAGTGTAG
Ctsb AAGGAAGATAAGCACTAT | TAAGTCAAGAAGTCAGAA
Tnfaipé | GTGTGGTGGTGTCTTTAC | TGGTTGTCGTCATACTCA
Lum AACATTCCTGATGAGTAT | TCATTAACGGTTGGTATA

Note: Italics represent gene names.

develop color. Antibodies: mouse anti-f-actin monoclonal antibody (1:4000, TA-09, Zhongsui Jingiao, China), Bgn
(1:2000, 16409-1-AP, proteintech, China), Serpinel (1:2000, bs-1704R, Bioss, China), Ctsb (1:2000, bs-1500R, Bioss,
China), Tnfaip6 (1:1000, 13321-1-AP, proteintech, China), Lum (1:1000, 10677-1-AP, proteintech, China), Goat Anti
Mouse IgG -HRP (1:4000, M21001L, Abmart, Shanghai, China), Goat Anti Rabbit IgG-HRP (1:4000, M21002L,
Abmart, Shanghai, China).

Statistical Analysis

Data are expressed as mean + standard deviation of at least 3 sets of parallel independent experiments. Statistical analysis
of variance was assessed using one-way ANOVA and Tukey post hoc tests. Statistical significance was indicated as * p<
0.05, ** p< 0.01, *** p< 0.001. Statistical Product and Service Solutions (SPSS, v 23.0, IBM, USA) for statistical
analysis. Origin (v 2021, OriginLab Corporation, USA) for visualization.

Results
Successful Construction of a KOA Model and Initial Investigation of Arthritis in Each

Group of Rats After Four weeks of Treatment

After modeling the SD rats, we monitored their body weights over four successive weeks. Moreover, the Al of the rats in
each group at week four was evaluated. Our findings indicated a progressive increase in body weights across all groups,
with intergroup differences remaining below 10.7 g at that time (Figure 1B). Furthermore, the Al observed in the other
three groups significantly surpassed that of the Sham group by week four (week 0 of treatment), confirming the
effectiveness of our modeling (Figure 1D). Subsequently, we administered CKA-L to the Treatment group and NSAID
piroxicam to the Piroxicam group. Post-treatment results revealed that the weight gain trend in the Sham group exceeded
that of the other three groups (Figure 1C). A comparative analysis indicated a decrease in Al for the Treatment group
relative to the Model group, although this difference lacked statistical significance. Conversely, the Piroxicam group
demonstrated a noteworthy reduction in Al compared to the Model group. Within-group comparisons revealed
a significant decrease in Al for the Treatment group by week four, while the Piroxicam group showed significant
reductions beginning at week three (Figure 1D). Subsequently, we assessed the osteoarthritic status using Safranin O—
Fast Green staining and quantified the changes with the OARSI scoring system.*® The results showed that the OARSI
score was significantly higher in the model group (Figure 1E). These results suggest that both CKA-L and piroxicam
treatments effectively lower Al in rats with degenerative KOA, although CKA-L appears to exhibit a slower response
than piroxicam.

Both CKA-L and Piroxicam Effectively Treat KOA

After 4 weeks of treatment in SD rats, we utilized X-ray imaging to assess the knee joints across all groups. The findings
revealed a significant gap between the femur and tibia in the Model group, characterized by low bone density, absent
articular cartilage, and an irregular surface. In contrast, the knee joints of rats receiving CKA-L and piroxicam treatments
exhibited a reduced gap, enhanced bone density, and evidence of tissue or cartilage regeneration in areas previously
lacking cartilage (Figure 2A). Subsequently, we quantified the levels of IL-1p and TNF-a across the groups. The results
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Figure 2 Study of chondrogenesis and cytokines in CKA-L treatment. (A) X-ray analysis of knee joint repair. (B and C) ELISA analysis of IL-13 (B) and TNF-a (C) contents.
(D) HE (upsides) and toluidine blue (downside) (cartilage matrix blue-violet or purple) staining to observe the cartilage condition; Scar bar: 2500 um. Data are expressed as
mean + SD of four parallel independent experiments. Statistical significance was indicated as ** p< 0.01, *** p< 0.001.

