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Abstract
Acupuncture is an emerging alternative therapy that has been beneficial for the pain of

osteoarthritis (OA). However, the underlying mechanism of protective effect remains

unclear. MCP1/CCR2 axis can be stimulated in various periods of OA, and we hypothesize

that acupuncture may treat OA by regulating the MCP1/CCR2 axis. This study aimed to

explore the effect of acupuncture at points ST35 and ST36 on the effects of hyperalgesia

and cartilage in OA rats including the expression of chemokines, nerve growth factor (NGF),

and inflammatory-related proteins. OA was induced in male Sprague–Dawley rats by ante-

rior cruciate ligament transection at the right knee. The first acupuncture intervention was

performed on the seventh day after surgery and once a day for seven weeks. The knee-

pain-related behaviors, histology, and related protein were examined in this study. We have

found that electroacupuncture at ST35 and ST36 can significantly alleviate the hyperalgesia

and cartilage degeneration as well as reducing nerve sprouting in OA knee joint. Moreover,

acupuncture treatment may inhibit the MCP1/CCR2 axis as well as down-regulate inflaming factor and NGF in cartilage and

synovial tissue. The data presented here indicate that acupuncture exerts a protective effect against hyperalgesia and cartilage

degeneration, and the mechanism might involve in chemokines and NGF pathway.
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Introduction

Osteoarthritis (OA) is characterized by degeneration of
articular cartilage and subchondral bone accompanied
by joint pain, swelling, and stiffness and often leads to
joint dysfunction.1,2 Although OA is not regarded as an
inflammatory primary disease, it is often presented with
low-grade synovitis and enhanced levels of inflammatory
cytokines in synovial fluid.3 Chronic inflammation in
which the innate immune systems involved is critical path-
ogenesis of OA.4 As a lack of innervation in cartilage
tissue,5 the pain of OA is mainly sensed by sensory nerve

fibers distributed in synovial membrane. Therefore, degen-
eration of cartilage can be uncoupled from joint hyperalge-
sia which mostly comes from the inflammation in
synovia.6,7 In addition to structural defects and inflamma-
tion, some evidence suggested that approximately 30% of
patients with OA have neuropathic pain.8,9

Physical approaches, exercise, and oral anti-
inflammatory drugs are recommended to treat knee osteo-
arthritis (KOA) in the recent guideline.10 However, to date,
oral anti-inflammatory drugs such as non-steroidal anti-
inflammatory drugs and opioids11 are hard to prevent,
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slow, or halt OA structural changes. The development of
therapies to block inflammation, neuropathy, and pain is
sorely needed.

Chemokines is a subset of cytokines that induce the
recruitment and trafficking of inflammatory cells and mes-
enchymal progenitors.12 Many chemokines are found
within the OA joint and might facilitate the onset and pro-
gression of OA. Chemokines may induce the release of
matrix-degrading enzymes,13 driving and maintaining leu-
kocyte infiltration,14 and promote fibroblast-like synovio-
cytes (FLS) interleukin (IL)-6 production15 and monocyte
adhesion16 to cause synovial reactions and joint destruc-
tion. MCP-1 (also known as CCL2) is a chemokine highly
increased in cartilage, synovium, and synovial fluids from
OA patients.14 The MCP1/CCR2 axis, which is considered
to play a vital role in KOA, acts as pro-mediators in inflam-
mation pain and can activate the recruitment of monocytes
and macrophages which secrete inflammatory cytokines
and nerve growth factors (NGFs) to aggravate OA progres-
sion.4,17,18 The effects that down-regulation of the MCP1/
CCR2 axis can protect OA knee joint from hyperalgesia
have been confirmed in recent research,3 but the mecha-
nism underlying is not completely understood. The recent
research found that the role of MCP1/CCR2 axis can be
more important than CCL5/CCR5 axis in the monocyte
recruitment, inflammation, and cartilage destruction in
OA. So, MCP-1/CCR2 axis can be a potential therapeutic
target capable of reducing both pain and structural
changes.4

Acupuncture has been used for preventing and treating
various diseases for centuries.19 It has been validated in
reducing the pain intensity of OA patients20 and down-
regulating inflammatory cytokines such as tumor necrosis
factor-a (TNF-a) and IL-1b in inflammation lesions21,22 and
MCP123 because of its potential role in modulating several
endogenous biological mediators. Despite being mature
technology, the exact analgesia mechanism of acupuncture
is still unclear. In our study, we used an experimental OA
model induced to causing destabilization of the joint
mechanics (anterior cruciate ligament transection [ACLT])
and intend to explore the possible molecular mechanism of
acupuncture improvement in OA.

