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Abstract

Objectives

Subchondral bone may contribute to knee osteoastl{fDA) pain. Nerve growth factor
(NGF) can stimulate nerve growth through TrkA. Vifaed to identifyfhow sensory nerve
growth at the osteochondral junction in human atdmeesssociates with OA pain.
Methods

Eleven symptomatic chondropathy cases were sel@aisdpeople undergoing total knee
replacement for OA. Twelve asymptomatic chondropathses who had not presented
with knee pain were selected post-mortem. OA wakidad in rat knees by meniscal
transection (MNX) and sham-operated rats were @asedontrols. Twice-daily oral doses
(30 mg/kg) of TrkA inhibitor (AR786) or vehicle weadministered from before and up to
28 days after OA induction. Joints were analysedfacroscopic appearances of articular
surfaces, OA histopathology and calcitonin genateel peptide-immunoreactive
(CGRP-IR) sensory nerves in medial tibial plateaard rats were assessed for pain
behaviors.

Results

The percentage of osteochondral channels contai@@&P-IR nerves in symptomatic
chondropathy was higher than in asymptomatic chapathy (difference: 2.5% [95% CI:
1.1-3.7]), and in MNX- than in sham-operated raeds (difference: 7.8% [95%CI:
1.7-15.0]). Osteochondral CGRP-IR innervation was significantly associatedhwpain
behavior in rats. Treatment with AR786 prevented itcrease in CGRP-IR nerves in
osteochondral channels and reduced pain behavibtNX-operated rats. Structural OA
was not significantly affected by AR786 treatment.

Conclusions

CGRP-IR sensory nerves within osteochondral charere associated with pain in human
and rat knee OAReduced pathological innervation of the osteochondral junction
might contribute to analgesic effects of reduced NGF activity achieved by blocking
TrkA.
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Introduction

Knee osteoarthritis (OA) is a common cause of pad disability. Pain is the most
common reason sufferers seek medical help. Recemtam studies showed that
subchondral bone marrow lesions (BMLs) detectedhagnetic resonance imaging (MRI)
in knee OA are associated with painMicroarray analysis of subchondral BMLs in OA
demonstrated upregulation of genes implicated iarogenesis, osteochondral turnover
and inflammation that might contribute to OA pain

Nerve growth factor (NGF) is localized in subcharidsone of the human tibial platéau
cartilagé and synoviurhin OA and rheumatoid arthritis and NGF plays a kalg in the
generation of knee OA pain through actions on igh haffinity receptor tropomyosin
receptor kinase A (TrkA). The NGF/TrkA pathway hasierged as an important
therapeutic target for human OA pain. Antibodieat thiock NGF reduce pain in human
and rodent knee OAand selective, allosteric inhibitors of TrkA suah AR786 can inhibit
pain in rat OA modefs and in human OA although a randomized controlled trial did not
suggest analgesic effects of TrkA inhibition in &r@A™.

NGF/TrkA pathway inhibitors reduce pain throughedir actions on peripheral sensory
nerves. TrkA is expressed by peptidergic nerveshvbontain the neuropeptide calcitonin
gene-related peptide (CGRP)CGRP-immunoreactive (IR) sensory nerves conteliat
OA pain®*3, NGF increases pain by sensitizing net{eNGF can also stimulate sensory
nerve growtf,'®. Sensory nerve densities have been associatedpaithin nonhealed
bone fracture¥, aging bon® and breast paifi However it is unclear whether sensory
nerve growth contributes to OA pain and whether N@& pathway inhibitors are

effective against pathological sensory innervaiiorOA. In people with OA, CGRP-IR
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sensory nerves are colocalized with NGF within esendral channelsand increased
NGF expression in osteochondral channels was adsdcwith symptomatic human knee
OA®. In this study, CGRP-like immunoreactivity was useda well-established marker of
unmyelinated sensory nerves to confirm innervaéibthhe osteochondral junction.