indicated a marked increase in these inflammatory cytokines in the Model group, which significantly decreased following
CKA-L and piroxicam treatment (Figure 2B and C). Notably, TNF-a levels exhibited a more pronounced reduction in the
CKA-L treatment group compared to the piroxicam group (p=0.047) (Figure 2C). These findings suggest that CKA-L
presents a promising therapeutic option for KOA. Furthermore, we employed staining to evaluate chondrocyte damage.
HE and toluidine blue staining revealed intact and smooth cartilage in the Sham group, with chondrocytes evenly
distributed. However, the Model group displayed irregular knee joint tissue, decreased chondrocyte counts, disorganized
arrangements, and significant articular cartilage loss (Figure 2D). Post-treatment, KOA rats exhibited considerable repair
in knee joint integrity, with an increase in chondrocytes organized in a single column (Figure 2D). These results reinforce
that both CKA-L and piroxicam serve as effective treatments for KOA.

Gene Expression Analysis and Identification of DEGs

To further investigate the mechanism underlying CKA-L’s efficacy in treating KOA, we conducted high-throughput
transcriptome sequencing (GSE308025) on 12 samples (comprising Sham, model, and treatment groups, each with four
replicates). The transcriptome analysis generated 79.76 G of CleanData, achieving Q30 base scores between 94.54% and
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95.18%, with an average GC content of 50.72%. The gene expression level distribution across samples is depicted in
Figure 3A, indicating sufficient data quality for comprehensive analysis. Principal Component Analysis (PCA) accounted
for 71.32% of the variance, demonstrating genetic divergence between the treatment group and the other groups,
excluding the model2. On the secondary factor (15.54%), the treatment4 and the Sham group samples clustered in the
upper half of the plot, while the remaining samples fell in the lower half (Figure 3B). Furthermore, we identified 3363
DEGs in the Treatment vs Model group, with 1108 up-regulated and 2255 down-regulated (Figure 3C). The Treatment vs
Sham group identified 5704 DEGs, 2886 up-regulated and 2818 down-regulated (Figure 3D). The Model vs Sham group
identified 422 DEGs, 175 up-regulated and 247 down-regulated (Figure 3E).

GO and KEGG Enrichment Analysis of DEGs

Subsequently, the DEGs were further analyzed for GO and KEGG enrichment. The GO enrichment results were
categorized into three components: biological process (BP), cellular component (CC), and molecular function (MF).
For each group, we selected the top ten most significant entries in each category for visualization. In the BP category,
both Model vs Sham and Treatment vs Model groups exhibited varying degrees of enrichment in DNA metabolic process

Gene expression distribution

A s B

Irc;\llm-ml.
Group
« Sham
@« Model
@ Treatment

40

—~ sham2
—
= 20 .
. °
E S sham4
= z
E{D Group g
2 &3 Sham ~
5 = ]l\_/lodel I
3| Treatment 0 shaml treatment4e®
. liam3
\.
Ld
— — modell
‘ treatment®»
5 model2 o
ol '“.‘"k” o ¢ treatment]
SO E — &
o“\ iy &N &". SZ’\\ b& bé‘: &\) & &zQ & & 20 model3
T LT LT ST ST ST TS 25
FFFFFe&ee > > :

0
PC1 (55.78%)

( Model vs Sham D Treatment vs Model E Treatment vs Sham
up 2886 . up 2255 -~ up 175
down 2818 w0 down 1108 . down 247
Te
o%
. ° ~
100 ‘:‘.;. .
.
..‘ .
20 o
Y \. 5

1.301

-log,, (padj)

1.301

-log,, (padj)

1.301

-22 -1

-11 24

log, Fold Change

-1 -101 1

log, Fold Change

Figure 3 Gene expression levels and differential gene analysis of CKA-L treatment. (A) Analysis of gene expression levels of FPKM box line plot. (B) Principal Component
Analysis plot. (C-E) DEGs volcano plots of Model vs Sham group (C), Treatment vs Model group (D), and Treatment vs Sham group (E) (genes with non-significant
differences in blue, significantly up-regulated differential genes in red and significantly down-regulated differential genes in green).

