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Associations of serum leptin levels with intra-articular
inflammatory cytokine levels in acute arthritic and
nonarthritic knees of mice
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Abstract : Background : The roles of serum leptin in knee joint inflammation are unclear. The objective of this
study was to identify any associations of serum leptin level with intra-articular inflammatory cytokine levels in
acute arthritic and nonarthritic knees of mice. Methods : Acute arthritis was induced by intra-articular injection
of 2% carrageenan. Three groups (leptin-deficient ob/ob, wild-type (WT) and high-fat diet (HFD)-fed WT) were
made. Serum leptin and inflammatory cytokines in the infrapatellar fat pad and synovium were measured before
and 24 hr after injection. Affected knee joints were excised for histology 24 hr after injection. Results : The HFD-
WT group had significantly higher serum leptin than the ob/ob and WT groups before and after carrageenan in-
jection. The HFD-WT group had significantly higher IL-1p and IL-6 in the infrapatellar fat pad and synovium than
ob/ob and WT before injection but significantly lower IL-1p, IL-6 and TNF-o than the ob/ob group at 24 hr. Conclu-
sions : Hyperleptinemia induced by a HFD is involved in low-grade intra-articular inflammation in nonarthritic
knee joints. In contrast, leptin deficiency causes excessive intra-articular inflammation in carrageenan-induced
acute arthritis. Leptin alleviates acute arthritis, while chronic hyperleptinemia is involved in low-grade inflam-

mation in normal knee joints. J. Med. Invest. 70:54-59, February, 2023
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INTRODUCTION

Leptin is an adipokine that is produced mainly in white
adipose tissue, and it regulates food intake and energy expen-
diture at the hypothalamic level (1). Circulating leptin levels
are correlated with the degree of obesity and act as a signal
for the hypothalamus to inhibit food intake and to stimulate
energy expenditure (1). Leptin has a critical role not only in
the regulation of metabolic processes but also in the control of
immune homeostasis and inflammation (2, 3). Elevated levels
of circulating leptin in obese patients contribute significantly
to a low-grade inflammatory state (4). In patients with chronic
inflammatory arthritic diseases such as rheumatoid arthritis
(RA) and osteoarthritis (OA), serum leptin levels are higher
than those in healthy controls (5, 6). For these reasons, leptin
has been regarded as a proinflammatory cytokine. However, a
recent animal study reported that hyperleptinemia suppressed
the IL-6 response and the progression of joint inflammation in
a mouse model of collagen antibody-induced arthritis, which
suggests that leptin works as an anti-inflammatory cytokine (7,
8). At the present moment, the potential roles of serum leptin in
inflammation are unclear, and no study has reported the effects
of leptin deficiency and hyperleptinemia on the inflammatory
response in acute arthritis.

Carrageenan-induced arthritis is a commonly used model
in multiple different animal types, including rodents, to mimic
acute inflammatory arthritis. Intra-articular injection of 2% car-
rageenan into rat knee joints produces synovitis and pain behav-
ior (9). The objective of this study was to identify any associations
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of serum leptin level with intra-articular inflammatory cytokine
levels in acute arthritic and nonarthritic knees of mice. Specif-
ically, we evaluated the association of serum leptin level with
interleukin (IL)-1p, IL-6 and tumor necrosis factor (TNF)-a in
the infrapatellar fat pad and synovium. Additionally, knee joint
histology and pain-related behaviors were evaluated. We hypoth-
esized that leptin suppressed the intra-articular inflammatory
cytokine levels in acute arthritic knees of mice.

