
Dependence of MCP-1 hyperalgesia on the IB4-binding protein
versican

Oliver Bogen*,#1, Olayinka A. Dina*,#1, Robert W. Gear*, and Jon D. Levine*,#2

*Departments of Medicine, and Oral & Macxillofacial Surgery / Division of Neuroscience / University of
California at San Francisco, CA 94143-0440, USA

Abstract
The type 1 chemokine monocyte chemoattractant protein (MCP-1) has been implicated in the
generation of inflammatory and neuropathic pain, but the underlying mechanism remains poorly
understood. Here we show that mechanical hyperalgesia induced by intradermal injection of MCP-1
in the rat is blocked by the intrathecal administration of IB4-saporin, a selective neurotoxin for
IB4+/Ret+-nociceptors. MCP-1 induced hyperalgesia is also attenuated by intrathecal antisense
oligodeoxynucleotides targeting mRNA for versican, a molecule that binds MCP-1 and that also
renders the Ret-expressing nociceptors IB4-positive (+). Finally, peripheral administration of
ADAMTS-4 or chondroitinase ABC, two enzymes that disrupt versican integrity by the degradation
of the versican core-protein or its chondroitin sulfate glycosaminoglycan side chains, respectively,
also attenuated MCP-1 hyperalgesia at the site of nociceptive testing. We suggest that versican’s
glycosaminoglycan side chains present MCP-1 to a CCR2 expressing cell type in the skin that, in
turn, selectively activates IB4+/Ret+-nociceptors, thereby contributing to enhanced mechanical
sensitivity under inflammatory conditions.

Introduction
Monocyte chemoattractant protein 1 (MCP-1) is a member of the CCβ chemokine family with
potent chemotactic activity for monocytes/macrophages, which expresses its cognate receptor,
CC chemokine receptor 2 (CCR2) (Randolph and Furie, 1995, Rollins, 1996). It has been
shown that MCP-1 is expressed by a subset of sensory neurons and that its expression is strongly
up-regulated by peripheral nerve injury or inflammation (Tanaka et al., 2004, White et al.,
2005b, Jeon et al., 2008). Sensory afferents that express MCP-1 have small to medium sized
cell bodies and are characterized by the expression of the receptor tyrosine kinase Ret
(rearranged during transfection, Ret+) and binding to the isolectin B4 (IB4+) (White et al.,
2005a, Jeon et al., 2008), which we have previously been shown to bind the extracellular matrix
molecule versican (Bogen et al., 2005).

Monocytes/macrophages, which can contribute to pain (White et al., 2005a), migrate to the
site of inflammation, attracted by a chemotactic gradient. It has been proposed that sulfated
glycosaminoglycans at the inflammatory site retain the secreted chemokines and create the
localized high concentrations that are necessary to direct the migration of monocytes/

#2Address correspondence to: Jon D. Levine, M.D., Ph.D., University of California, San Francisco, 521 Parnassus Avenue, San Francisco,
CA 94143-0440, Phone: (415) 476-5108, Fax: (415) 476-6305, E-Mail: E-mail: Jon.Levine@ucsf.edu.
#1both authors contribute equally
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Neuroscience. Author manuscript; available in PMC 2010 March 17.

Published in final edited form as:
Neuroscience. 2009 March 17; 159(2): 780–786. doi:10.1016/j.neuroscience.2008.12.049.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



macrophages (Bernfield et al., 1999, Kuschert et al., 1999). Versican is a chondroitin sulfate
proteoglycan (Wight, 2002). Its association with the plasma membrane of Ret+/IB4+-sensory
afferents is mediated by its binding to hyaluronan (Bogen et al., 2005). Versican has been
shown to bind several different chemokines that are involved in the recruitment of mononuclear
leukocytes such as RANTES (regulated upon activation, normal T-cell expressed) and MCP-1,
interactions, that are dependent on versicans sulfated glycosaminoglycan side chains (Hirose
et al., 2001). Since versican also interacts with several different adhesion molecules on the
surface of mononuclear leukocytes such as L- and P-selectin or the P-selectin glycoprotein
ligand-1 (PSGL-1) it has been suggested that versican functions by regulating interactions
between chemokines and leukocytes under inflammatory conditions (Kawashima et al.,
2000, Zheng et al., 2004, Wu et al., 2005). We therefore hypothesized that versican’s
glycosaminoglycan side chains immobilize MCP-1 released by the peripheral terminals of
Ret+/IB4+-sensory afferents under inflammatory conditions thereby creating the chemotactic
gradient that directs the migration of CCR2-expressing monocytes/macrophages to the site of
injury or infection.