5898

https:

Journal of Pain Research 2025:18



Huang et al

(GO:0006259), DNA replication related process (GO:0006260, GO:0006270, GO:0006261), and movement of cell or
subcellular component (GO:0006928) (Figure 4A). Additionally, the Treatment vs Model group showed enrichment in
terms related to chromosome organization (GO:0051276), microtubule-based movement and process (GO:0007018 and
0007017), response to stress (GO:0006950), and system development (GO:0048731) (Figure 4A). Regarding CC, DEGs
in both Model vs Sham and Treatment vs Model groups were differentially enriched in terms such as chromosomal part
(GO:0044427), chromosome (GO:0005694), chromosome, centromeric region (GO:0000775), DNA packaging complex
(GO:0044815), kinetochore (GO:0000776), nucleosome (GO:0000786), and protein-DNA complex (G0O:0032993)
(Figure 4B). Moreover, DEGs in the Treatment vs Model and Treatment vs Sham groups were enriched in the
extracellular region (GO:0005576), while the Model vs Sham group had greater enrichment in the extracellular matrix
(GO: 0031012) (Figure 4B). In the MF category, DEGs in both Model vs Sham and Treatment vs Model groups were
enriched in cysteine-type endopeptidase inhibitor activity (GO:0004869) and motor activity (GO:0003774) (Figure 4C).
Additionally, DEGs in both Treatment vs Model and Treatment vs Sham groups were enriched in calcium ion binding
(GO:0005509) term (Figure 4C).

For KEGG enrichment analysis, we created a bubble map to illustrate the top 20 signaling pathways enriched by
DEGs across the three comparison groups (Figure 4D-F). Notably, nine pathways were common among the top 20 for
both Model vs Sham and Treatment vs Model groups. These pathways included Cell cycle (rno04110), Complement and
coagulation cascades (rno04610), DNA replication (rno03030), ECM-receptor interaction (rno04512), Hematopoietic cell
lineage (rno04640), Malaria (rno05144), Protein digestion and absorption (rno04974), Systemic lupus erythematosus
(ro05322) and Viral protein interaction with cytokine and cytokine receptor (rno04061). Moreover, the Model vs Sham
and Treatment vs Sham groups were both enriched in the Hypertrophic cardiomyopathy pathway (rno05410).

The enrichment analysis of DEGs in the Treatment vs Model group, combined with prior analyses, revealed significant
findings. In BP, the terms related to DNA metabolic process, DNA replication, DNA-dependent DNA replication, and DNA
replication initiation terms were up-regulated. In CC, terms such as chromosome, chromosomal part, chromosome, centro-
meric region, kinetochore, DNA packaging complex, nucleosome, and protein-DNA complex also showed up-regulated. In
MF, terms indicating cysteine-type endopeptidase inhibitor activity were up-regulated, while motor activity terms decreased
(Figure 5A and B). The KEGG enrichment analysis indicated that pathways related to the Cell cycle, DNA replication,
Hematopoietic cell lineage, and Systemic lupus erythematosus pathways were up-regulated. Conversely, Malaria, ECM-
receptor interaction, Complement and coagulation cascades, Protein digestion and absorption, and Viral protein interaction
with cytokine and cytokine receptor pathways were down-regulated (Figure 5C and D).