MATERIALS AND METHODS

Mice and arthritis induction

Male 7-week-old wild-type (WT) mice (C57BL/6J Ham Slc-
ob/ob +/+) and leptin-deficient ob/ob mice (C57BL/6J Ham
Sle-ob/ob) were purchased from Japan SLC and were housed in
the Kochi Medical School Vivarium. Mice were kept on a 14-hour
light/10-hour dark cycle with unlimited access to food and water
for the duration of this study. Three groups (leptin-deficient
ob/ob, WT and HFD (high-fat diet)-WT groups) were made. The
ob/ob and WT groups were fed a control diet (12% kcal from
fat ; CA-1, CLEA Japan), while the HFD-WT group was fed a
high-fat diet (60% kcal from fat ; HFD-60, Oriental Yeast). To
induce acute arthritis, mice were injected with 20 ul of 2% car-
rageenan using a 27 G needle with a Hamilton syringe inserted
through the patellar ligament into the intra-articular space of
the right knee under anesthesia with 2—3% isoflurane.

Experimental protocol

After giving the ob/ob and WT groups the control diet and
the HFD-WT group the high-fat diet for 6 weeks, all mice were
injected with 20 pl of 2% carrageenan. Serum leptin levels were
evaluated before injection in all groups and 24 hr after injection
in the WT and HFD-WT groups (n=6 per group). After evalua-
tion at 24 hr, mice were euthanized, and the affected-side infra-
patellar fat pads and synovium were resected for inflammatory
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cytokine measurement (n=12 in each group before injection and
n=15 in each group 24 hr after injection). The affected knee
joints were excised for histology (n=5 in each group). Pain-re-
lated behavior tests were performed before and 3 hr and 24 hr
after injection. All experiments were approved by the Animal
Care and Use Committee of authors’ institutions (Approval
number ; L00069).

Measurement of leptin and inflammatory cytokine

Serum levels of leptin were measured with a commercially
available ELISA kit (Morinaga Institute of Biological Science,
Kanagawa, Japan) according to the manufacturer’s instructions.
The blood samples were taken by cardiac puncture.

For quantitative analysis of IL-1p, IL-6 and TNF-q, total
RNA from the affected-side infrapatellar fat pad and synovium
was extracted with RNAiso Plus (Takara Bio, Kusatsu, Japan)
and Pure Link RNA Mini Kit (Invitrogen, Carlsbad, CA, USA)
according to the manufacturer’s instructions. cDNA was then
synthesized by using a ReverTra Ace qPCR RT Kit (Toyobo,
Osaka, Japan). Quantitative real-time PCR was performed by
using designed primer pairs (Perfect Real Time Support Sys-
tem ; Takara Bio, Kusatsu, Japan) in Supplementary Table 1.
SYBR Premix Ex Taq II was used for amplification according to
the manufacturer’s instructions in a Step One Plus Real Time
PCR system (Applied Biosystems Japan, Tokyo, Japan). These
samples were assessed by combining 3 pieces of fat pad into one
sample because the infrapatellar fat pad and synovium of mice
are too small to assess with one piece. mRNA levels were deter-
mined relative to those of HPRT.

Histological synovitis evaluation of knee joint

Right knee joints were excised and fixed in 10% formaldehyde,
decalcified by 13% formic acid in phosphate-buffered water for 7
days and embedded in paraffin. Five-micrometer-thick sagittal
sections of medial weight-bearing regions were cut and stained
with hematoxylin and eosin (H&E). The severity of synovial
inflammation was evaluated according to the synovitis scoring
system for synovial hyperplasia (from 0 = the synovial lining
cells form one layer to 3 = more than 5 layers) and inflamma-
tory cell infiltration in the synovial stroma (from 0 =normal to
3 = greatly increased cellularity with possible pannus formation
and granulomas) (10). The synovitis score was the sum of the
synovial hyperplasia and inflammatory cell infiltration scores
(maximum score 6).

Pain-related behaviors tests

The mechanical sensitivity of the paw was examined using
von Frey filaments (11). Mice were placed inside a Plexiglas cage
on an elevated mesh steel platform and acclimated. Von Frey
filaments of varying bending forces (2.0, 1.4, 1.0, 0.6, 0.4, 0.16,
0.07, 0.04, 0.02, 0.008 x g) were applied to the plantar surface
of the affected side paw. The minimum bending force to induce
leg withdrawal was recorded three times. The median of these
values was recorded as the mechanical threshold of the paw.