Materials and methods

Ethics statement

All animal experiments were performed following the
Chinese Guidelines of Animal Care and Welfare, and the
present study was approved by the Animal Care and Use
Committee of Hubei University of Chinese medicine
(Wuhan, China).

Animals and treatment

Fifty-five male eight-week-old Sprague–Dawley rats
weighing 180 to 220 g (8weeks old) were housed under a
reversed 12-h light–dark cycle with temperature and
humidity (24� 2�C and 50� 5%) controlled, and food and
water were freely available. After seven days of adaptive
feeding, five rats were prepared for retrograde labeling.

The rest 50 rats were randomly divided into five groups:
control group, model group, RS504393 group, manual acu-
puncture (MA) group, and MAþRS504393 group.
Acupuncture was performed into acupoints Dubi (ST35,
2mm deep) and Zusanli (ST36, 5mm deep). ST35 located
at lateral depression between the patella and the patellar
ligament and ST36 located 3u lower than ST35. (The dis-
tance between the knee joint and the external ankle pointed
is 16u in standard acupuncture measurement.) Needles
(0.25mm diameter� 40mm length) were inserted into the
above two acupoints in groups MA and MAþRS504393 at
the seventh day after ACLT modeling. The needles were
manually twisted for 1 min with a frequency of about
2Hz and then left still for four minutes. This pattern is
repeated for six times (30min) during the manipulation
session. Rats in RS504393 and MAþRS504393 group
received articular injection of 25 lL RS504393 (Abcam) at
a concentration of 50 ng/mL using a 27-gauge, 0.5-inch
needle.24 The first injection was given on the seventh day
after ACLT surgery and once a week for sevenweeks. Rats
in control and model groups did not receive any interven-
tion. The right knee was experimental, while the left knee
was treated as a control with articular injection of 25 mL
physiological saline. The experimental timeline was
shown in Figure 1.

Induction of OA in rats

The KOA model was induced via ACLT method. A 2-cm-
long medial longitudinal incision at the right knee joint was
taken under general anesthesia by pentobarbital sodium,
the joint capsule was opened, medial ligament was
exposed, and a lateral dislocation of the knee caused. The
anterior cruciate ligament was cut off. To prevent postop-
erative infection, antibiotics (1.0–1.3mg/cefotiam hydro-
chloride) were used for three days. All rats were
sacrificed eightweeks after surgery.

Motor test

Open-field tests were performed on rats in each group to
test spontaneous locomotor activity for each group. Rats
were acclimated to the test apparatus for 30min before
the test. The experiment rats were placed at the center of
a 1� 1� 0.5m chamber and allowed to free exploration.
This experiment began the day before sacrificed. Average
velocity, total travel distance, and rest duration in 10min
were recorded by camera and measured by a computer.

Pain threshold test

The thermal withdrawal latency (TWL) and mechanical
withdrawal threshold (MWT) were evaluated by the von
Frey test (Stoelting, Wood Dale, IL) and a thermal Plantar
Test (Ugo Basile, Italy), respectively. After acclimated to the
test apparatus for 30min, rats received a gradually
increased perpendicular pressure at the plantar surface of
the hind paw. The corresponding pressure value was
recorded while withdrawing the paw . For testing the ther-
mal hyperalgesia, a focused beam of radiant heat (up to
35�C) was irradiated to the plantar surface of the hind
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paws for more than three times and held for maximal 20 s.
The imposed value was recorded when the paw withdraw-
ing. Results of the mechanical pain threshold test were
expressed in grams (g/F) and duration (s) for the thermal
hyperalgesia test.

Western blot

The rat tissue was lysed in RIPA buffer (Beyotime, Haimen,
China), and protein concentrations were measured using
the BCA protein assay kit (Beyotime, Haimen, China).
Protein samples were separated on an 8% SDS-PAGE gel
and then transferred onto polyvinylidene fluoride mem-
branes (Merck Millipore, Billerica, MA). After blocking
with 5% BSA for 2 h at room temperature, the membranes
were incubated overnight at 4�C with primary antibodies
anti-MCP1 (1.33 mg/mL, Proteintech) and anti-CCR2 (1mg/
mL, Aviva). Finally, the membranes were hybridized with
horseradish peroxidase-conjugated secondary antibodies.
After incubation of the membranes with enhanced chemi-
luminescence reagent (Millipore), the protein band images
were collected and analyzed by Molecular Image,
ChemiDoc XRS Image System (Bio-Rad Laboratories). The
density value was counted by scanning with Image Lab
software, GADPH as internal marker, namely, target pro-
tein gray value/internal reference overall gray value.