The first objective of this study was to determiheCGRP-IR sensory nerves at the
osteochondral junction are associated with OA paihumans by comparing cases with
similar OA structural change but with or withouhgytoms. One group had sought help for
knee pain and undergone total knee replacement TIkKRgery (symptomatic
chondropathy), while the other group had not sobgly for knee pain but had died from
an unrelated illness (asymptomatic chondropathyy. §€2cond objective was to identify
the effects of blocking NGF activity by inhibitinfrkA on any OA-associated increase of
CGRP-IR sensory nerves and pain behaviordabs with surgically-induced OA. We
hypothesise that lower numbers of CGRP-IR senseryas within osteochondral channels,

due either to pathological phenotype or TrkA inthdn, is associated with less OA pain.

Material and Methods

Human tissues

Eleven symptomatic chondropathy cases were seldobetd people who had presented
with severe knee pain and had undergone TKR for Qwelve asymptomatic
chondropathy cases who had not presented with gaee and 11 non-arthritic control
cases who had macroscopically normal articulailagée or only mild chondropathy were
selected post-mortem (PM). One knee joint from eadnor was included. All
asymptomatic chondropathy cases had not soughtcaleatiention for knee pain during

the last year and are highly likely to have experézl less pain than the symptomatic
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chondropathy cases. Human tissues were selecteddaty to predefined criteria from a
human Joint Tissue Repository held by the UniversitNottingham containing donations
from >2,500 cases at arthroplasty and >400 casksctzml post mortend™. Informed
consent was obtained from TKR cases, or from thé afekin of PM cases. Protocols were
approved by Nottingham 1 Research Ethics Commi&©2403/24 and Derby Research
Ethics Committee 1 11/H0405/2. Symptomatic chondtlop samples were from people
fulfilling American College of Rheumatology classition criteria for OA%? at the time of
TKR.

Human sample processing

Formalin-fixed coronal sections of the middle thatimedial tibial plateaux - MTP (key
weight-bearing area characteristically affected ©W) were decalcified in 10%
ethylenediaminetetraacetic acid (EDTA) in 10mM Toidfer (pH 6.95, 4°C) prior to wax
embedding.Samples used for CGRP-IR nerves staining were fixgdhe method of
Zambonf® (Supplementary text). Zamboni’s fixed tissues waeealcified, then immersed
and frozen at an optimal cutting temperature aorkdtat 80°C.

M acr oscopic chondropathy score and radiographic OA severity score

Following tissue harvesting, articular surfaceshef MTP were evaluated on the extent
and severity of loss of surface integrity by a Erassess6t. Articular surface defects
were graded 0 [normal], 1 [swelling and softenir®]superficial fibrillation], 3 [deep
fibrillation] and 4 [subchondral bone exposure]eTgroportion of articular surface area
corresponding to each grade was allocated to eaahrity grade to calculate a
macroscopic chondropathy score;

Macroscopic chondropathy score (0-100) = (Grad11#) + (Grade 2 x 0.34) + (Grade 3

x 0.65) + Grade %.
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Radiographic OA severity scores were derived upnegperative postero-anterior knee
radiographs as previously describedn atlas of line drawings of the knee joint wasd
to grade medial and lateral joint space narrowimg) @steophytés. Scores for
tibiofemoral joint space narrowing (0—6) and ostedps (0—12) were summed to provide
a total radiographic OA severity score (0-2£8)
Human histology and grading
Tibial plateaux sections (5um) were stained withBEH&r Safranin-O and fast green. OA
articular cartilage changes were graded using thekin scoring systeff (Supplementary
text). Subchondral bone marrow replacement waneéefas replacement of bone marrow
fat spaces with fibrovascular tissue, and asseas@ither present or absent. Section width
was measured by a digital electronic caliper (Miyat UK), and densities were calculated
of osteochondral channels per mm in subchondralebaralcified cartilage and
non-calcified cartilage, and of channels breachichgmark.
Immunohistochemistry and quantification of CGRP-IR nerve
Tibial plateaux sections (20um) were blocked wi#h Bovine serum albumin (BSA) for
1h at room temperature. The sections incubated oansm anti-CGRP antibodfi:300
TA309091; Acris Antibodies, Herford, Germany) wetiguted in goat blocking serum
overnight in a humid chamber at 4°The next day, secondary detection was performed
with goat anti-mouse IgG conjugated with Alexa 488 (0:KB2723; ThermoFisher
scientific, Mississippi, USA) for CGRP for 2h atora temperature. Before, between, and
after each incubation step, the sections were wiasheee times for 5min in PBS.
CGRP-IR sensory nerves were measured as a prap@tpof osteochondral channels in
each case that displayed CGRP-IR sensory ne®ms.section per each knee joint was

used for analysis of CGRP-IR nerves.
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Animalsand OA induction