Spontaneous nociceptive behavior was examined using the
foot stance score (12). Mice were placed in individual chambers
and recorded on a digital camera for 5 min. The recordings
were scored using a modified rating scale previously described
for rats : 0 =no visible impairment of gait or stance, foot firmly
placed flat on the surface with normal spread of toes ; 1 = moder-
ate impairment of stance, foot placed on the ground but with toes
tightly contracted together ; 2 = severe impairment of gait and
stance, foot either entirely off the ground or only the lateral part
of the foot very lightly touching the ground, toes tightly pulled
together.

Statistical analysis

Statistical analysis was carried out using IBM SPSS statistics
version 26 (IBM, Armonk, NY, USA). All data in each group
show a normal distribution, therefore two-way ANOVA tests
were performed to compare body weight and pain-related be-
haviors, and one-way ANOVA tests were performed to compare
serum leptin and inflammatory cytokine mRNA levels between
the ob/ob, WT and HFD-WT groups. Tukey’s honestly signif-
icant difference test was used for comparison when ANOVA
detected significant differences. Pearson’s r was used for Cor-
relation analysis between serum leptin and cytokines. A p-value
of <0.05 was considered statistically significant.

RESULTS
Body weight

Before carrageenan injection, the ob/ob group had a signifi-
cantly heavier weight than the WT and HFD-WT groups, and
the HFD-WT group had a significantly heavier weight than
the WT group. The mean body weights (95% confidence inter-
val (CI)) (g) of the ob/ob, WT and HFD-WT groups were 48.8
(44.0-53.4), 28.0 (26.8—29.1) and 35.2 (32.9-37.5), respectively.

Leptin and inflammatory cytokine

Serum leptin was mostly not detected in the ob/ob group
before carrageenan injection (Figure 1). Serum leptin level in
the HFD-WT group was significantly higher than that in the
WT group before carrageenan injection, and the levels were
not changed by carrageenan injection (Figure 1). The HFD-WT
group had significantly higher gene expression of IL-1f and
IL-6 in the infrapatellar fat pad and synovium than the ob/ob
and WT groups before carrageenan injection. The expression of
IL-1p and I1.-6 were significantly positive associated with serum
leptin (IL-1p ; Pearson’s r =0.82, p = 0.001, IL-6 ; Pearson’s
r=0.82, p=0.002). However, the HFD-WT group had signifi-
cantly lower IL-1p, IL-6 and TNF-a than the ob/ob group at 24

Serum leptin level

(ng/ml)
30— ¥k
Kk
20+ o
10= n [u]
0- _*_2%. $ T T
D) N A N )
OGO
< e & &L &
.\(\\ .\o\ \(\\ .\Q\ .\Q\
\Q{ ’ @ - g é\‘r \Q‘ea 9‘:
© R N
& & ¢ &
[8) QQ Q’
T
Figure 1. Serum leptin level before and after carrageenan injection

Lines represent means and 95% Cls.

**p<0.01 vs. ob/ob (pre-injection), WT (pre-injection) and WT (post-
injection). n = 6 in each group.

WT ; wild-type, HFD ; high-fat diet
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hr after injection. Furthermore, the WT group had significantly
lower IL-1f and IL-6 levels than the ob/ob group at 24 hr after
injection (Figure 2). The expression of IL-1f3 were significant-
ly negative associated with serum leptin (IL-1f ; Pearson’s
r=-0.71, p=0.01)

Histological synovitis evaluation of knee joint

Intra-articular carrageenan injection induced of the synovial
lining cell layer in all groups and increased density of the cells
in the synovial stroma, especially in the ob/ob group compared
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with the HFD-WT group. However, there were no significant dif-
ferences in synovitis score between the three groups (Figure 3).

