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Abstract

Objective—Through its location on nociceptors, acid sensing ion channel 3 (ASIC3) is activated
by decreases in pH and plays a significant role in musculoskeletal pain. We recently showed that
decreases in pH activate ASIC3 located on fibroblast-like synoviocytes (FLS). Since FLS are key
cells in the inflammatory process we tested if ASIC3-deficient mice with arthritis have altered
inflammation and pain relative to controls.

Methods—Arthritis was induced by injection of a cocktail of anti-type Il collagen antibodies
induced collagen antibodyarthritis (CAIA). Inflammation and pain parameters in ASIC3-/- and
ASIC3+/+ mice were assessed. Disease severity was measured with clinical arthritis scores, joint
diameters, histological analysis of joints, and gPCR for synovial gene expression. Pain behaviors
were measured by examining withdrawal thresholds of the joint and paw and by measuring
physical activity levels in mice. Cell death was assessed with a Live/Dead assay in FLS in
response to decreases in pH.

Results—Surprisingly, ASIC3-/- mice with CAIA demonstrated significantly increased joint
inflammation, joint destruction and expression of IL-6, MMP-3 and MMP-13 in joint tissue
compared to ASIC3+/+ mice. ASIC3+/+ FLS show enhanced cell death when exposed to pH 6.0
in the presence of interleukin-1p that is abolished in ASIC3—/- FLS. Despite enhanced disease
severity, ASIC3-/- mice do not develop mechanical hypersensitivity of the paw and show greater
levels of physical activity.

Conclusion—These data are consistent with the hypothesis that ASIC3 plays a protective role in
inflammatory arthritis conditions by limiting inflammation through enhanced synoviocyte cell
death to reduce disease severity and produce pain to reduce joint use.
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Acid sensing ion channels (ASICs) are activated by decreased extracellular pH and are the
primary acid-sensors in the nervous system. Four genes within mammalian genomes encode
several splice variants including ASIC1a, ASIC1b, ASIC1b2, ASIC2a, ASIC2b, ASIC3, and
ASIC4, which combine as heteromers to form functional ion channels. Of these, ASIC3
plays a significant role in musculoskeletal pain [20;41;43], including inflammatory pain
[21;43;50]. Furthermore, ASIC3 is found in sensory neurons including nociceptors
innervating synovial joints [20] and inflammatory pain models show an increased ASIC
expression and function in sensory neurons [7;12;20;49;50]. Thus, ASICs are critical players
in pain associated with inflammation.

Rheumatoid arthritis (RA) is a chronic inflammatory disease that primarily affects synovial
joints. Innate and adaptive immune responses contribute to the initiation and perpetuation of
disease, and murine models can provide insight into disease mechanisms [11]. Collagen-
antibody induced arthritis (CAIA) in mice bypasses adaptive immunity and permits
evaluation of how innate immune responses contribute to synovitis. We recently identified
ASIC3 in fibroblast-like synoviocytes (FLS) [20;26], which are key cells that produce
inflammatory mediators and contribute to joint damage in RA [18;22;24;34,46]. Cultured
FLS respond to decreased pH by increasing intracellular calcium and this effect is blunted in
FLS from ASIC3-/- mice [26]. Further, neuronal cells show enhanced cell death in
response to decreases in pH that depends on activation of ASICs [23;31;53]. These data
suggest that ASIC3 deficiency might suppress synoviocyte activation in inflammatory
arthritis through increasing synoviocyte cell death.

Based on these data, we hypothesized that decreases in pH that occur in inflammatory
arthritis could produce pain responses and reduce arthritis severity. Low pH could
potentially protect the joint by 1) activating ASIC3 on nociceptors to produce pain and limit
joint movement, and 2) activating ASIC3 in FLS to cause cell death and inhibit the
inflammation.

MATERIALS AND METHODS

Mice

All experiments were approved by the Animal Care and Use Committee at the University of
lowa and the University of San Diego.

These experiments used C57BI/6 mice (ASIC3+/+) and congenic ASIC3-/- mice on a
C57BI/6 background. ASIC3+/+ and ASIC3-/- mice were bred in-house, housed under the
same conditions, but were not littermates. The construction of the ASIC3—/- mice has been
previously described [37]. We have previously compared F2 generation mice to congenic
ASIC3-/- mice for changes in behavior and show no differences between the groups in
animals with inflammation [43].