Male Sprague-Dawley rat knee joints (Charles Rikent, UK), n=30, were collected for
this study from our previous experim&nthe rats were used in accordance with UK Home
Office regulations and followed the guidelines b€ tinternational Association for the
Study of Pain. Rats weighing 200-250 g were ana@s#d briefly with isoflurane (2% in
02) and underwent transection of the medial mesigbINX; n=20f". Non-osteoarthritic
(Sham-operated; n=10) rats were used as contr@ts Were randomized to 3 groups
(sham plus vehicle, MNX plus vehicle and MNX pluR286) using a computer program,
and mixed within cages. Data presented in this papgend behavioural data and
macroscopic chondropathy scores that have beemteeppreviously from these rétsAll
outcome measurements were carried out by an expetam blinded to randomized
treatments.

TrkA inhibitor (AR786) administration

AR786 (Array Biopharma, Boulder, Colorado, USA) veasninistered in a preventive
protocol based on previous d&&. Oral doses (30 mg/kg) of AR786 or vehicle (5%
Gelucire 50/13) were administered 1h prior to ahddlowing OA induction, and twice
daily until the end of the study (28 days after @duction).

Rat kneejoint pathology and quantification of CGRP-IR nerve

Rats were sacrificed by an overdose of pentobaifitaaperitoneal) (day 28). Macroscopic
chondropathy scores based on the Guingamp clagiit® have been previously publisfie&or

the current report, histological assessment oflaget and subchondral bone including osteophytes
in medial tibial plateaux was undertaken basecherCsteoarthritis Research Sogiet
International recommendatiotisSubchondral bone marrow replacement by fibrovascula

tissue and osteochondral channel density were sest@s the same way as human samples.
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Immunohistochemistry and quantification of CGRPrigve fibers in osteochondral
channels in medial tibial plateaux were carriediodhe same way as human samples.
Width of the entire medial proximal tibial epiphysvas measured by a digital caliper and
CGRP-IR nerve density per mm in the bone marrowepaas calculatedwo sections
containing weight-bearing area characteristicdilgced by OA per each knee joint were
used for analysis of CGRP-IR nerves.

Behavioral measurements of OA pain

Pain behavior was assessed as weight-bearing asyyreme as paw withdrawal threshold
to punctate stimulation of the hind-paw. Baseliresasurements were obtained
immediately prior to intra-articular injection aurgiery (day 0) and every 2—4 days from
day 3 onwards to day 28 and have been previoupbyted . Weight-bearing asymmetry
was assessed as percent difference in weighthiiioh between hind-limB§

Image analysis

All human and rat histological scoring and quaaéfion of CGRP-IR nerve fibers were
undertaken by a single observer (KA) who was blihttethe diagnostic group, using a
Zeiss Axioscop-50 microscope (Carl Zeiss, Welwymdaa City, UK).

Statistical analysis

Statistical analyses were performed with JMP, \éerdi0 (SAS Ins. Cary, NC), IBM SPSS
version 26.0 software and IBM SPSS BootstrappiBy/(Corp. Armonk, NY, USA)Data
of age, gender, radiographic OA score, macroscdmadropathy score, OA
histopathology, CGRP sensory nerve and pain bebhes/iwere analyzed using
Kruskal-Wallis tests followed by post hoc Dunn'stgmarisons. Estimates of mean
differences of CGRP-IR nerve between groups withh @enfidence interval (CI) were

derived from 2000 bootstrap resampling. Logistgression was performed to adjust for



217 age. Spearman’s rank correlation (r) assessediagsns between pain behaviors and

218 CGRP-IR nerve densities, macroscopic chondropatbgesand OA istological changes in
219  MNX plus vehicle and MNX plus AR786 models (n=20)e95% Cls for Spearman's

220  correlation were derived from 2000 bootstrap redargpBias-corrected and accelerated
221  percentile method were used for estimation of 2+5).05 indicated statistical

222 significance.