PPl Analysis and Identification, Validation of Hub Genes

To identify hub genes for CKA-L treatment, we performed a PPI analysis on the proteins encoded by DEGs across the
three groups. The interaction network revealed a strong correlation among the proteins Serpinel, Bgn, Mmp12, Tnfaip6,
Cdkn2, Lum, and Ctsb (Figure 6A). Two Cluster were obtained by Cytoscape’s MCODE plug-in. Cluster 1 comprised
proteins from 9 genes and achieved a score of 5.25 (Figure 6B). Cluster 2 included proteins from 6 genes with a score of
4 (Figure 6C). After comprehensive screening, five hub genes stood out: Bgn, Ctsb, Lum, Serpinel, and Tnfaip6.
Subsequently, RT-qPCR was used to further evaluate the mRNA expression of these hub genes. The RT-qPCR indicated
that all five hub genes exhibited elevated expression in the Model group relative to the Sham group. Post CKA-L
treatment, except for Bgn, the mRNAs from the other four hub genes demonstrated reduced expression (Figure 6D—H).
These findings aligned with high-throughput sequencing results, confirming the reliability of our transcriptome data. We
then employed Western blot analysis to corroborate the protein expression of these genes. The results showed that the
protein expression and mRNA expression levels of the five hub genes were consistent (Figure 61-N).

Discussion

Degenerative KOA represents a prevalent chronic condition. While it is non-lethal, the pain and physical limitations it
causes significantly hinder daily living.*’” Currently, available treatments have significant side effects or cannot be used in
the long term. Moreover, it is crucial to acknowledge the substantial financial burden associated with KOA management.
CKA-L emerges as a significant therapeutic approach within TCM, with evidence indicating its cost-effectiveness, which
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in the Treatment vs Model group. (C and D) KEGG enrichment analysis of up-regulated (C) and down-regulated (D) DEGs in the Treatment vs Model group.

greatly enhances the superiority of CKA-L as a treatment for KOA.?**** Piroxicam is an effective therapeutic drug for
KOA."® Our investigation revealed that although the AI of piroxicam was significantly lower than that of CKA-L in the
early stages, after a 4-week treatment period, the Al of both CKA-L and piroxicam decreased significantly. Moreover,
analyses via X-ray, HE, and toluidine blue staining confirmed that both CKA-L and piroxicam effectively promote
chondrocyte regeneration. These results suggest that CKA-L treatment, although slower than piroxicam, is an effective
treatment for KOA. Additionally, existing literature suggests that CKA-L has minimal side effects (the main symptoms
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5902  hees Journal of Pain Research 2025:18



Huang et al

are local bleeding, ecchymosis and transient pain),>’***° highlighting its potential as a favorable economic and
prognostic solution for KOA treatment. Furthermore, inflammation plays a pivotal role in the onset and progression of
KOA.*® Among the pro-inflammatory cytokines, TNF-a and IL-1p stand out as significant contributors to the disease
process.”’ In this study, we demonstrated that CKA-L effectively reduced the levels of these cytokines, aligning with
findings from previous research.’? Notably, the results in this study indicated that the Treatment group exceeded the
Piroxicam group in reducing TNF-a levels. Previous studies have extensively used acupuncture for the treatment of
KOA, yielding favorable outcomes.?® *° However, these studies often involved a large selection of acupoints, typically
choosing 6 to 8 from a pool of over a dozen, or employing between 8 to more than 10 different acupoints for
treatment.”®*' 3% In contrast, the CKA-L approach selects only the Weizhong, Heding, and inner and outer Xiyan
acupoints for intervention, demonstrating notable efficacy. This strategy highlights advantages such as fewer selected
points, ease of application, and significant therapeutic results.