Induction of arthritis

The CAIA model was induced by injection of 2 mg of anti-Cll (collagen) antibody cocktail
intravenously on Day 0 via the tail. On Day 3, mice were boosted with 25 g
lipopolysaccharide intraperitoneally (LPS 0111:B4) as previously described [17]. We
specifically used a lower dose of the anti-CIl antibody cocktail to enhance the ability to
observe increased inflammation. Animals were then followed for 12—-14 days. Inflammation
and pain-behaviors were measured as outlined below. All inflammation and pain behavior
assessments were done with the experimenter blinded to group.

Arthritis Rheum. Author manuscript; available in PMC 2014 May 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 3

Measures of Inflammation

Clinical arthritis—Arthritis scores were determined using a semiquantitative scale of 0 to
4 for each paw (for a total of 16) and by measuring paw diameter in inches [4;5;27;33].
Acrthritis scores were taken every other day throughout the 12 days of testing in ASIC3+/+
and ASIC3-/- mice. Two separate experiments were performed and pooled for a total of
n=20 for each strain.

Histologic analysis—Ankle joints were removed on day 12, decalcified, paraffin
embedded, cut sagittally, and stained with Safranin-O or H&E. Histological changes
quantified in a blinded manner on a 0 to 4 scale for changes in joint destruction, synovial
thickening, bone erosion or extra-articular inflammation. ‘0’ represents normal and 4
represents severe destruction, thickening, erosion, or inflammation as we previously
published [45]. We compared differences between ASIC3+/+ (n=10) and ASIC3—/- (n=10)
mice.

Inflammatory cytokines and MMPs—Ankles were harvested and skin, muscle and
excess bone was removed by dissection. Joint extracts that included bone, cartilage and
symposium were snap frozen and pulverized. RNA isolation and cDNA synthesis was
followed by quantitative real-time PCR were performed using Assays on Demand (Applied
Biosystems Foster City CA). We applied a standard curve-based method of real-time PCR in
order to control for inter-amplicon amplification efficiency and to normalize for differences
in sample sizes as previously described. [1]. To control for variation in sample cellularity,
expression of the housekeeping gene HPRT1 was measured in separate PCR reactions.
Resulting cycle threshold, Ct, data were normalized to standard curves constructed from
cDNA of stimulated mouse PBMC assayed simultaneously, yielding cell equivalents, CE, of
expression. The ratio between the gene of interest and HPRT1 cell equivalents is reported as
Relative Expression Units, REU.

Pain Behavior Measures

Pain-like behaviors were measured by assessing: 1) withdrawal thresholds of the ankle, 2)
withdrawal thresholds of the paw, and 3) responsiveness of the paw to repeated mechanical
stimuli. Pain-like behaviors were assessed before, 3 days after collagen-antibody injection,
Day 6 or 7, Day 10 (paw only) and Day 12 from ASIC3+/+ (n=8-12) and ASIC3-/- (n=9—
13) mice.

Mechanical sensitivity of the ankle was tested by squeezing the gastrocnemius muscle of the
mice with a calibrated pair of tweezers until the mouse withdrew from the stimulus as
previously described for the knee joint [20;40;50]. The force at which the mouse withdrew
was measured in mN and called the muscle withdrawal threshold. Each hindlimb was tested
3 times, and the 3 trials were averaged. A decrease in force was considered deep tissue
mechanical hyperalgesia.

Withdrawal thresholds of the paw were done using with von Frey filaments as previously
described [2]. The 50% withdrawal threshold was determined by using the Dixon up-down
method. Testing was initiated with a 0.35 g filament in the middle of the series, and the
range of filaments was 0.03 — 1.7 g. Thresholds were calculated noting the stimulus of the
first withdrawal. A decrease in force was interpreted as cutaneous mechanical hyperalgesia.

The number of responses to repeated stimulation of the paw to a standard von Frey filament,
0.4mN was assessed as previously described [30]. The filament was applied 5 times, and 10
trials of 5 were averaged. Animals were given 5 trials and this was repeated 10 times. An

increase in the number of withdrawals was interpreted as secondary cutaneous hyperalgesia.
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Function was assessed by examining physical activity. We measured the amount of time the
animal remains active in a standard mouse cage during 60 min using the Activmeter
(Bioseb, Inc., Vitrolles, Cedex, France). We measured total activity time which includes low
and high speed activities and grooming behavior. We also were able to measure time spent
in low speed activities (1-2 cm/s), high speed activities (=2 cm/s), inactivity, and grooming
behavior, and distance traveled. This allowed us to see if animals voluntarily reduce the
forces applied to their joints by reducing physical activity levels. Measures of function were
assessed before, at peak inflammation on Day 7 and on Day 12 from ASIC3+/+ (n=8) and
ASIC3-/- (n=8) mice.