223

224  Results

225  Patient characteristicsand joint pathology

226  Demographics and sample details of cases selemteki$ study are shown in TableThe
227 asymptomatic chondropathy group was older than twm-arthritic control and
228 symptomatic chondropathy group®\s expected from our selection criteria,
229  macroscopic chondropathy scores were similar in asymatic and symptomatic
230 chondropathy groups; and both were higher thanam-arthritic controls. Histological
231  chondropathy scores were higher in chondropathgscdlsan in non-arthritic controls
232 (Table 1 and Figure 1 A, B, C). Channels were presé the osteochondral junction in
233 each group (Figure 1, D). Increased numbers ofooktendral channels breaching the
234  tidemark (Figure 1 E), and the percentage of cas#ls subchondral bone marrow
235  replacement by fibrovascular tissue did not readakissical significance in chondropathy
236  groups compared to non-arthritic controls (Table 1)

237 CGRP-IR sensory nervefibersin human medial tibial plateaux

238 CGRP-IR nerve profiles were localized to osteochahdhannels and subchondral bone
239  marrow spaces (Figure 1 F, G, Hhe percentage of osteochondral channels containing

240 CGRP-IR sensory nerves did not significantly diffeetween chondropathy and
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non-arthritic control groups (median percentageste(quartile range (IQR)) of
non-arthritic control, asymptomatic and symptomahondropathy were 1.2 (0, 2.9), 0 (O,
1.9) and 3.6 (2.5, 4.7)) (Figure 2). Bootstrap reates of mean differences between
asymptomatic or symptomatic chondropathy and némiic control were 0.8% [95%1:
-0.6 to 2.4%] and 1.3% [95%CI: -0.4 to 2.9%], retpely. The percentage of
osteochondral channels containing CGRP-IR sensoceyves in the symptomatic
chondropathy group was higher than in asymptomationdropathy group and this
difference remained significant after adjusting &me (aOR=3.9 [95% CI: 1.5 to 31.3],
p=0.01) (Figure 2). The bootstrap estimate of meifference between symptomatic and
asymptomatic chondropathy was 2.5% [95% CI: 1.3.780].

MNX-induced OA and pain behavior in rats

New data presented here extend previously publistetoscopic chondropathy scores,
paw withdrawal thresholds and weight-bearing asytmyrdata from these experimefits.
MNX surgery was associated with a greater OA stmattchange than was sham surgery
(Table 2 and Figure 3A, B, C). Subchondral boneravareplacement by fibrovascular
tissue was observed in MNX- but not in sham-operaa¢ts. Numbers of osteochondral
channels did not differ between groups, and wetaltered by AR786 treatment (Table 2
and Figure 3D, E, F, C). Asymmetric weight disttibn and reduced paw withdrawal
thresholds were more severe in MNX-operated ratgeéd with vehicle than in
sham-operated rats at day 28 after surgery, andBRaversed the OA-induced pain
behavior (Table 2).

