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Expression of Piezo mRNA is unaffected
in a rat model of knee osteoarthritis

Ryo Ikeda , Daigo Arimura, and Mitsuru Saito

Abstract

Osteoarthritis of the knee impairs activities of daily living of those affected. Its irreversible degenerative changes to the knee

joint induce functional disturbance and unpleasant arthralgia. The pain has inflammatory components and often is manifested

with mechanical allodynia and hyperalgesia. Sustained weight bearing and joint movements increase pain sensitivity in knee

osteoarthritis. Understanding the mechanisms underlying the mechanical allodynia and hyperalgesia might provide a ther-

apeutical target for pain relief in patients with such symptoms. Piezo channel is a mechanically activated ion channel that may

be involved in mechanical transduction in the articular cartilage. Although it has been shown that inflammation potentiates

Piezo channel current induced by mechanical stimulation, whether Piezo expression levels are influenced by knee osteoar-

thritis has remained unknown. We measured Piezo mRNA in knee joints and dorsal root ganglia after establishing a model of

knee osteoarthritis in rats using monosodium iodoacetate and found Piezo mRNA level is not upregulated. This finding raises

a question as whether and how Piezo channels may be involved in mechanically induced pain in osteoarthritis.
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Osteoarthritis of the knee impairs activities of daily

living of those affected, especially the elderly.1 The prin-

cipal pathology of knee osteoarthritis is irreversible

degenerative change of the articular cartilage, subchon-

dral bone, and soft tissue in joint components.1

Functional disturbance of the knee joint occurs by

joint instability and capsular stiffness, which leads to

increased mechanical loading stress and generates

arthralgia.2 Sustained weight bearing and joint move-

ments increase pain accompanied by inflammation in

the chronic phase of knee osteoarthritis. This promotes

negative emotions and reduces the quality of life of those

affected.3

Piezo channels (Piezo1 and Piezo2) have been identi-

fied in vertebrates as mechanically activated ion chan-

nels that sense mechanical stimuli such as blood flow,

light touch, and proprioception.4–7 Inflammation poten-

tiates Piezo2 currents induced by mechanical stimuli in

dorsal root ganglion (DRG) neurons.8 Piezo1 and

Piezo2 may transduce information about injurious

mechanical stress to chondrocytes in articular cartilage.9

Joint instability and arthralgia are increased as a result
of knee osteoarthritis because of disrupted load-
buffering systems such as cartilage and meniscus.
However, it is currently unknown whether levels of
Piezo mRNA expression are affected by knee osteoar-
thritis to cause mechanical allodynia and hyperalgesia.
To address this issue, we measured Piezo mRNA in tis-
sues of the knee joint and DRG after establishing a
model of knee osteoarthritis in rats.

The rodent model of knee osteoarthritis was pro-
duced by intra-articular injections of monosodium
iodoacetate. It is reliable and reproducible to induce
degenerative changes of the knee joint as a result of
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chondrocyte necrosis by inhibition of glycolysis.10 The
histological changes in the model are reported to mimic
human knee osteoarthritis, in which decreased thickness
of cartilage exposes the subchondral bone.11

Male Sprague Dawley rats aged 6 weeks were used.
Animal care and use conformed to the guidelines of the
International Association for the Study of Pain and the
Guiding Principles for the Care and Use of Animals in
the Field of Physiological Sciences of the Physiological
Society of Japan. Experimental protocols were approved
by the Animal Experiment Committee at the Jikei
University School of Medicine. Rats were anesthetized
with 1.5%–2% isoflurane in 100% O2. To induce oste-
oarthritis, the left knee of each rat was injected intra-
articularly with a single dose of 3 mg monosodium
iodoacetate (Sigma-Aldrich) in 50 mL of physiological
saline through the infrapatellar ligament using a 27
gauge needle (MIA group: n¼ 6). For control group,
the left knees of rats were injected with 50 mL of phys-
iological saline alone (saline group: n¼ 6). The right
knee of every rat was not treated. All rats were housed
in cages in an environmentally controlled room (temper-
ature: around 25�C, humidity: around 50%). Body
weight was measured throughout experiments and we
noted no significant difference between groups
(P¼ 0.22; two-way ANOVA). Development of arthritis
was evaluated by caliper measurement of anterior–pos-
terior and medial–lateral knee length (AP length and
ML length, respectively). These values were acquired
the day before injection (measured at day 0 after injec-
tion) and at 1, 3, 7, 14, 21, or 28 days after injection.
MIA generated joint swelling of the ipsilateral knee
(left), but not the contralateral knee (right) from day 1
to 28 days after injection (Figure 1(a) top and middle
panels). On the other hand, saline alone did not cause
joint swelling of the bilateral knee at any evaluation day
after injection (Figure 1(a) top and middle panels).