Histology, immunofluorescence labeling, and
histological analysis

Rats were euthanized with CO2 and perfused from the
heart with saline and followed by 4% paraformaldehyde.
Cartilage was harvested, postfixed 24 h in 4% paraformal-
dehyde, and then demineralized in 10% EDTA for four
weeks followed by specimens’ dehydration and

embedding in paraffin. Longitudinal-oriented sections
(4mm) of the knee joint were cut on a paraffin microtome
(Finesse 325, Thermo) and processed Safranin O and fast
green staining.

L3–L5 dorsal root ganglions (DRGs) and synovia were
harvested, postfixed 6 h in 4% paraformaldehyde, and
dehydrated in 30% sucrose at 4�C. After the tissue sink to
the bottom of the vessel, transverse DRG, cartilage, and
synovia sections (cartilage for fluorescence staining and
synovia in PGP9.5 staining was 40mm, others were 10 mm)
were cut on a freezing microtome (CM1860, Leica). Primary
antibodies used were anti-PGP9.5 (10 mg/mL, Abcam),
anti-NGF (10 mg/mL, Abcam), anti-MCP1 (13.3 mg/mL,
Proteintech), anti-CCR2 (10 mg/mL, Aviva), anti-IL-1b
(20mg/mL, Abcam), and anti-TrkA (5 mg/mL, Abcam).
Methods of immunofluorescence labeling were applied.
After blocking with 10% goat serum for 30min at room
temperature, sections were incubated with primary anti-
bodies in the immunofluorescent antibody dilution buffer
(Beyotime, China) for 12 h at 4�C. Sections were then incu-
bated with Alexa Fluor 488 and Alexa Fluor 594 secondary
antibodies (10mg/mL, Abcam) for 2 h at room temperature.
Nucleus were then stained by mounting medium with
DAPI (Abcam) and observed with a fluorescence micro-
scope (AX10, Carl Zeiss).

Five sections were taken from each group to observe the
changes in the density of nerve sprouting in the knee joint,
and images were analyzed with Image J software. The
observation was located at synovium adjacent to the
medial meniscus where the nerve sprouting consistently
appeared. Three images per section were acquired in
medial synovium and analyzed for quantitative histomor-
phometric analyses. PGP9.5þ nerve fibers were calculated
as the density of nerve fibers are divided by the total area

Figure 1. Fifty eight-week-old Sprague–Dawley rats received an ACLT surgery to build KOA model after seven days of adaptive feeding. Then, experimental groups

underwent following treatments: acupuncture, RS504393, and combination of acupunctureþRS504393 sevendays after the surgery, and the mechanical pain was

tested once every seven days. After sevenweeks of intervention, all rats received behavioral tests (open field test and thermal pain test) and then sacrificed. Cartilage

and synovium from right knee joint and DRGs from L3-5 were collected to conduct histology test and molecular biology experiment (immunofluorescence labeling and

Western blot). DRG: dorsal root ganglion; ACLT: anterior cruciate ligament transection. (A color version of this figure is available in the online journal.)
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examined (mm2/mm2). All sections were analyzed in three
different fields. For fluorescence intensity measurement,
values from rats were measured, and the results were pre-
sented in arbitrary units. Positive cells were determined as
the percentage of total counted DRG neurons and chondro-
cyte from an average of three fields in each slide using
Image J. Immunostained images obtained at 400� magnifi-
cation (n¼ 5 per group) were used for histomorphometric
analyses. A negative control replaced the primary antibody
by phosphate-buffered saline was included for each immu-
nostaining experiment.

For histological analysis, one representative slice was
chosen from each knee and evaluated. The histopathologi-
cal changes were quantified by the Osteoarthritis Research
Society International (OARSI) scoring system.23,25 The
grade and stage score were assessed by the microscopic
pathological changes, and the OARSI score is calculated
by the formula: score¼ grade� stage. The OARSI score
ranges from 0 to 24, with higher values indicating more
advanced cartilage degeneration.