Beside its function as a chemoattractant for CCR2-expressing monocytes/macrophages MCP-1
might also be able to sensitize sensory neurons in an autocrine or paracrine manner as sensory
neurons also up-regulate the expression of CCR2 under inflammatory conditions (White et al.,
2005b, Jung et al., 2008), a G-protein coupled receptor (GPCR) that has recently been shown
to activate phosholipase C beta (PLCβ) and protein kinase C (PKC) (Qin et al., 2005), two
second messengers that are known to mediate nociceptor sensitization (Aley et al., 2000, Joseph
et al., 2007). To address this question we analyzed whether acute administration of MCP-1 is
able to induce nociceptor sensitization and mechanical hyperalgesia. Because it has been shown
that MCP-1 is selectively expressed by Ret+/IB4+-sensory afferents and known to bind to
versican (Hirose et al., 2001, Jeon et al., 2008), the molecule that renders these neurons IB4-
positive (Bogen et al., 2005), we additionally evaluated the role of the Ret+/IB4+-afferents and
versican. We found that intradermal injection of MCP-1 produces mechanical hyperalgesia in
the rat hindpaw that is mediated by the Ret-expressing, IB4-binding subpopulation of
nociceptors and dependent on the presence of the extracellular matrix molecule versican at the
sensory neurons peripheral terminals.

Material and methods
Animals

All experiments were performed on male Sprague Dawley rats (220-240 g; Charles River
Laboratories, Hollister, CA). The animals were housed in a controlled environment in the
animal care facility of the University of California, San Francisco, under a 12 h light/dark cycle.
Food and water were available ad libitum. Experiments were approved by the Institutional
Animal Care and Use Committee at UCSF and adhered to the guidelines of the American
Association of Laboratory Animal Care, National Institutes of Health and the Committee for
Research and Ethical Issues of the International Association for the Study of Pain. Effort was
made to minimize the number of animals used and their suffering.

Drugs and enzymes
NGF and chondroitinase ABC were purchased from Sigma-Aldrich (Saint-Louis, MO, USA),
MCP-1 from Fitzgerald Industries (Fitzgerald Industries International, Concord, MA, USA)
ADAMTS-4 from Calbiochem (EMD Biosciences Inc., La Jolla, CA, USA) and IB4-saporin
from Advanced Targeting Systems (San Diego, CA, USA).
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MCP-1 and NGF were solubilized in sterile isotonic saline (Baxter Healthcare Corp., Deerfield,
IL, USA). Chondroitinase ABC was solubilized in sterile filtered 0.1 M NaOAc containing 0.1
M Tris-HCl, pH 8 and ADAMTS-4 was used as delivered by the manufacturer.

IB4-saporin was diluted in sterile filtered PBS (concf= 160 ng/μl) prior to being used and
intrathecally administered by using a 30-gauge needle inserted on the midline between the fifth
and sixth lumbar vertebrae. We and others have shown that this protocol reduces the number
of IB4-binding sensory neurons in the affected dorsal root ganglia and their central processes
terminating in the dorsal horn of the spinal cord (Nishiguchi et al., 2004, Joseph et al., 2008).

Mechanical nociceptive threshold testing
The nociceptive flexion reflex was quantified using the Ugo Basile analgesymeter (Stoelting,
Chicago, IL, USA), which applies a linearly increasing mechanical force to the dorsum of the
rats hind paw. The nociceptive threshold was defined as the force in grams at which the rat
withdrew its paw, and baseline paw-pressure threshold was defined as the mean of three
readings before the test agents were injected. Each paw was treated as an independent measure
and each experiment performed on a separate group of rats.