CGRP-IR nervefibersin rat kneejoints

CGRP-IR nerve profiles were localized to osteochahdhannels and subchondral bone

marrow spaces in rat knee joints (Figure 3G, H, R)e percentage of osteochondral
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channels containing CGRP-IR sensory nerves wasehighMNX-operated knees from
rats treated with vehicle than in sham-operatec&rienedian percentages (IQR) of sham
plus vehicle and MNX plus vehicle were 2.8 (0.3))7and 10 (8, 13.7)) (Figure 4A). The
bootstrap estimate of mean difference between ghlamvehicle and MNX plus vehicle
was 7.8% [95% CI: 1.7 to 15.0%]. Treatment with BB 7prevented this increase (Figure
4A and Figure 3G, H, I, J). The bootstrap estintdtmean difference betwedhNX plus
vehicle and MNX plus AR786 groups was 7.7% [95% £bB to 14.4%]. CGRP-IR
sensory nerve density in subchondral bone marragespdid not differ between groups
(Figure 4B). The percentage of osteochondral cHanoentaining CGRP-IR sensory
nerves in knees from rats 28 days after MNX surgeeated with vehicle or AR786, was
significantly associated with weight-bearing asynmnéSpearman’s r=0.50 [95% CI: 0.07
to 0.77], p=0.04), and with paw withdrawal thresh{fpearman’s r=-0.55 [95% CI: -0.82

to -0.08], p=0.02).

Discussion

We have identified CGRP-IR sensory nerves withite@shondral channels, associated
with symptoms in human knee OA and pain behaviouMNX-induced rat knee OA.
These new data support the view that CGRP-IR sgnmsves invade the osteochondral
channels from bone marrow spaces in joints with @&ilage damage. In rats, blocking
NGF activity by inhibiting TrkA prevented the OAdaced growth of CGRP-IR sensory
nerves in osteochondral channels. This was asedciaith, and might contribute to,
reduced pain behaviour. Our findings support theoktyesis that NGF-induced growth of
sensory nerves at the osteochondral junction nauightribute to chronic pain in knee OA.

In our previous studies on human tissues, we shoM@#&-like immunoreactivity in
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multinucleate osteoclasts adherent to boseeochondral channels and synoviiit not
mRNA expression) was associated with OA pain in human ©%23 In the mouse OA
model induced by destabilization of the medial reus, increased NGF messenger RNA
in knee joints was also associated with pain befrdviincreased NGF expression by
osteoclasts might induce the invasion by CGRP-IRs@g/ nerves into osteochondral
channels. Indeed, nerve fibers are increased inngta under areas of most damaged
articular cartilage in osteoarthritic mouse krideand chondrocytes produce higher NGF
levels in more severely damaged cartilage in hu@ari®3’*® and in surgically-induced
mouse knee OR. However, chondrocyte-derived NGF was not sigaifity associated
with pain in late-stage OR These findings suggest a more important coniobuto the
generation of pain from NGF in osteochondral ch&érend synovium than from
chondrocytes, particularly in late-stage OA. Here demonstrate that inhibition of the
NGF/TrkA pathway with a specific TrkA inhibitor raded osteochondral innervation in
the rat. These data extend previous findings th@Flocking antibodies can reduce
pathological sensory innervation in b&her skif”, to show similar effects of TrkA
inhibition in osteochondral channels. NGF pathwakibition did not, however, have
detectable effects on mature sensory innervationsistent with a lack of effect on mature
innervation in other tissues from NGF-block&deSubchondral bone marrow lesions
detected by MRI have been associated with OAlpaiWe speculate that sensitization of
pre-existing nerves in subchondral bone marrowotesimight contribute to OA pain, and
that generation of neurotrophic factors by BNMLmight contribute to osteochondral
channel innervation.

Nerve growth into articular cartilage occurs withrascular channels. Penetration of

channels into non-calcified articular cartilage Heesen associated previously with OA
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disease, whereas total osteochondral channel w=nsit calcified and non-calcified
cartilage differ little between OA and non-arthritbints’. We found that CGRP-IR sensory
nerve densities within osteochondral channels ifotibsteochondral channel densities per
se) were higher in symptomatic than in asymptomahondropathy. Also, channel
innervation was significantly associated with weigbkaring asymmetry and paw
withdrawal threshold in MNX-induced rat knee OA.€Ble data suggest that rather than an
increase in osteochondral channel densities, iseteanervation contributes to OA pain.
Increased NGF expression in osteochondral charasssciated with symptomatic knee
OA® might further contribute to OA pain by sensitizithese osteochondral nerves.

As previously reportéd blocking NGF activity by oral administration dfiet specific
TrkA inhibitor AR786 prevented OA-associated paghaviours in these rats. Inhibiting
the NGF/TrkA pathway reduces peripheral sensitréli*. We now also show that
AR786 administration prevented the increase in CERmRerves within osteochondral
channels that otherwise follows OA induction by MSXrgery, and that lower CGRP-IR
nerve densities were significantly associated Vais OA-induced pain behavior.