Pain-related behavior tests

Intra-articular carrageenan injection decreased the mechan-
ical threshold in the right hind paw and induced spontaneous
nociceptor activity in all groups. There were no significant dif-
ferences between the three groups in the von Frey test or stance
score (Figure 4).
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Figure 2. Inflammatory cytokine mRNAs in the infrapatellar fat pad and synovium before and 24 hr after injection

Lines represent means and 95% Cls. n = 15 in each group
One dot indicates the result of 3 mice.

*p<0.05 vs. ob/ob and WT. #p<0.05 vs. ob/ob. ##p<0.01 vs. ob/ob.

WT ; wild-type, HFD ; high-fat diet
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Synovitis score

Figure 3. Histological synovitis evaluation of knee joints

Photographs show enlargement of the synovial lining cell layer in all groups and increased density of the cells in the
synovial stroma, especially in the ob/ob group compared with the HFD-WT group. However, there were no significant
differences in synovitis score between the three groups. Histological phot (D) shows synovitis score 4 (synovial
hyperplasia is 3 points and inflammatory cell infiltration is 1 point). Histological phot (E) shows synovitis score 4
(synovial hyperplasia is 2 points and inflammatory cell infiltration is 2 points). Histological phot (F) shows synovitis
score 2 (synovial hyperplasia is 1 points and inflammatory cell infiltration is 1 point).

Sections of medial weight-bearing regions were stained with hematoxylin and eosin (H&E).

Lines represent means and 95% Cls. n =5 in each group

WT ; wild-type, HFD ; high-fat diet

Scale bars = 200 um
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Figure 4. Pain-related behaviors.

Lines represent means and 95% Cls.

**p<0.01 vs. pre in all groups. n = 12 in each group.
WT ; wild-type, HFD ; high-fat diet
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DISCUSSION

This study is the first to find that leptin deficiency is associat-
ed with the overexpression of inflammatory cytokines in the in-
frapatellar fat pad and synovium in carrageenan-induced acute
arthritis. In contrast, hyperleptinemia induced by a high-fat diet
is associated with an increase in inflammatory cytokines in the
nonarthritic knee joint of obese mice. These results suggest that
leptin works to alleviate intra-articular inflammatory cytokine
in acute arthritis, which is consistent with our hypothesis, but
chronic hyperleptinemia is involved in low-grade inflammation
in nonarthritic knee joints. Appropriate management of serum
leptin levels may be important for the prevention of excessive
intra-articular inflammation.

Leptin has been shown to be involved in inflammation as a
proinflammatory adipokine. Hyperleptinemia is associated with
low-grade systemic inflammation in obese people, and serum
levels of leptin show a positive correlation with proinflammatory
cytokines and a negative correlation with anti-inflammatory
cytokines (13). Leptin can modulate T-cell immune responses
and increase inflammation by enhancing the production of
proinflammatory cytokines (14, 15). We also confirmed that
increased serum leptin induced by a high-fat diet was associated
with increased IL-1f and IL-6 in the infrapatellar fat pad and
synovium in the nonarthritic knees of obese mice.

This study is also the first to show that leptin deficiency
caused overexpression of inflammatory cytokines in the infra-
patellar fat pad and synovium compared with what was seen
in WT and HFD-WT mice with carrageenan-induced acute
arthritis. A previous study reported that septic arthritis caused
decreased leptin levels during infection and that the adminis-
tration of leptin reduced the severity of septic arthritis and the
inflammatory response, as measured by serum IL-6 levels in
mice (16). The study suggested that the decreased production
of IL-6 in response to exogenous leptin is a possible pathway
for leptin’s anti-inflammatory effect (16). In zymosan-induced
arthritis, leptin-deficient mice had delayed resolution of acute
inflammation (17). In our results, there were no significant
differences in inflammatory cytokine responses caused by car-
rageenan injection between WT mice with normal leptin levels
and HFD-WT mice with high leptin levels. However, a previous
study using leptin transgenic mice demonstrated that hyper-
leptinemia suppressed the IL-6 responses and the progression
of joint inflammation caused by collagen antibody compared
with control mice with normal leptin levels (8). A previous study
showed that high-concentration leptin significantly suppressed
IL-6 expression in THP-1 cells, a human monocytic cell line, and
suggested that leptin may play an anti-inflammatory role in hy-
perleptinemia. It is unclear whether hyperleptinemia is needed
for suppression of the inflammatory response, but our results
suggest that leptin deficiency causes an excessive intra-articular
inflammatory response in acute arthritis. Further studies are
needed to elucidate the optimal leptin concentration for con-
trolling inflammation in joints.