Afterward, to further elucidate the underlying mechanisms of CKA-L’s action on KOA, we conducted high-
throughput transcriptome sequencing analysis on the Sham, Model, and Treatment groups. The results showed that
DEGs in the Treatment group were enriched in the extracellular region whereas those in the Model group were more
enriched in the extracellular matrix. This finding implies that the extracellular matrix may be critical to CKA-L’s positive
therapeutic effects on KOA. Further analyzed in the Treatment vs Model group from the up-regulated and down-
regulated DGEs. The results of GO enrichment analysis found that the DNA metabolic process, DNA replication, and the
entry cysteine-type endopeptidase inhibitor activity terms were up-regulated. From the results of KEGG enrichment
analysis, the Cell cycle and DNA replication pathways were up-regulated. Studies strong associations between DNA
damage repair mechanisms>> and chondrocyte senescence™® in the progression of KOA. Our findings align with this,
revealing that DEGs cluster within pathways related to DNA repair and the cell cycle. Furthermore, we observed that
these DEGs exhibit significant enrichment in molecular pathways inhibiting cysteine-type endopeptidases, which are
linked to chondrocyte apoptosis.”> >’ These results suggest that CKA-L may facilitate KOA treatment by enhancing
DNA repair, restraining cysteine-type endopeptidases, and promoting cell cycle dynamics to stimulate chondrocyte
regeneration. Subsequent PPI analysis identified five hub genes including Bgn, Ctsb, Lum, Serpinel, and Tnfaip6. Bgn
(Biglycan) encodes a protein-rich glycoprotein macromolecular complex.’® Notably, Bgn promotes osteoblast differen-
tiation through TLR3-dependent signaling® and serves as a key factor in myocyte differentiation and skeletal muscle
regeneration.®® Reduced sequestration of Bgn in the extracellular matrix promotes chondrogenesis via TGF-p1.°" Crsb
(Cathepsin B) is a lysosomal cysteine protease whose primary functions are associated with immunity and
inflammation.®* Moreover, Ctsb participates in IL-1p-induced chondrocyte damage.®® Lum (Lumican) is a small-
molecule proteoglycan rich in leucine. Research indicates that Lum participates in TLR4-induced cartilage degradation
and proinflammatory activation.®* Serpinel (Serpin Family E Member 1), encoding plasminogen activator inhibitor-1
(PAI-1), primarily participates in regulating the coagulation-fibrinolysis balance, extracellular matrix (ECM) degradation,
and inflammatory responses.®> Furthermore, Serpinel is associated with cartilage destruction.®®®” Tnfaip6 (TNF-a
induced protein 6) encodes TSG-6, belongs to the hyaluronan-binding protein family and participates in the stabilization
and remodeling of the ECM.®® Besides, Tnfaip6 impairs the assembly of hyaluronan aggregation proteins.*®®’ These
studies indicate that Ctsb, Lum, Serpinel, and Tnfaip6 are associated with inflammation and inflammation-induced bone
injury and inhibition of bone healing. Conversely, Bgn is linked to bone and muscle repair and regeneration. This
effectively explains the reduction in mRNA and protein expression of the four pivotal genes—excluding Bgn—following
CKA-L treatment. CKA-L may suppress inflammation and bone damage by downregulating Ctsb, Lum, Serpinel, and
Tnfaip6, while promoting repair and regeneration of knee cartilage and muscle by upregulating Bgn.

In summary, our study illustrates that CKA-L is a promising therapeutic approach for KOA, potentially through
mechanisms such as enhanced DNA repair, cell cycle promotion, and cysteine-type endopeptidase inhibition, aiding
chondrocyte regeneration. It is essential to recognize that our mechanism analyses stem from bioinformatics evaluations,
necessitating further empirical investigations. Furthermore, it is important to note that the sample size in this study is
small, necessitating further research and validation with larger cohorts. Although our study is based on a mouse model, it
is essential to conduct mechanism studies in cell models and explore additional clinical applications. Additional research
to clarify the mechanism of CKA-L will help integrate it with complementary approaches such as dietary therapy, thereby
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enhancing its therapeutic efficacy. Nonetheless, these findings provide valuable theoretical insights that support the
application of CKA-L as a cost-effective and low-risk treatment for KOA.

Conclusion

This study confirms CKA-L as an effective intervention for degenerative KOA, based on Al assessments, X-ray imaging,
histological evaluations, and pro-inflammatory cytokine quantification. Transcriptomic analysis reinforces CKA-L’s
positive role in KOA management by promoting DNA repair, inhibiting cysteine-type endopeptidases, and fostering
chondrocyte growth through cell cycle enhancement. Additionally, five hub genes, Bgn, Ctsb, Lum, Serpinel, and
Tnfaip6, were identified. The findings in this study provide an effective, low-cost, low-risk treatment pathway for
KOA. Meanwhile, this study provides theoretical support for the treatment of KOA with CKA-L.
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