OA is a multi-tissue disease involving many molacuhediators. Our cross sectional
data from humans, and interventional studies i, ratiggest a contribution of NGF
pathway-induced osteochondral innervation to OAnpakFurther research should
investigate whether osteochondral innervation migita predominant cause of pain in
some patients, and its relative importance comptresther pain mechanisms. CGRP-IR
sensory nerves have also been localized to oskeitiarsynoviunt®*®, possibly in higher
densities than in asymptomatic kn®egarticularly in joint compartments displaying
increased sensitivify. Synovitis has also been associated with OA kreig, pboth in

human$ and in the MNX-induced rat mod®l However, we previously showed that
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AR786 did not significantly reduce either knee dimgl or synovitis in rats with
MNX-induced OA, and synovitis scores were not digantly associated with pain
behaviorg. Other aspects of osteochondral pathology in Oghmadditionally contribute
to OA pain. Loss of osteochondral integrity mightrease osteochondral permeability,
exposing subchondral nerves to chemical mediatars the cartilage or synovium and
mechanical injur{’. Osteoclast activity may also increase pain boyh sbnsitizing
osteochondral nerves and by increasing structuatioiogy®. Furthermore, NGF both
influences nerve growth, as indicated by our figdinand quickly induces sensitization of
peripheral nerves by multiple signalling pathwdysThe rapid onset of analgesia
associated with NGF blockadeor TrkA inhibition is likely attributable to reded
peripheral sensitization, rather than to reducecvengrowth, which is a slow process
occuring over a period of weeks However, our data indicate that osteochondral
innervation might contribute to OA pain, and sudggést nerve growth might be a key
target for structural disease modification in OAh€ approaches for structural disease
modification in OA have been largely unsuccessfupart due to the prolonged treatment
required to demonstrate clinically important stamat modification, and a lack of
symptomatic benefit. Targeting aspects of OA stmait pathology such as aberrant
osteochondral innervation with treatments that atswe immediately reduce pain is an
attractive proposition.

Limitations

Quantification of nerves is limited by sensitivafthe immunohistochemical method, and
by the challenge of detecting changes in nerveijeinsa tissue which normally contains
nerves. CGRP-IR was used as a well-establishedeanaflunmyelinated sensory nerves

which express TrkA. Half of neurons innervating the subchondral bexgressed CGRP
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and TrkA in normal rat knees, whereas all wereeistih B4-negativ¥. Sensitivity of

CGRP to detect subchondral sensory nerves migavée higher in O It is unclear
whether CGRP is itself important for OA pain, andlike experience with NGF-blocking
antibodies, an RCT of CGRP receptor blockade didexeeal clinically important benefit

for OA pair?®. However, different results might have been oletdinsing other neuronal
markers, and we do not exclude biologically impatrizhanges in innervation in tissue
compartments additional to osteochondral chank¢gsused non-parametric statistical
methods in order to optimize validity depite inehrsof an outlying value for channel
innervation in our per protocol analysiaiture research should seek to confirm our present
findings.

Characteristics other than osteochondral innermatsmme unmeasured, might explain
symptomatic and asymptomatic chondropathy classifin. However, the groups had
similar chondropathy scores and OA histopatholdgeing might also influence sensory
innervation in mic&,>, although differences in osteochondral innervatiorour study
persisted after adjustment for age. Some peopbairinasymptomatic’ chondropathy group
might have experienced chronic knee pain withoatrtrelatives knowing. However, all
people undertaking TKR report severe knee pain,iamshighly likely that people who
have not undergone surgery have less knee pairtibaa who do. Samples were from the
mid-coronal section of the medial tibial plateaukey weight-bearing area with the
greatest amount of cartilage loss, but findingsldaliffer for other joint regions such as
femoral condyles. We here focused on NGF at theoskbndral junction, and further
systematic studies of other molecules and in adigcular tissues might reveal additional
pathways contributing to OA pain.