Synovial fluid leptin concentrations are associated with joint
pain in patients with hip or knee osteoarthritis (18). A previ-
ous animal study suggested the involvement of leptin in the
pathogenesis of pain at the spinal level and a possible role in the
development of neuropathic pain (19). However, hyperleptinemia
did not influence pain behavior in carrageenan-induced acute
arthritic mice in this study. A mild effect of hyperleptinemia on
pain may have been undetectable because the effect of carra-
geenan on their pain was too strong.

Serum leptin has been regarded as a good predictor of
nutritional status in elderly patients (20). Clinically, our re-
sults suggest that leptin deficiency in malnutrition increases
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susceptibility to excessive inflammatory responses in acute
arthritis. The appropriate management of serum leptin levels by
body weight and nutritional status control may be important for
the prevention of excessive inflammation in acute arthritis. Fur-
thermore, leptin administration may suppress inflammation in
acute arthritis in patients with leptin deficiency. The suppressive
effects of leptin administration on septic arthritis and sepsis on
a background of leptin deficiency have already been reported (16,
21). Our study showed that hyperleptinemia was associated with
intra-articular low-grade inflammation. Intra-articular inflam-
mation is involved in the progression of degenerative diseases
such as osteoarthritis (OA) (22). Therefore, leptin control for
obese patients with hyperleptinemia may be a treatment for OA.

This study has several limitations. First, the influence of met-
abolic disorders such as diabetes mellitus, which are expected
in the ob/ob and HFD-W'T groups, was not measured in this
study. Second, the effects of body weight differences between
groups on our results were not assessed. Body weight in the
ob/ob group was significantly heavier than that in the WT and
HFD-WT groups. However, inflammatory cytokines in the ob/ob
group were similar to those in the WT group in the normal knee.
Therefore, we believe that the effects of body weight differences
played little or no role in the inflammatory response in this
study. Third, in addition to adipose tissue, leptin is produced by
cartilage and other joint tissues in humans, and it can be found
in synovial fluid (5, 23), but the direct contribution of intra-artic-
ular leptin to inflammatory cytokine levels in the infrapatellar
fat pad and synovium was unclear in this study. Future studies
should assess this. Forth, inflammatory cytokines were assessed
only at 24 hr after carrageenan injection in this study. Carra-
geenan significantly increased inflammatory cytokines in syno-
vial lavage fluid at 3 hr after carrageenan injection into rat knee
joints (24) and the cytokines production from macrophages by in-
duced carrageenan were significantly higher at 24 hr in vitro (25).
Therefore, we assessed inflammatory cytokines at 24 hr after
carrageenan injection in this study. Multiple times of assessment
of inflammatory cytokines are needed in the future study.

In conclusion, hyperleptinemia induced by a high-fat diet is
involved in low-grade intra-articular inflammation in nonar-
thritic knee joints. In contrast, leptin deficiency causes excessive
intra-articular inflammation in carrageenan-induced acute
arthritis. Appropriate management of serum leptin levels may
be important for the prevention of excessive intra-articular
inflammation.

CONFLICT OF INTEREST

None of the authors have any conflicts of interest associated
with this study.

AUTHOR CONTRIBUTIONS

K.A. and S.T. had full access to all of the data in the study and
takes responsibility for the integrity of the data and the accuracy
of the data analysis. All author designed the experiments, and
S.T. conducted it. K.A. and S.T. analyzed results and wrote the
manuscript. M.I. directed this study.