Antisense and mismatch preparation
Antisense and mismatch oligodeoxynucleotides (ODNs) for Trk A were prepared as we have
described previously (Malik-Hall et al., 2005). The antisense ODN sequence 5’-CAT CAA
CGA AGT CAC CAG ACC G-3’ was directed against a unique sequence of the rat Trk A
receptor. The corresponding GenBank accession number and ODN position within the cDNA
sequence are M85214 and 121-142, repectively. The mismatch ODN sequence 5’-CAA
CAT CGA AGT GAC GAG ACC G-3’ corresponds to the Trk A antisense with four bases
mismatched (denoted in bold).

Antisense and mismatch oligodeoxynucleotides (ODNs) for versican were also prepared as we
have described previously (Bogen et al., 2008). The antisense ODN sequence 5’-CAC ACA
TAG GAA GTC TCA GTA GG-3’ was directed against a unique rat sequence of exon 9 which
is present in all known versican splice variants. The corresponding GenBank accession number
and ODN position within the cDNA sequence are AF072892 and 1373-1395, respectively. The
mismatch ODN sequence 5’-AAA ACA TTG GTA GTA TCA GTC AG-3’ corresponds to
the versican antisense sequence with seven bases mismatched (denoted in bold).

Prior to being used, lyophilized ODNs were reconstituted in nuclease-free 0.9 % NaCl to a
concentration of 12 μg/μl and stored at -20°C until use. A dose of 40 μg of Trk A or versican
antisense or mismatch ODN was intrathecally administered in a volume of 20 μl once daily
for three days. Using this protocol we have previously demonstrated down-regulation of the
expression of several different proteins in dorsal root ganglion neurons including Trk A and
versican (Alessandri-Haber et al., 2003, Dina et al., 2004, Dina et al., 2005, Malik-Hall et al.,
2005, Joseph et al., 2007, Bogen et al., 2008, Dina et al., 2008). Prior to each injection rats
were anaesthetized with 2.5% isofluorane containing oxygen. ODNs were injected by using a
30-gauge needle inserted intrathecally on the midline between the fifth and sixth lumbar
vertebrae.

Statistical analysis
For the dose-response curve a repeated measures ANOVA was used. Because a significant
main effect of dose was demonstrated post hoc pair wise contrasts were employed to determine
where the differences occurred. The remaining data was analyzed using one-way or two-way
ANOVAs as appropriate. All two-way ANOVAs demonstrating a significant interaction were
further analyzed with one-way ANOVAs to determine the basis of the interaction. Scheffe
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post-hoc analysis was employed to determine the basis of significance in one-way ANOVAs
involving more than two groups.

Results
MCP-1 induces mechanical hyperalgesia

To determine the acute effect of MCP-1 on mechanical nociceptive threshold, we injected
recombinant rat MCP-1 intradermally on the dorsum of the rat hind paw. As shown in figure
1A, MCP-1 produced dose-dependent mechanical hyperalgesia (100 pg - 1000 ng, cumulative
dosing protocol with each sequentially higher dose administered at 30 min intervals). To study
the time course of MCP-1 hyperalgesia we injected a single 100 ng dose. As shown in figure
1B this dose produced a decrease in mechanical nociceptive threshold that was already
significant 15 min post-injection, reached its maximum (40 % decrease) by 30 min and lasted
for 24 hours.

MCP-1 induced hyperalgesia is mediated by IB4+/Ret+-nociceptors
C-fiber nociceptors have been divided into two classes based on their neurotrophic factor
dependence, the different termination areas of their peripheral and central projections and the
expression of different subsets of immunocytochemical markers (Snider and McMahon,
1998, Zylka et al., 2005). Based on these differences it has been suggested that they might
represent different functional classes that sense and transmit different aspects of pain related
information to the spinal cord (Snider and McMahon, 1998, Stucky and Lewin, 1999). In order
to analyze if MCP-1 induced hyperalgesia is mediated by the IB4+/Ret+-subset of C-fibers, we
determined the effect of IB4-saporin, a selective neurotoxin for IB4+/Ret+-nociceptors
(Vulchanova et al., 2001, Gerke and Plenderleith, 2004, Nishiguchi et al., 2004, Joseph et al.,
2008), on MCP-1 hyperalgesia. Animals received a single intrathecal injection of 3.2 μg IB4-
saporin, to destroy IB4 (+) -nociceptors, 10 days prior to intradermal treatment with MCP-1.
As shown in figure 2A IB4-saporin significantly attenuated hyperalgesia induced by MCP-1
suggesting that MCP-1 hyperalgesia is, indeed, mediated by the IB4+/Ret+-subset of
nociceptors. In contrast, the mechanical hyperalgesia induced by 1 μg NGF was not attenuated
by the pretreatment with IB4-saporin. NGF hyperalgesia was, however, blocked by the
intrathecal injection of antisense oligodeoxynucleotides to Trk A, the high affinity receptor for
NGF, while MCP-1 hyperalgesia was not affected (Fig. 2B).