Conclusions
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Our data indicate a possible role of osteochondredrvation and TrkA in structural
pathology which contributes to OA pain. Previousmapts at structural disease
modification in OA have focused on radiographiddees such as joint space narrowing
and osteophytosis, features which are only weasdpaiated with OA pain severify
Osteochondral innervation might be a key structanainge that contributes to human and
rat OA pain. Most analgesic drugs alter sensoryen@&mction rather than structure.
Inhibiting pathological nerve growth in osteochadrhannels may reduce chronic OA

pain and herald a step change for structural paidifircation.
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Figure 1: Histopathologic featuresin cartilage and subchondral bone from humans

A; non-arthritic control. B; Asymptomatic chondrapg C; Symptomatic chondropathy
Osteochondral channels were found in the subchbrimbae plate in sections from
non-arthritic control cases (D). Osteochondral dedsm breaching the tidemark and
entering non-calcified cartilage in sections frogmptomatic chondropathy cases (E).
CGRP-IR nerves were found in osteochondral chanoet$er the areas of damaged
cartilage (asterisk) in sections from symptomalicradropathy cases (white arrow head) (F,
G). CGRP-IR sensory nerves (arrow) were found inebmarrow space (arrow) (H). (1)



explains where these images are located withirktiee joint. Black arrow heads indicate
tide mark. CGRP-IR; calcitonin gene-related peptidemunoreactive. Scale bars = 100
pum

Figure 2: Percentage of osteochondral channels containing CGRP-IR sensory nerves
in non-arthritic control, symptomatic and asymptomatic chondropathy cases.
Scatterplots illustrate the differences among nhréic control, symptomatic and
asymptomatic chondropathy cases. Lines represemtiame and IQR.Data were
analysed using Kruskal-Wallis test followed by post hoc Dunn’s comparison.
*p=0.007 versus asymptomatic chondropathy.

Figure 3: Histopathologic featuresin cartilage and subchondral bone from rats

A; Sham + vehicle. B; MNX + vehicle. C; MNX + AR786

Osteochondral channels (black arrow head) weredfonrthe subchondral bone plate in
sections from Sham + vehicle (A, D), MNX + vehi¢k E) and MNX + AR786 group (C,
F). CGRP-IR sensory nerves invading osteochondrahiels from bone marrow space
(white arrow head) under areas of damaged cart{lagferisk) in MNX + vehicle group (G,
H). The increase in CGRP-IR nerves within osteodnain channels under areas of
damaged cartilage (asterisk) was prevented in MNAR786 group (I, J). CGRP-IR
sensory nerves (arrow) were found in bone marraesgK). MNX; meniscal transection,
CGRP-IR; calcitonin gene-related peptide-immundieacScale bars = 100m

Figure 4: Percentage of osteochondral channels containing CGRP-IR sensory nerves
and nerve density in bone marrow space from sham plus vehicle, MNX plus vehicle
and MNX plusAR786 models.

Lines represent medians and IQR. *p=0.02 versumShaehicle and *p=0.03 versus
MNX + AR786. Data were analysed using Kruskal-Vgatést followed by post hoc
Dunn’s comparisonMINX; meniscal transectior GRP; calcitonin gene-related
peptide-immunoreactive, IR; immunoreactive.

Non-arthritic Asymptomatic Symptomatic
control chondropathy chondropathy
Age 50 (47, 65) 86 (78, 89) 61 (58, 73)

Gender (Male, %) 70 50 67



Macroscopic chondropathy score (0-100)

Total radiographic OA severity score (0-18)

Tibiofemoral JSN score (0-6)

Medial tibiofemoral JSN score (0-3)
Osteophyte score (0-12)

Medial tibial osteophyte score (0-3)

Total Mankin score (0-14)

Loss of cartilage surface integrity (0-6)
Chondrocyte appearance (0-3)

Loss of tidemark integrity (Yes, %)

Proteoglycan loss (0-4)

Subchondral bone marrow replacement
(Yes, %)

Density of channels breaching tidemark
(/mm)

Total osteochondral channel density (/fmm)