REFERENCES

1. Houseknecht KL, Baile CA, Matteri RL, Spurlock ME : The
biology of leptin : a review. J Anim Sci 76(5) : 1405-1420,
1996



10.

11.

12.

13.

14.

The Journal of Medical Investigation Vol. 70 February 2023

Abella V, Scotece M, Conde J, Pino J, Gonzalez-Gay MA,
Goémez-Reino JJ, Mera A, Lago F, Gémez R, Gualillo
O : Leptin in the interplay of inflammation, metabolism and
immune system disorders. Nat Rev Rheumatol 13(2) : 100-
109, 2017

Tian G, Liang JN, Wang ZY, Zhou D : Emerging role of leptin
in rheumatoid arthritis. Clin Exp Immunol177(3) : 557-570,
2014

La Cava A : Proinflammatory activities of leptin in non-au-
toimmune conditions. Inflamm Allergy Drug Targets 1
11(4) : 298-302, 2012

Simopoulou T, Malizos KN, Iliopoulos D, Stefanou N,
Papatheodorou L, Toannou M, Tsezou A : Differential ex-
pression of leptin and leptin’s receptor isoform (Ob-Rb)
mRNA between advanced and minimally affected osteoar-
thritic cartilage ; effect on cartilage metabolism. Osteoar-
thritis Cartilage 15(8) : 872-883, 2007

Rho YH, Solus J, Sokka T, Oeser A, Chung CP, Gebretsadik
T, Shintani A, Pincus T, Stein CM : Adipocytokines are
associated with radiographic joint damage in rheumatoid
arthritis. Arthritis Rheum 60(7) : 1906-1914, 2009
Sugioka Y, Tada M, Okano T, Nakamura H, Koike T : Ac-
quired leptin resistance by high-fat feeding reduces inflam-
mation from collagen antibody-induced arthritis in mice.
Clin Exp Rheumatol 30(5) : 707-713, 2012

Okano T, Koike T, Tada M, Sugioka Y, Mamoto K, Inui
K, Okihana H, Ebihara K, Nakao K, Nakamura H : Hy-
perleptinemia suppresses aggravation of arthritis of col-
lagen-antibody-induced arthritis in mice. J Orthop Sci
20(6) : 1106-1113, 2015

Ashraf S, Mapp PI, Shahtaheri SM, Walsh DA : Effects of
carrageenan induced synovitis on joint damage and pain in
a rat model of knee osteoarthritis. Osteoarthritis Cartilage
26(10) : 1369-1378, 2018

Krenn V, Morawietz L, Burmester GR, Kinne RW,
Mueller-Ladner U, Muller B, Haupl T : Synovitis score : dis-
crimination between chronic low-grade and high-grade
synovitis. Histopathology 49(4) : 358-64, 2006

Deuis JR, Dvorakova LS, Vetter I : Methods Used to Evaluate
Pain Behaviors in Rodents. Front Mol Neurosci 10 : 284, 2017
Heilborn U, Berge OG, Arborelius L, Brodin E : Sponta-
neous nociceptive behaviour in female mice with Freund’s
complete adjuvant- and carrageenan-induced monoarthri-
tis. Brain Res 1143 : 143-149, 2007

Leon-Cabrera S, Solis-Lozano L, Suérez-Alvarez K,
Gonzalez-Chavez A, Béjar YL, Robles-Diaz G, Escobedo
G : Hyperleptinemia is associated with parameters of low-
grade systemic inflammation and metabolic dysfunction in
obese human beings. Front Integr Neurosci 7 : 62, 2013
Otero M, Lago R, Lago F, Casanueva FF, Dieguez

Supplementary Table 1.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

59

C, Gémez-Reino JdJ, Gualillo O : Leptin, from fat to in-
flammation : old questions and new insights. FEBS Lett
579(2) : 295-301, 2005