Cell death analysis in cultured fibroblast-like synoviocytes (FLS)

FLS were isolated from 3 WT and 3 ASIC3-/- mice to generate cell lines according to
previously published methods [38]. FLS were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) with 10% Fetal Bovine Serum (FBS) at 37°C. 20,000 cells/ml were
plated onto coverslips coated with poly-L-lysine and incubated at 37° 5% CO, in DMEM
complete media for 24 hours. Media was then replaced with 1% FBS DMEM for 24 hours
and then incubated at pH 7.4 or pH 6.0 with or without 1ng/ml IL-1p for 24 h.

LIVE/DEAD Assay—Using the LIVE/DEAD Viability/Cytotoxicity kit (Invitrogen,
L-3224, Grand Island, New York), 0.5 mM calcein AM and 0.5 mM ethydium homodimer-1
were used as described by the manufacturer. Stained cells were then mounted on slides with
aqueous CMF1+ mounting media and immediately viewed under a fluorescent Olympus
BX51 microscope with a SPOT camera at the Central Microscopy Core Facility. To ensure
impartial selection, regions with sufficient cells were identified without viewing ethydium
staining. Images of the same region were taken at 400x magnification and merged with
Image J. Each merged image was quantified by counting at least 500 cells and determining
the number of positively stained Live and Dead cells. Data are expressed as the percentage
of dead cells.

Statistical Analysis

RESULTS

Pain-behaviors, physical activity scores, daily arthritis scores, and ankle thickness were
assessed with a repeated measures ANOVA followed by Tukey’s post-hoc test for
differences between groups at each time period. Histology scores and gPCR were analyzed
with a t-test for differences between groups. Cell death assay was analyzed with a one-way
ANOVA followed by a Tukey’s post-hoc for differences between groups. P< 0.05 was
considered significant. Data are expressed as the mean + SEM.

Increased arthritis severity in ASIC3—/— mice

The CAIA model was performed in ASIC3+/+ (wild type) and ASIC3-/- mice to determine
the effect of ASIC3 on the development of disease. As shown in Figures 1A and B, arthritis
severity was surprisingly increased in ASIC3-/- mice compared to ASIC3+/+ mice.
Histologic analysis of the joints on Day 12 confirmed increased synovitis and demonstrated
enhanced proteoglycan destruction, synovial lining thickening, bone erosion and extra-
articular inflammation in the ASIC3-/- mice (Figure 2A and B).

To evaluate whether articular gene expression of inflammatory mediators parallels clinical
synovitis, gPCR was performed on joint tissue. As shown in Figure 3, IL-6, MMP-3 and
MMP-13 mRNA levels were significantly increased in ASIC3-/- mice compared with
ASIC3+/+ mice with arthritis.
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Enhanced cell death with decreased pH depends on ASIC3

Since prior work shows that decreases in pH cause cell death in neurons through activation
of ASICs [23;31;53], we tested if decreases in pH would cause cell death in cultured FLS.
ASIC3+/+ FLS treated with pH 6.0 showed no increased cell death when compared to those
treated with neutral pH 7.4 (Figure 4). We then tested if cells exposed to IL-1, a critical
inflammatory mediator in arthritis, altered cell death. In ASIC3+/+ FLS, there is a
significant increase in the number of dead FLS (30% * 4.5) when exposed to IL-1f in
combination with pH 6.0 when compared to ASIC3+/+ FLS exposed to pH 6.0 alone or
ASIC3+/+ exposed to pH 7.4 with or without IL-1p(Figure 4). This increased cell death
does not occur in ASC3-/- FLS exposed to pH 6.0 with IL-1p indicating that it is ASIC3-
dependent (Figure 4).