Statistical analysis

All data were expressed as mean� SD and analyzed by the
software GraphPad Prism version 8.0 for Windows
(GraphPad Software, USA). One-way and two-way analy-
sis of variance (ANOVA) were used for statistical compar-
isons between the different groups. Bonferroni’s post hoc
tests were used for multiple comparisons. P< 0.05 was con-
sidered to be statistically significant.

Results

MA protects rats from cartilage degeneration and
hyperalgesia

We firstly tested histopathological changes (Figure 2(a)),
gross microscopy (Figure 2(b)), and histopathology grading
(Figure 2(c)) in the knee joint of rats after surgery. The
results indicated that rats in groups MA and MAþ
RS504393 showed obvious cartilage protective effect, but
rats treated with RS504393 did not show a significant dif-
ference in cartilage pathological change while compared
with rats in group model (P> 0.05). There was no signifi-
cant difference among rats in groups RS504393, MA, and
MAþRS504393 (P> 0.05). Following this, we performed a
mechanical pain test and thermal pain test (Figure 2(d) and
(e)). We detected the paw withdrawal threshold of mechan-
ical and thermal stimulation of the plantar to evaluate the
degree of central and thermal hypersensitization pain. In
the mechanical pain test, we found that the pain threshold
in group model was significantly lower than the normal
value from the third week after surgery (P< 0.05). And
from the fifth week, the pain threshold of the treatment
group was significantly higher than that of the model
group (P< 0.05), but there was no significant difference
between the treatment groups (P> 0.05).

We then detected spontaneous activity of rats by open
field test 1 day before sacrifice (Figure 2(f) to (h)). We select-
ed total distance, average speed, and rest duration of rats to
assess the mobility, and the motion trail was also recorded

(Supplementary Figure 1). The results indicated that the
pain thresholds and spontaneous activity reduced signifi-
cantly in rats after ACLT (P< 0.05) while compared with
rats in control group. The pain thresholds reduce apparent-
ly (P< 0.05) in rats of MA group and inhibitor group while
compared with rats in model group. Neither paw with-
drawal threshold test nor spontaneous activity test
showed significant differences among rats in groups MA,
inhibitor, and MAþinhibitor.

These results showed that both MA and RS504393 can
protect rats from hyperpathia from eightweeks after ACLT,
but only MA showed a certain resistance effect to cartilage
degeneration.

MA reduced knee joint hyperalgesia by the decreased
density of synovial membrane knee joint nerves
through the NGF signal pathway

Sensory nerve sprouting in OA synovium played a vital
role in local hyperalgesia. We observed nerve density
(Figure 3(a)) by immunofluorescence staining with
PGP9.5 antibody and found that rats in model group
were significantly higher than normal rats in PGP9.5-
positive structure (P< 0.01), and MA and RS504393 treat-
ment can reduce density of PGP9.5-positive structure
(P< 0.05) while compared to rats in model group, but the
effects of MAþRS504393 did not exhibit better efficacy than
MA (P> 0.05) (Figure 3(b)).

NGF is an important factor that can stimulate neuronal
sprouting and highly expressed in OA knee joint.26 We
investigated the expression level of NGF in the synovium
(Figure 3(a)). The results suggested that NGF was up-
regulated in synovia of all rats after surgery (P< 0.05).
Compared with group model, the expression of NGF in
groups MA, RS504393, and MAþRS504393 were reduced,
and the difference was statistically significant (P< 0.05).
There was no statistically significant difference among
groups MA, RS504393, and MAþRS504393 (P> 0.05)
(Figure 3(c)). Taken together, both MA and RS504393
could decrease the expression of NGF to reduce neuronal
sprouting to alleviate hyperalgesia in OA knee joint. But
consistent with the results of PGP9.5 staining,
MAþRS504393 did not show a better therapeutic effect.

MA regulate NGF through MCP1/CCR2 axis

MCP1/CCR2 axis is an important pathway for chemokines
in the development of OA.4 Similar to the function of NGF
chemotactic neurons, MCP1 can induce aggregation of
monocytes and macrophages, and these inflammatory
cells may be a major source of NGF in OA knee.18 We
applied RS504393 to inhibit CCR2 seven days after ACLT
for once a week until sacrificed and observed the expres-
sion of MCP1 and CCR2 in cartilage and synovia (Figure 4
(a) to (c)). We found that CCR2-positive cells existed at both
normal and treated groups, and the expression level did not
increase apparently in development of OA (Figure 4(f) and
(g), P > 0.05).