20 (17, 26)

NA

NA
NA
NA

NA

6 (5, 8)
3%2,
2(2,3)
45
1(1,1)

45

0.00 (0.00, 0.00)

4.4 8.3)

68 (62, 83) *HH*

NA

NA
NA
NA
NA
9 (6, 11)
5 (3, 6) ***
3(3,3)
70
2(1,2)

67

0.03 (0, 0.10)

3.7 (3.0, 5.0)

73 (66, 79) ***
2 (10.5 13)
5 (5, 5)
33
7 (5.5, 8)
2%12)
11(9, 12) *
6 (4, 6) **
3(3,3)
70
2(2,2)

64

0.07 (0.00, 0.13)

4.1 (3.3, 6.6)

Table 1: Details of demographics, radiographic OA severity and OA pathology

Data displayed as median (IQR). Total radiograpbi& severity score is a summation of

tibiofemoral joint space narrowing (JSN) and ostewe scores. Tibiofemoral JSN score is a

summation of medial and lateral tibiofemoral JSMres. Osteophyte score is a summation of

medial and lateral tibial and femoral osteophyterss. Data were analysed using Kruskal-Wallis
test followed by post hoc Dunn’s comparison. *p40.8*p=0.007, ***p=0.006, ****p=0.003,
**+%n=0.0002 versus non-arthritic control. JSN;iji space narrowing, NA = Not available.



SHAM + Vehicle MNX + Vehicle MNX + AR786

Macroscopic chondropathy score 0 (0, 0.8) 3 (3, 3)* 3 (3, 4)***
Cartilage damage score (0-15) 0 (0, 0) 5 (3, 8) 5,80)*
Osteophyte score (0-3) 0 (0, 0) 1(0, 3) 1(0, 2)
Osteochondral channel density (/mm) 3.1(2.9,3.3) 2.5(2.2,3.6) 3.5 (2.5, 4.6)
Subchondral bone marrow replacement (%) 0 50 66.7*

Paw withdrawal threshold (g) 15 (11, 15) 6 (5, 6)** * 13 (10, 15)
Weight-bearing asymmetry (%) 1.2(0.1,1.9) 25.2 (20.6, 27.4) == 1.5 (0.6, 3.8)

Table 2: Histology and pain behavior 28 days after knee surgery in rats

Data displayed as median (IQR) and/®5onfidence interval (Cl) for median. Data werelgsed
using Kruskal-Wallis test followed by post hoc Diswrcomparison. *p=0.003, **p=0.002,
**n=0.0001, ****p<0.0001 versus SHAM+Vehicle’p=0.003,”p=0.002 versus MNX + AR786.
MNX; meniscal transection. Weight-bearing asymmeisy given as percent difference in
distribution between hindlimbs.

¥; Macroscopic chondropathy score, paw withdrawal sthoéd and weight-bearing asymmetry
have been previously publisffed

Supplementary text

Method of Zamboni®

Samples were fixed using a solution of 2% (w/v)apamaldehyde, 15% (v/v) picric acid in
phosphate buffer (pH 7.3, 4°C) overnight, and ttrensferred to 15% (w/v) sucrose in phosphate
buffered saline (4°C) solution for 5 days.

Mankin scoring system?®

Cartilage surface integrity (O [normal] to 6 [comi@ disorganisation]), tidemark integrity (O
[intact] or 1 [crossed by vessels]), chondrocyterphology (0 [normal] to 3 [hypocellular]) and
proteoglycan loss (0 [normal, no loss of Safraniat&n] to 4 [complete loss of stain]).



Figure 1: Histopathologic featuresin cartilage and subchondral bone from humans
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Figure 2: Percentage of osteochondral channels containing CGRP-IR sensory
nervesin non-arthritic control, symptomatic and asymptomatic chondropathy

Figure 3: Histopathologic featuresin cartilage and subchondral bone from rats
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Figure 4: Percentage of osteochondral channels containing CGRP-IR sensory
nerves and nerve density in bone marrow space from sham plusvehicle, MNX plus
vehicleand MNX plusAR786 models.