MCP-1 hyperalgesia is versican dependent
To evaluate the role of versican in MCP-1 hyperalgesia we treated rats intrathecally with
antisense or mismatch oligodeoxynucleotides to versican. As shown in figure 3, MCP-1
hyperalgesia was completely blocked in animals that were pretreated with antisense ODNs,
but was not affected in animals that had received mismatch ODNs. NGF-induced hyperalgesia
was, however, not affected by the versican antisense.

Peripheral role of versican
Enzymatic digestion of the versican core

Knockdown of the expression of versican could attenuate MCP-1 hyperalgesia due to a
downregulation of the versican level in the periphery, at the central terminals in the spinal
dorsal horn or both. To evaluate a peripheral contribution of versican to the inhibition of
hyperalgesia induced by injection of MCP-1 we analyzed the effect of intradermal
ADAMTS-4, a matrix metalloprotease which has been shown previously to degrade versican
by cleaving its glycosaminoglycan attachment domains at position E55-Q56 (GAGα) or E93-
A94 (GAGβ) thereby releasing most of the molecule including all chondroitin sulfate side
chains into the extracellular space (Sandy et al., 2001, Westling et al., 2004). As shown in
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figure 4 pre-administration of ADAMTS-4 (1.5 mU) totally blocked MCP-1 hyperalgesia but
had no effect on NGF hyperalgesia. ADAMTS-4 alone had no effect on the mechanical
nociceptive threshold.

Enzymatic digestion of versicans glycosaminoglycan side chains
Finally, to determine if MCP-1 hyperalgesia could be dependent on versican’s chondroitin
sulfate side chains we intradermally administered chondroitinase ABC which has previously
been shown to digest chondroitin sulfate chains (Braunewell et al., 1995, Bradbury et al.,
2002), 1 h prior to injecting MCP-1. As illustrated in figure 4 pre-administration of
chondroitinase ABC (100 mU) also totally blocked MCP-1 hyperalgesia, but again, had no
effect on NGF hyperalgesia, supporting the idea that MCP-1 is bound by versican
glycosaminoglycan chains. Chondroitinase ABC, itself, does not affect the mechanical
nociceptive threshold.

Discussion
Several recent reports suggest a role of MCP-1/CCR2 signaling in models of inflammatory
and neuropathic pain syndromes. For example, the expression of both molecules by a subset
of small-diameter sensory neurons is highly up-regulated in rodent models associated with
neuropathic and inflammatory pain (Tanaka et al., 2004, White et al., 2005b, Jeon et al.,
2008). Moreover, cultured rat dorsal root ganglion (DRG) neurons can be excited and sensitized
by MCP-1 and the sensitization attenuated by inhibitors targeting PLCβ or PKC (Qin et al.,
2005, Jung et al., 2008). However, since these studies were performed in vitro, it is not known
whether MCP-1 acts on nociceptors to induce hyperalgesia. To determine whether MCP-1 can
induce mechanical hyperalgesia we studied the acute effect of intradermally administered
MCP-1. We found a rapid-onset mechanical hyperalgesia with a significant decrease in the
paw-withdrawal threshold already detectable after 15 min, which lasted for 24 h. These results
are consistent with a previous report showing that mice lacking CCR2 have impaired
neuropathic pain (Abbadie et al., 2003).