Pain-like behaviors

To determine if pain-like behaviors in ASIC3—/- mice decrease in inflammatory arthritis as
observed for models of musculoskeletal pain [20;43] we examined withdrawal threshold of
the paw and ankle, and responsiveness of the paw to repeated mechanical stimulation in
mice with CAIA. This allowed us to identify differences in primary hyperalgesia of the
inflamed ankle as well as secondary hyperalgesia of the skin. Repeated stimulation of the
paw with a 0.4 mN von Frey filament increased the number of withdrawals to the stimulus
in ASIC3+/+ mice that peaked on day 10 after induction of CAIA. ASIC3-/- mice showed
significant reductions in the responsiveness to repeated stimulation (Figure 5A). Mechanical
withdrawal thresholds of the paw also significantly decreased and peaked on day 10 in
ASIC3+/+ mice. ASIC3-/- mice did not show this reduction in withdrawal thresholds of the
paw (Figure 5B). In contrast, withdrawal thresholds of the ankle significantly decreased and
were similar in ASIC3+/+ and ASIC3-/- mice after induction of arthritis (Figure 5C).

To determine if there were differences in mobility between ASIC3+/+ and ASIC3-/- mice
with CAIA we examined physical activity levels. In general, 7 days after induction of CAIA
ASIC3+/+ mice showed significant decreases in physical activity and increased inactivity.
The decreases in physical activity occurred at low speed walking and high speed walking
activities, but not in grooming behavior. The decrease in physical activity resulted in a
significant decrease in the total distance walked during the 60 minute time period (Figure 6).
By 13 days after induction of arthritis, activity levels returned to baseline. A similar pattern
of decreased physical activity and increased inactivity was observed in ASIC3—/- mice;
however the changes in behaviors were less pronounced (Figure 6). Specifically, the
ASIC3-/- mice spent more time in low and high speed activities and less time being
inactive than the ASIC3+/+ mice. This translated into the ASIC3-/- mice walking a greater
distance.

DISCUSSION

This study demonstrates the contrasting role of ASIC3 in inflammation and pain responses
in a chronic model of arthritis. In particular, this is the first report showing that ASIC3
deficiency paradoxically increases synovial inflammation, joint destruction and
inflammatory cytokines and yet is associated with reduced pain-like behaviors. This was
associated with increased expression of mediators that are primarily produced by
synoviocytes, namely IL-6 and MMPs. We have previously localized ASIC3 not only to
nociceptors innervating articular joints but also to FLS [20;21;26], and therefore determined
whether altered synoviocyte survival in ASIC3-/— might contribute to increased
inflammation. The data show for the first time that exposure of FLS to decreases in pH in
combination with inflammatory mediators produces cell death and that this is dependent on
ASIC3. Together, our data suggest that ASIC3 in sensory nerves activates nociceptors to
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produce pain while in synoviocytes ASIC3 prevents excessive inflammation by reducing
synoviocyte proliferation.

The observation that ASIC3 deficiency increases synovial inflammation suggests that
ASIC3 plays a protective role by suppressing synovitis. The arthritis data presented in the
current study contrast with other murine inflammation models. In ASIC3-/- mice with
cutaneous, subcutaneous or muscle inflammation there is similar neutrophilic infiltration
[43], similar or less severe tissue swelling [41;52], and histological evidence of reduced
granuloma formation and vasculitis [52] when compared to ASIC3+/+ mice. Enhanced
inflammation in ASIC3 deficient mice with CAIA might be unique to arthritis based on the
expression of ASIC3 in synoviocytes.

We previously showed that decreased pH, as occurs in inflammatory arthritis [13;14],
activates signaling in FLS [26]. Cultured synoviocytes exposed to an acid environment have
increased intracellular calcium and release of hyaluronan that are dependent on ASIC3 [26].
In FLS, IL-1p and TNF increase calcium and activate calcineurin, and stimulate release if
IL-6 and MMP [54]. Further, release of inflammatory cytokines from mononuclear cells is
prevented by calcium channel blockers [32]. Alternatively, increases in intracellular calcium
can activate second messenger systems that reduce activity of pathways involved in cytokine
production. For example, pH 6.0 decreased LPS-induced TNF expression [15] that
subsequently reduced the phosphorylation of IkB and nuclear translocation of the
transcription factor NF-kB [15]. Increased intracellular calcium can enhance activity of
protein phosphatase 2a (PP2a) and decrease extracellular signal regulated kinase (ERK)[29].
Our data showing increases in expression of 1L-6 and MMPs in joint tissue from ASIC3-/-
mice could thus result the loss of a pH-induced decrease in gene expression that normally
occurs through pH-activation of ASIC3.