The expression of MCP1 increased in all rats eightweeks
after surgery (P< 0.01). The expression level of MCP1
deceased in rats of groups MA, RS504393, and
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MAþRS504393 (P< 0.01), and there was no significant dif-
ference between groups MA andMAþRS504393. We inves-
tigated the co-expression of CCR2/MCP1, and the trend
was consistent with the expression of MCP1 (Figure 4(d)
and (e)). The results suggested that the effects of MA to
reduce NGF in the OA knee joint are related to CCR2/
MCP1 pathway.

MA reduces production of inflammatory
cytokines in OA

Pro-inflammatory cytokines secreted by inflammatory cells
promote the progression of OA. IL-1b can stimulateMCP1/
CCR2 axis and promote secretion of NGF in cartilage and
synovium.18,27 To assess the effects of MA with pro-
inflammatory cytokines, we gathered whole knee joint at
eightweeks after surgery and examined the expression
level of IL-1b and TNF-a both in cartilage and synovium

(Figure 5(a)). The same as the results in chemotactic factor,
the expression level of IL-1b and TNF-a was greatly elevat-
ed in the joints of rats at eightweeks after surgery (P< 0.01).
Both MA and RS504393 can protect cartilage and synovia
from inflammatory injury (P< 0.05), but there were no sig-
nificant differences in the joints of MA-, RS504393-, and
MAþRS504393-treated rats (P> 0.05) (Figure 5(b) to (e)).

MA inhibits NGF/TrkA axis in DRG neurons

In addition to pain caused by local factors, central sensiti-
zation is also one of the factors causing OA hyperalgesia
and related to NGF retrograde transmission.28 To confirm
this mechanism, we collected isolated ipsilateral L3-5 DRGs
and preformed immunofluorescence staining.
Supplementary Figure 4(a) shows the NGF and TrkA
levels in DRGs. We used NeuN (a neuron-specific
marker) to display neuron cells, and it was obvious that

Figure 2. Both MA and RS504393 can induce hyperalgesia in osteoarthritis, but only MA can protect rats from cartilage degeneration. OA was induced by surgery in

eight-week-old Sprague–Dawley rats. All knee joints were harvested at eightweeks after surgery. (a) Histological assessment was shown by Safranin-O fast green

staining (40�, each group: n¼ 10, Scale bar¼ 200 lm, ANOVA). (b) Macroscopic view of articular cartilage damage surface. (c) OARSI scoring system was used to

quantify the severity of cartilage damage (each group: n¼ 10, ANOVA). (d and e) MWT was tested by Von Frey filament at every seven days after ACLT, and TWL was

tested after last treating (each group: n¼ 10, two-way ANOVA for MWT and one-way ANOVA for TWL). (f to h) The open-field experiment was used to test spontaneous

activity of rats in each group. Total distance, average speed, and rest duration were recorded of activity of rats in a bright free field in 10 min (each group: n¼ 10,

ANOVA). All values were expressed as the mean�SD. *P<0.05, **P< 0.01: compared with control group and #P< 0.05, ##P< 0.01: compared with model group.

Bonferroni’s post hoc tests was used for multiple comparisons. NS: no significant; OARSI: Osteoarthritis Research Society International. (A color version of this figure is

available in the online journal.)
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NGF/TrkA axis was activated in DRG neurons strikingly.
The expression levels of both NGF and TrkA were greatly
increased in rats after ACLT (P< 0.01). This activation effect
was decreased in groups MA, RS504393, and
MAþRS504393 (P< 0.05) which was consistent with our
expectation. But, there was no significant difference
among the above three treating groups. MAþRS504393
did not exhibit a better effect on inhibiting NGF/TrkA
axis in DRGs (P> 0.05) (Supplementary Figure 4(b) and
(c)). The results were consistent with mechanical pain test
and spontaneous activity and indicated that NGF/TrkA
pathway stimulated in the progression of OA can be inhib-
ited by MA and RS504393.

Discussion

OA is the most common joint disorder in a large number of
people older than 65 years. KOA is more commonly asso-
ciated with disability than OA of the other joints. In this
study, we choose ACLT model to mimic features of human
KOA. ACLT can cause an instability in knee joint to induce
chronic KOA. Previous studies have found that pathologi-
cal changes such as inflammatory synovitis,29 synovial
pannus-like tissue,30 changes of proteoglycan content and
collagen structure, cartilage erosions,31 late osteophytosis,
subchondral bone remodelling, and chondrocytic apopto-
sis32 with caspase 3 activation33 and OA relevant pain34 can

appear after ACLT. Thus, this model can simulate the path-
ophysiological process of chronic KOA and reinforcing the
clinical relevance of our experimental approach.