Next, we examined behavioral signs of mechanical
hypersensitivity and gait analysis that might result
from arthralgia of the knee. Mechanical sensitivity was
quantified by measuring paw withdrawal thresholds
(PWTs). The PWT to mechanical stimuli was deter-
mined using calibrated von Frey filaments of different
rigidities (0.4–15.0 g) as described previously.12 A 50%
threshold was estimated according to an up and down
method.13 The PWT of the left knee of rats in the MIA
group decreased significantly compared with the right
knee of rats in the MIA group, the left knee of rats in
the saline group, or the right knee of rats in the saline
group between day 1 after injection to the final exami-
nation (Figure 1(a) bottom panel).

Knee osteoarthritis can lead to limping because of the
pain and instability of the joint. Gait was analyzed using
the CatWalk system (Noldus Information Technology,
Wageningen, Netherlands) described in detail

elsewhere.14 Treated and control rats were placed on a
glass plate located in a dark room and allowed to walk
freely. When each paw touches the glass plate, light
beams are reflected downwards (Figure 1(b)). The
entire run image was recorded 3 times with a video
camera installed below the glass plate. Acquired data
were compressed and analyzed using CatWalk software.
We normalized two ipsilateral hind paw values with con-
tralateral hind paw values. One of the parameters is
print area (surface area of the complete print) and the
other is swing speed (speed of the paw during swing:
stride length/swing time) on the day before and after
injection. Consistent with recent reports, the area of
ground contact on the affected side decreased from 21
days after injection, and significant limping appeared 28
days after injection (Figure 1(c)).15,16 This measurement
might correspond with pain assessments in patients with
knee osteoarthritis.

Finally, to detect Piezo mRNA expression in the tis-
sues related to knee osteoarthritis, we applied quantita-
tive RT-PCR. Bilateral anterior cruciate ligament
(ACL), femoral subchondral bone (Bone), articular car-
tilage of medial compartment (Cartilage), and L3-4
dorsal root ganglion (DRG) innervating the knee joint
were obtained from rats of each group under 2%–3%
isoflurane anesthesia on the day after the final behavior-
al test. ACL, Bone, and Cartilage were selected as target
tissues because they play a critical role in propriocep-
tion, pain sensation, and modulation of mechanical
loading in the knee joint, respectively.17–19 Resected tis-
sues were placed into microtubes that contained TRIzol
Reagent (Thermo Fisher Scientific, Cat. No 15596018)
and stored at –20�C. Extracted RNA was used for com-
plementary DNA synthesis with PrimeScript RT Master
Mix kit (TaKaRa, catalog No. RR036A). The total
RNA of each sample was reverse transcribed with Fast
SYBR Green Master Mix (Thermo Fisher Scientific, cat-
alog No. 4385612) according to the manufacturer’s
instructions, under the following thermal cycler condi-
tions: 15 min at 37�C, 5 s at 85�C, and held at 4�C using
an ABI Step One Plus apparatus (version 2.1; Thermo
Fisher Scientific). The reference gene chosen was
glyceraldehyde-3-phosphate dehydrogenase (GAPDH):
forward GGCACAGTCAAGGCTGAGAATG, and
reverse ATGGTGGTGAAGACGCCAGTA. Piezo pri-
mers were designed as described previously:6 Piezo1 for-
ward ACAGGTCGCCTGCTTCGTGC, reverse TGCC
ACCAGCACTCCCAGGT; Piezo2 forward TTCGG
AAGTGGTGTGCGGGC, and reverse GTAAGCGG
GTGCGATGCGGT. Each sample was run in sets of
three technical replicates, then averaged values were nor-
malized by GAPDH.