Alternatively, increases in intracellular calcium with acidic pH could enhance synoviocyte
cell death to limit synoviocyte proliferation. Indeed our data show that exposure of FLS to
decreases in pH in combination with IL-1p results in cell death, and this cell death does not
occur in ASIC3-/- FLS. A recent study shows that decreases in pH (pH 5.5) resulted in cell
death of cultured synoviocytes through activation of TRPV1 [19]. In neurons activation of
ASICs with acidic pH can produce cell death through increased intracellular calcium in
central nervous system models of disease [16;23;31;39;51;53]. Thus, we suggest that the
decreases in inflammatory mediators observed in ASIC3+/+ mice compared to ASIC3-/-
mice are secondary to the reduction in synoviocyte proliferation.

The current study shows decreases in pain behaviors and increases in physical activity in
ASIC3-/- mice with CAIA compared to ASIC3+/+ mice. It is, therefore, possible that the
increased inflammation in ASIC3-/- mice is a result of the increased physical activity levels
and decreases in pain in these animals. However we believe this is unlikely as the activity
increases although significant was relatively small (see Figure 6) in comparison to the
differences in inflammation (see Figure 1), and decreases in pH activate and kill FLS
through ASIC3 (see Figure 4).

ASIC3 plays a critical role in the development and maintenance of musculoskeletal pain,
particularly that of inflammatory origin [7;20;20;25;41;43;52]. The current study supports
these data and shows a reduction in mechanical hyperalgesia of the paw despite greater
intensity of synovitis. However, we also show that ASIC3-/- mice still develop enhanced
mechanical hyperalgesia of the ankle similar to ASIC3+/+ mice. These data are consistent
with prior work showing ASIC3-/- mice lose injury-induced hyperalgesia outside the site of
insult in the skin but still show hyperalgesia at the site of insult [20;43;49]. Hyperalgesia at
the site of insult, termed primary hyperalgesia, reflects enhanced nociceptor activity while
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that outside the site of insult, termed secondary hyperalgesia, is thought to reflect enhanced
central neuron activity [6]. The secondary hyperalgesia in ASIC3-/- mice with muscle
inflammation is restored by re-expression of ASIC3 into neurons innervating the inflamed
muscle and in ASIC3+/+ mice is reduced by downregulation of ASIC3 in neurons
innervating the inflamed muscle [43;49]. Further, the enhanced central neuron activity does
not occur in ASIC3-/- mice suggesting ASIC3 is critical for induction of enhanced central
neuron sensitivity [42] and supporting its role in development of secondary hyperalgesia.
Co-administration of the ASIC3 antagonist, APETx2 with CFA into the paw similarly
prevents the development of cutaneous hyperalgesia 4h later in rats [7]. In parallel, there is
also an upregulation of the expression of ASICs in DRGs innervating inflamed
musculoskeletal tissue [21;48;50]. We have further shown that the increase is associated
with enhanced ASIC activity in the DRG innervating the inflamed tissue and that blockade
of ASICs after onset of inflammation reduces the pain-behaviors [12;50]. The above data
further support that localization of ASIC3 to nociceptors innervating the inflamed joint is
required for development of hyperalgesia, as well as the accompanying central neuron
sensitization.

We also showed that ASIC3 and CAIA affect joint function by measuring physical activity.
Importantly, people with inflammatory joint pain show decreased joint function that is
manifested as diminished physical activity [28]. In general people with chronic pain
conditions such as osteoarthritis and fibromyalgia show a decrease not only in overall
activity, but the greatest decreases in activity occur at more vigorous levels of activity
[9;10;47]. Indeed in the current study we show that ASIC3+/+ mice with CAIA have
decreases in physical activity with the greatest changes occurring at the highest levels of
activity; these decreases in physical activity are attenuated in ASIC3-/- mice. This increase
in physical activity or function in ASIC3-/- surprisingly occurs despite greater increases in
inflammation and joint destruction.

Current pharmacological agents against ASICs have been designed to antagonize the
channel to ameliorate pain. Indeed the current data support the use of ASIC3 antagonists to
modulate pain behaviors as does a large body of literature [3;7;8;20;25;35-37;41;44;49;50].
However, the role of ASICs in synovitis has previously not been investigated and our data
suggests that the use of pharmacological blockers of ASIC3 might enhance the disease
severity. An alternative strategy might be to activate ASIC3 pharmacologically in non-
neuronal tissues to reduce the inflammatory process while using other strategies to modulate
pain.
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Figure 1.