Despite the effect of acupuncture treatment on OA is
often attributed to placebo effects, the mechanism has not
been fully understood. Previous research suggested that
acupuncture showed an obvious effect on analgesia and
cartilage protection.35,36 Our results from experimental
OA rats provided a new explanation on the mechanism
of acupuncture in treating OA, and the reduced hyperalge-
sia was related to inhibition of MCP1/CCR2 pathway. We
considered that stimulated MCP1/CCR2 axis might up-
regulate NGF/TrkA axis which plays an important role in
OA pain and take effects through increasing sensory nerve
density. Our research also suggested that MA therapy at
ST35 and ST36 can inhibit MCP1/CCR2 axis which medi-
ates monocytes/macrophage chemotaxis and reduce
expression of NGF in cartilage, synovial tissues, and
DRGs to reduce hyperalgesia of experimental OA in rats
apparently. Understanding the effect of acupuncture and
chemotaxis to neuronal signaling pathways may provide
new evidence for clinical treatment of pain-related symp-
toms in OA.

Monocytes and macrophage are the main participants
involved in inflammation reaction and resident in various
organizations. Cartilage injury can activate resident macro-
phages and augment expression of MCP1 in knee

Figure 3. Both MA and RS504393 can reduce expression of NGF and density of PGP9.5 positive structure in synovia of rats per group. (a) Representative images of

immunofluorescence staining for PGP9.5 and NGF in synovia of rats in each group. PGP9.5 and NGF positive structure was shown by immunohistochemical green. (b)

Quantitative analysis of PGP9.5 positive nerve fibers (each group: n¼ 5, ANOVA). (c) Quantitative analysis of NGF expression level in synovium (each group: n¼ 5,

ANOVA). Scale bar¼ 20 lm. Values are mean�SD. *P< 0.05, **P< 0.01: compared with control group. #P< 0.05, ##P< 0.01: compared with model group.

Bonferroni’s post hoc tests were used for multiple comparisons. NS: no significant; FI: fluorescence intensity; NGF: nerve growth factor. (A color version of this figure is

available in the online journal.)
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joint tissue in OA.37,38 MCP1/CCR2 axis is an important
monocyte chemotaxis signaling pathway that promotes
inflammatory response and mediating peripheral nerve
injury-induced neuropathic pain. In this experiment, we
found MCP1 was significantly increased in articular carti-
lage, synovial tissue response to cartilage injury, but CCR2
was not apparently regulated which was consistent with
the previous report.38,39

Inflammatory factors which highly expressed in macro-
phages such as IL-1b can promote local inflammation and
induced hyperalgesia in knee joint.40 We found that MA
and RS504393 could reduce the expression of IL-1b in OA
synovial tissue significantly. Hence, the macrophage may
be involved in hyperalgesia suppression effects. But, only
MA can protect cartilage from degeneration, indicating that
MA may protect cartilage through other pathways.

The effect that inhibition of the MCP1/CCR2 pathway
on cartilage protection is indefinite. Positive results
reported by Raghu et al. suggested that CCR2 inhibitor
could reduce synovitis and osteophyte formation

significantly with an obvious protective effect on OA carti-
lage,4 but a study on CCR2 null mice showed that there was
only a slight trend toward cartilage protection at 12, 16, and
20weeks.3 Similarly, Longobardi et al. found that targeting
the MCP1/CCR2 axis at early OA delayed OA progres-
sion.37 We windowed CCR2 blockage and MA from 4 to
8 weeks post-surgery, and results suggested that only MA
could diminish cartilage damage significantly. The protec-
tive effect of MA did not affected by RS504393.