Bernotiene E, Palmer G, Gabay C : The role of leptin in
innate and adaptive immune responses : Arthritis Res Ther
8(5) : 217, 2006

Hultgren OH, Tarkowski A : Leptin in septic arthritis : de-
creased levels during infection and amelioration of disease
activity upon its administration. Arthritis Res 3(6) : 389-
394, 2001

Bernotiene E, Palmer G, Talabot-Ayer D, Szalay-Quinodoz
I, Aubert ML, Gabay C : Delayed resolution of acute inflam-
mation during zymosan-induced arthritis in leptin-deficient
mice. Arthritis Res Ther 6(3) : R256-263, 2004

Liibbeke A, Finckh A, Puskas GdJ, Suva D, Liadermann
A, Bas S, Fritschy D, Gabay C, Hoffmeyer P : Do synovial
leptin levels correlate with pain in end stage arthritis? Int
Orthop 37(10) : 2071-2079, 2013

Tian Y, Wang S, Ma Y, Lim G, Kim H, Mao J : Leptin
enhances NMDA-induced spinal excitation in rats : A func-
tional link between adipocytokine and neuropathic pain.
Pain 152(6) : 1263-1271, 2011

Amirkalali B, Sharifi F, Fakhrzadeh H, Mirarefein M,
Ghaderpanahi M, Badamchizadeh Z, Larijani B : Low
serum leptin serves as a biomarker of malnutrition in elder-
ly patients. Nutr Res 30(5) : 314-319, 2010

Vallejos A, Olivares P, Varela D, Echeverria C, Cabello-
Verrugio C, Pérez-Leighton C, Simon F : Preventive Leptin
Administration Protects Against Sepsis Through Improv-
ing Hypotension, Tachycardia, Oxidative Stress Burst, Mul-
tiple Organ Dysfunction, and Increasing Survival. Front
Physiol 9: 1800, 2018

Atukorala I, Kwoh CK, Guermazi A, Roemer FW, Boudreau
RM, Hannon MdJ, Hunter DJ : Synovitis in knee osteoar-
thritis : a precursor of disease? Ann Rheum Dis 75(2) : 390-
395, 2016

Dumond H, Presle N, Terlain B, Mainard D, Loeuille D,
Netter P, Pottie P : Evidence for a key role of leptin in osteo-
arthritis. Arthritis Rheum 48(11) : 3118-3129, 2003
Teixeira JM, Bobinski F, Parada CA, Sluka KA, Tambeli
CH : SP2X3 and P2X2/3 receptors play a crucial role in
articular hyperalgesia development through inflammatory
mechanisms in the knee joint experimental synovitis. Mol
Neurobiol 54(8) : 6174-6186, 2017

Lopes AH, Silva RL, Fonseca MD, Gomes FI, Maganin
AG, Ribeiro LS, Marques LMM, Cunha FQ, Alves-Filho
JC, Zamboni DS, Lopes NP, Franklin BS, Gombault A,
Ramalho FS, Quesniaux VFdJ, Couillin I, Ryffel B, Cunha
TM : Molecular basis of carrageenan-induced cytokines pro-
duction in macrophages. Cell Commun Signal 18(1) : 141, 2020

Sequences of primers used in this study.

Primer Sequences [5’ — 3]
INF.o | F:ACTCCAGGCGGTGCCTATGT
R : GTGAGGGTCTGGGCCATAGAA
L1 F: TCCAGGATGAGGACATGAGCAC
1P| R.GAACGTCACACACCAGCAGGTTA
L6 F: CCACTTCACAAGTCGGAGGCTTA
R : CCAGTTTGGTAGCATCCATCATTTC
Leot; F: CCAGGATCAATGACATTTCACACAC
CPUN | R . AGGTCATTGGCTATCTGCAGCAC
gpry | Fi TTGTTGITGGATATGCOCCTTGACTA
R: AGGCAGATGGCCACAGGACTA