A. Clinical arthritis score from animals with collagen antibody-induced arthritis (CAIA) are
enhanced in ASIC3-/- mice (n=20; black squares) when compared to ASIC3+/+ mice
(n=20; white circles), *, p<0.05 B. Ankle joint thickness is greater in ASIC3-/- mice (n=20;
black squares) when compared to ASIC3+/+ mice (n=20; white circles), *, p<0.05. Data are
mean = S.E.M.
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Figure 2.

ASIC3-/- mice with collagen antibody-induced arthritis (CAIA) show enhanced
histological changes when compared to ASIC3+/+ mice. A. Representative sections from
the ankle joint of animals 12 days after induction of CAIA. Sections are stained with
Safronin-0. B. Quantification of histological changes on a 0-4 scale where 0 is normal and 4
represents severe destruction, synovial hyperplasia, erosion, or inflammation of the ankle.
Greater changes were observed in ASIC3-/- mice compared with ASIC3+/+ mice, *,
p<0.01 Data are mean + S.E.M.
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Figure 3.
ASIC3-/- mice with collagen antibody-induced arthritis (CAIA) have higher synovial
mRNA levels of IL-6, MMP-3 and MMP-13 than ASIC3+/+ mice. mRNA levels for IL-6
(A), MMP-3 (B), and MMP-13(C) were measured in ankle joint extracts normalized to the
internal standard HPRT1 from ASIC3+/+ and ASIC3-/- mice with CAIA. (n=20/group).
For comparison IL-6 mMRNA levels are shown for ASIC3+/+ and ASIC3—/- mice without
CAIA (naive). *p<0.05. Data are mean + S.E.M.
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Figure4.

A. Representative examples of the Live/Dead assay from cultured FLS treated with pH 7.4
or pH 6.0 with or without IL-1p taken from ASIC3+/+ or ASIC3—/- mice. Green staining
represents live cells, and red staining represents dead cells. Notice the increased number of
red nuclei in the panel from ASIC3+/+ cells treated with pH 6.0 and IL-1p. B. The average
percent of cells that were dead from the different groups. Three different cell lines were used
for each condition. *, significantly different from all other conditions. +, significantly less
than ASIC3+/+ treated with pH 6.0 and with IL-1p. Data are mean + S.E.M.
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Mechanical pain behaviors are reduced in ASIC3-/- mice compared with ASIC3+/+ mice
with passive CIA. A. Responsiveness of the paw to repeated application of mechanical

stimulation increases after induction of passive CIA in ASIC3+/+ mice. The increased

responsiveness to repeated stimuli is reduced in ASIC3-/- mice at days 6, 10 and 12. B.
Withdrawal thresholds of the paw are decreased in ASIC3+/+ mice with passive CIA. These

decreases in withdrawal thresholds do not occur in ASIC3—/- mice. C. Withdrawal

threshold of the ankle joint are decreased in ASIC3+/+ mice. Similar decreases are observed
in ASIC3-/- mice, *significantly different from ASIC3+/+ mice, p<0.05 Data are mean +

S.EM.
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ASIC3-/- mice have greater physical activity than ASIC3+/+ mice with CAIA. Low and
high speed walking activity, total time active, inactive time and grooming behavior were
measured in a 60 minute test period. A. Both groups of mice showed a decrease in the total

time active on Day 7 when compared to baseline. There was no significant difference

between groups. B. Both groups showed decreases in time spent in low speed activities on

Day 7. ASIC3-/- mice spent significantly more time in low speed activities than ASIC3+/+
mice. C. Both groups showed significantly less time spent in high speed activities on Day 7.
ASIC3-/- mice spent significantly more time in high speed activities than ASIC3+/+ mice.
D. ASIC3+/+ and ASIC3-/- mice showed no changes in grooming behavior after induction
of CAIA and were similar. E. Both ASIC3+/+ and ASIC3-/- mice showed more time being
inactive on Day 7. The ASIC3-/- mice however showed less time being inactive than the

ASIC3+/+ mice. F. By 7 days both groups showed a significant decrease in the total

distance traveled. The ASIC3-/- mice however traveled significantly less distance than the
ASIC3+/+ mice. Data are mean + S.E.M.
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