There is no doubt that the NGF/TrkA axis plays an
important role in OA pain. Anti-NGF treatment shows an
encouraging efficacy of relieving OA pain, but adverse
effects appeared in the clinical trial that the NGF antibody
has the risk of aggravating cartilage degeneration.26 The
relationship between NGF and cartilage destruction is
still unclear. NGF binding to TrkA located at plasma mem-
brane of axon and form neurotrophin dimer which trans-
ported into cell through endocytosis. Then, NGF/TrkA
dimer associated with signaling molecules are retrograde
transported to the soma to regulate growth and

Figure 4. Both MA and RS504393 can reduce expression of MCP1 and co-expression of MCP1/CCR2. (a) Representative images of immunofluorescence staining for

MCP1 (green) and CCR2 (red) in synovia and cartilage. White arrows indicated the co-localization of MCP1 and CCR2. (b and c) The protein levels of MCP1 and CCR2

were analyzed by Western blot. (d and e) Quantitative analysis of MCP1 and CCR2 co-expression in both cartilage and synovia (each group: n¼ 5, ANOVA). (f and g)

Quantitative analysis of expression level of MCP1 and CCR2 in cartilage and synovia. Scale bar¼ 20 lm. Values are mean�SD. *P< 0.05, **P< 0.01: compared with

group control. #P< 0.05, ##P<0.01: compared with group model. Bonferroni’s post hoc tests were used for multiple comparisons. NS: no significant; . (A color version

of this figure is available in the online journal.)
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differentiation of nerve cells.41 Inhibition of NGF signaling
pathways in cartilage and synovia results in reduced NGF
retrograde to DRGs in OA mice.42 Our results showed that
NGF expressed in healthy synovia, which indicated that
NGF/TrkA axis may involve in synovia homeostasis. Rats
treated with CCR2 inhibitor showed lower pain thresholds
and higher spontaneous activity which related to NGF sup-
pression in synovia. The origin of NGF in OA tissues has
been controversial. Recent research found that depleted
synovial macrophages could reduce NGF expression in
synovia.40 Our results also showed that NGF was highly
expressed in synovial tissue, and inhibition of macrophage
chemotaxis could reduce NGF expression in the synovium.
The results indicated that macrophage in synovia may play
an important role in the production of NGF.

The mechanism of acupuncture analgesia is considered
relative to nervous system. MA can activate all types of

afferent fibers via inserting the needle into the acupoint
and twisting of the needle up and down by hand, and
diverse signal molecules participate in this process.43

We performed a retrograde neural tracer labeling
(Supplementary Figure 2) and studied the expression of
NGF and TrkA in DRGs after CCR2 inhibitor injected and
MA treatment. The results showed that both MA and
RS504393 injection decreased the expression of NGF
and TrkA in DRGs. Therefore, acupuncture therapy at
ST35 and ST36 inhibit NGF retrograding in DRGs.

There are several limitations in our study. Firstly, we
found that the inhibition of macrophage chemokines
could reduce NGF expression in the synovium and
deduced that macrophages in synovia may play an impor-
tant role in the production of NGF. But, we did not do the
double-labeling immunofluorescence of NGF and marker
of macrophage to provide direct evidence. Secondly, the

Figure 5. Both MA and RS504393 can reduce expression of IL-1b and TNF-a in cartilage and synovia. (a) Immunofluorescence staining images for IL-1b and TNF-a
(green) in cartilage and synovia. (b and c) Quantitative analysis of IL-1b positive cells counting in cartilage and fluorescence intensity in synovia (each group: n¼ 5,

ANOVA). (d and e) Quantitative analysis of TNF-a positive cells counting in cartilage and fluorescence intensity in synovia (each group: n¼ 5, ANOVA). Statistical

analysis: one-way ANOVA with Bonferroni’s post hoc tests (n¼ 5). Scale bar¼ 20 lm in synovia images. Values are mean�SD. *P< 0.05, **P<0.01: compared with

the control group. #P< 0.05, ##P< 0.01: compared with the model group. Bonferroni’s post hoc tests were used for multiple comparisons. NS: no significant; IL-1b:
interleukin-1b; TNF-a: tumor necrosis factor-a; FI: fluorescence intensity. (A color version of this figure is available in the online journal.)
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subchondral bone is reported to play a vital role in the
pathogenesis of OA and is commonly associated with artic-
ular cartilage defects.44 The sensory nerve fibers can inner-
vate subchondral bone and is important in skeletal pain
transmission.45 But, in this study, we only examined
changes in cartilage and synovium. Further research is
needed to conduct on subchondral bone.

In summary, we show that MCP1/CCR2 pathway is
associated with NGF/TrkA axis. Acupuncture can inhibit
the MCP1/CCR2 axis and reduce the NGF expression. The
HE staining showed the pathological changes of cartilage
(Supplementary figure 3). This may be a new analgesic
mechanism for acupuncture analgesia in OA.
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