Behavioural and immunohistochemical characterisation of TrkA knock-in mice
in the monoiodoacetate model of osteoarthritis
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INTRODUCTION
The neurotrophin nerve growth factor (NGF) has a
central role in regulating the function of primary
sensory neurons, including small diameter
nociceptors1. Administration of exogenous NGF
can induce pain in both animals and humans, and
endogenous NGF contributes to the sensitisation
of nociceptive primary sensory neurons in many
painful conditions1. Specifically, NGF expression is
elevated in the chondrocytes isolated from knee
joints of osteoarthritic individuals. Anti-NGF
treatment of osteoarthritis patients results in
significant analgesia, but also severe side effects
such as increase incidence of bone necrosis2.
Collectively, these data suggest that NGF has a role
in causing and augmenting pain in osteoarthritis.

RESULTS
1. Increased mechanical hypersensitivity and ongoing pain in TrkA KI mice

AIMS
Here we characterised the development of OA pain
in animals carrying a mutation in the TrkA
neurotrophin receptor (P782S) (TrkA KI mice) that
alters the receptor trafficking, resulting in increased
signalling3 in an attempt to understand the
contribution of NGF/TrkA signalling in OA pain.

Figure 1. Mechanical thresholds following intrarticular injection of monoiodoacetate (MIA) (0.7 mg/mouse) or
saline (10 ul/mouse) to Wild type (WT) or TrkA knock in mice (TrkA KI).
Saline WT, n=12; 0.7 mg MIA WT, n=13; Saline TrkA KI, n=9; 0.7 mg MIA TrkA KI, n=10. *p<0.05, ***p<0.001
versus saline control, #p<0.05 versus WT MIA. Two-way repeated measures ANOVA followed by Student
Newman-Keuls test.

2. Comparable extent of knee pathology between
WT and TrkA KI mice

Figure 2. Weight bearing deficits following intrarticular injection of monoiodoacetate (MIA) (0.7 mg/mouse) or
saline (10 ul/mouse) to Wild type (WT) or TrkA knock in mice (TrkA KI).
Saline WT, n=12; 0.7 mg MIA WT, n=13; Saline TrkA KI, n=9; 0.7 mg MIA TrkA KI, n=10. *p<0.05, **p<0.01,
***p<0.001 versus saline control, #p<0.05, ###p<0.001, versus WT MIA. Two-way repeated measures ANOVA
followed by Student Newman-Keuls test.

3. Comparable sensory neuron peptide content

METHODS
animals
Wild type and TrkAP782S knock-in (TrkA KI) mice
were intra-articularly injected with 0.7 mg
monoiodoacetate (MIA) in the left knee, and hindpaw mechanical thresholds and weight bearing
changes were assessed at regular intervals up to
28 days4.

behaviour
Mechanical thresholds
were assessed by
measuring the paw
withdrawal thresholds
(PWT) to increasing
mechanical
force
applied
using
calibrated
von-Frey
Incapacitance tester
monofilaments (0.0081.00g), to the plantar
surface of the hindpaw. The 50% PWT was
estimated using the Dixon’s ‘up-down’ method.
Weight bearing was assessed as the force exerted
on each hindpaw using an incapacitance tester

Figure 3. Cartilage degradation following intra-articular MIA injection (0.7mg, Day 28). Scale bar 100 um. *p<0.05
versus saline control, one-way ANOVA, post-hoc Tukey test. Data are shown as mean +/- SEM. n=4-6.

4. Enhanced second order neuron activation
in TrkA KI

Figure 4. Expression of CGRP and pERK in L3 DRG 28 days following intra-articular MIA injection (0.7mg, Day
28). Scale bar 100 um. *p<0.05, **p<0.01 versus saline control, one-way ANOVA, post-hoc Tukey test. Data are
shown as mean +/- SEM. n=4-6.

5. Comparable microglial response

immunohistochemistry
Animals were perfusion-fixed with 4% PFA with 1.5%
picric acid in 0.1M phosphate buffer and knee joints,
L3-L5 DRG and spinal cords were collected. Knee
joints were post-fixed for 48 hours, left in agitation
in 10% EDTA solution for 1 week, paraffin mounted,
sectioned (5um) and counterstained with toluidine
blue. DRG and spinal cords were post-fixed for 2
hours, cryoprotected in 30% sucrose solution, cut in
a cryostat (10um and 20um respectively) and
mounted onto glass slides. DRG samples were
incubated overnight with phospho-ERK (cell
signaling technology) and CGRP (Enzo Life Sciences)
followed by incubation with Donkey anti-rabbit IgG
conjugated Alexa Fluor TM 488 (Molecular Probes)
and a donkey anti-sheep IgG conjugated Alexa Fluor
TM 568 (Molecular Probes) for 2h at room
temperature. Spinal cords were cryosectioned
(20um) and immunostained against Iba1 (Wako)
and p-p38 MAPK (cell signaling) or c-fos (cell
signaling). All slides were then coversliped with
fluorescence
mounting
medium
(Vector
Laboratories) and were visualised using a Zeiss
axioplan 2 fluorescence microscope.
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Figure 5. Expression of c-fos in the lumbar dorsal horn 28 days following intra-articular MIA injection (0.7mg, Day 28).
Scale bar 100 um. *p<0.05 versus saline control, one-way ANOVA, post-hoc Tukey test. Data are shown as mean +/SEM. n=4-6.

Figure 6. Expression of IBA1 and pp38 in the lumbar dorsal horn 28 days following intra-articular MIA
injection (0.7mg, Day 28). Scale bar 100 um. *p<0.05 versus saline control, one-way ANOVA, post-hoc Tukey
test. Data are shown as mean +/- SEM. n=4-6.

CONCLUSIONS
• This study demonstrates that TrkA receptor mutation is associated with a faster onset of referred
allodynia and ongoing pain in experimental OA pain, which correlate with increased Fos expression in
the dorsal horn.
• The mechanisms underlying the hypersensitivity of TrKA KI mice in early stages of MIA will be
established in future studies.
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