We detected Piezo1 mRNA in ACL, Bone, Cartilage,
and DRG. Normalized expression levels of Piezo1
mRNA were not significantly different between left
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Figure 1. Piezo mRNA expression level in the rat model of osteoarthritis. (a) Summary of the knee joint changes and mechanical
sensitivity in the model of osteoarthritis induced by injection of monosodium iodoacetate (MIA). Top and middle panels show anterior–
posterior (AP) and medial–lateral (ML) length of the knee joint during the development of arthritis, respectively. The lowest panel shows a
summary of paw withdrawal threshold in the rat model of osteoarthritis. Filled and open circles indicate the responses ipsilateral (left) to
MIA and saline injection, respectively. Filled and open squares indicate the response contralateral (right) to MIA and saline injection,
respectively. The values before injection were measured at day 0 after injection. Mean values� standard error of the mean (SEM).
*P< 0.05; **P< 0.01; ***P< 0.001 ****P< 0.0001 vs. saline left and non-injected knees (two-way ANOVA followed by a Bonferroni post
hoc test). (b) Analysis of gait of rats treated to produce a model of osteoarthritis. This panel shows the print view of each paw, which was
captured by CatWalk system. RH, LH, RF, and LF indicate right hind, left hind, right front, and left front, respectively. Stand (RH) and Swing
(RH) show the duration in contact and no contact of a right hind paw on the glass plate, respectively. (c) Gait analysis was obtained by
comparing values for the hind paw (LH) ipsilateral to the treatment to normalized values for the hind paw (RH) contralateral to the
treatment. Top and bottom panel shows the ratio of print area and swing speed at each examination day. Filled and open circles indicate
rats from the MIA- and saline-treated groups, respectively. Mean values� SEM. *P< 0.05 vs. saline treated group (two-way ANOVA
followed by a Bonferroni post hoc test). (d) Normalized expression levels of Piezo1 and Piezo2 mRNA were measured by quantitative
polymerase chain reaction from the anterior cruciate ligament (ACL), subchondral bone (Bone), articular cartilage of medial compartment
(Cartilage), and L3-4 dorsal root ganglia (DRG). Black and grey bars indicate Piezo expression levels ipsilateral (left) and contralateral
(right) to MIA injection, respectively. Light grey and white bars indicate Piezo expression levels ipsilateral (left) and contralateral (right) to
saline injection, respectively. Mean� SEM. NS indicates no significant difference between groups (one-way ANOVA followed by a
Bonferroni post hoc test).
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and right knees in either the MIA or saline groups

(Figure 1(d) top panels). Piezo2 mRNA was detected

in the same target tissues as Piezo1 mRNA. In compar-

ison with the saline left and non-injected right knees,

normalized expression levels of Piezo2 mRNA in the

MIA left knee were not changed significantly (Figure 1

(d) bottom panels).
Our results in the present study show knee osteoar-

thritis did not affect the expression levels of Piezo1 or

Piezo2 mRNA. However, recent paper reported that the

density of Piezo2 nerve endings increased in osteoarthrit-

ic subchondral bone, which is related to pain in knee

osteoarthritis.15 Synergistic action of Piezo1 and Piezo2

expression on chondrocytes is related to high strain-

induced Ca2þ influx, and apoptotic cell death induced

by Piezo1 mechanotransduction is suppressed through

urocortin1 chondroprotection.9,20 Moreover, inflamma-

tory mediator bradykinin increased Piezo2 currents

through protein kinase A and protein kinase C.8 Cell

swelling, which is induced by pathological conditions

such as tissue inflammation and chemical treatment,

enhances Piezo2 currents reversibly via increase of

static plasma membrane tension.21 These previous find-

ings suggest that Piezo channel functions may be poten-

tiated without changes of the level of mRNA expression

in knee osteoarthritis. Alternatively, Piezo channels may

not be involved in the development of mechanical allo-

dynia and hyperalgesia in knee osteoarthritis. Further

studies will need to be performed to test these

possibilities.
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