The phenotypic differences between NGF- and GDNF- dependent nociceptors and the different
termination areas of their peripheral and central projections suggesting that they represent
different functional classes, which sense and transmit different aspects of pain-related
information to the spinal cord (Snider and McMahon, 1998, Stucky and Lewin, 1999). To
analyze if MCP-1 hyperalgesia is mediated by IB4+/Ret+- subset of primary afferents we
determined the effect of IB4-saporin, a selective toxin for IB4+/Ret+-nociceptors (Vulchanova
et al., 2001, Gerke and Plenderleith, 2004, Nishiguchi et al., 2004, Joseph et al., 2008).
Pretreatment with IB4-saporin almost completely eliminated MCP-1 hyperalgesia, supporting
the idea that MCP-1 is producing hyperalgesia by acting on just one subset, the Ret+/IB4+-
subpopulation of sensory neurons. To confirm the specificity of IB4-saporin for Ret+/IB4+-
sensory afferents we also tested the effect of IB4-saporin on NGF-induced hyperalgesia. IB4-
saporin had no effect on NGF-hyperalgesia. On the other hand, Trk A antisense attenuated
NGF-hyperalgesia but had no effect on MCP-1 hyperalgesia. Taken together, these data
strongly support the suggestion that MCP-1 induces hyperalgesia by acting on Ret-expressing,
IB4-binding nociceptors.

That MCP-1 induced mechanical hyperalgesia is mediated by IB4+/Ret+-nociceptors does not
necessarily mean that MCP-1 sensitizes IB4+/Ret+ -sensory terminals directly. As CCR2
expression has been reported to be low in naïve animals (Bhangoo et al., 2007, Menetski et al.,
2007), it is more likely that MCP-1 acts on a CCR2-expressing cell type, e.g. keratinocytes or
a resident subset of monocytes/macrophages that – in turn – releases a soluble factor that
selectively sensitizes the sensory terminals of IB4+/Ret+-nociceptors (Menetski et al., 2007).
However, the situation might change under inflammatory conditions, when also IB4+/Ret+-

Bogen et al. Page 5

Neuroscience. Author manuscript; available in PMC 2010 March 17.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



sensory afferents up-regulate their expression of CCR2 (Bhangoo et al., 2007, Jung et al.,
2008).

We have recently shown that the extracellular matrix molecule versican is one of the molecules
rendering Ret-expressing sensory afferents IB4(+)-positive (Bogen et al., 2005). Versican
carries several chondroitin sulfate glycosaminoglycan side chains that have been shown, in
vitro, to bind chemokines such as MCP-1 and that are known to attract mononuclear leukocytes
(Hirose et al., 2001, Kawashima et al., 2002), which can also contribute to pain (White et al.,
2005a). We therefore speculated that the chondroitin sulfate glycosaminoglycan chains on
versican also immobilize the MCP-1 that is released by the peripheral terminals of Ret+/
IB4+-sensory afferents under inflammatory conditions. In a first test of this hypothesis we
intrathecally administered antisense ODN for versican mRNA and analyzed if this treatment
affects MCP-1 hyperalgesia. That the antisense ODN we used to downregulate the expression
of versican in sensory neurons is effective has been demonstrated previously (Bogen et al.,
2008). Indeed, spinal administration of antisense targeting versican attenuates MCP-1
hyperalgesia, but not NGF hyperalgesia, supporting the idea that versican might function as a
low affinity receptor for MCP-1.

That a knockdown of the expression of versican attenuates MCP-1 hyperalgesia might be due
to a downregulation of the versican level in the periphery, at the central synapses in the spinal
dorsal horn, where versican might stabilize synaptic connections between the central terminals
of Ret+/IB4+-sensory afferents and secondary projection neurons or both (Bogen et al., 2005,
Yamagata and Sanes, 2005). To test the hypothesis that the inhibition of MCP-1 hyperalgesia
is caused by a peripheral attenuation of the versican expression we tested the effect of
intradermal administered ADAMTS-4, a matrix metalloprotease that has already been shown
to degrade, beside others, versican (Sandy et al., 2001, Westling et al., 2004). Indeed,
intradermal administration of ADAMTS-4 has the same effect on MCP-1 hyperalgesia as
intrathecal antisense to versican, further substantiating our idea that MCP-1 hyperalgesia is
dependent on the presence of versican at the peripheral terminals of Ret+/IB4+-fibers. Finally,
to test the suggestion that it is versicans sulfated glycosaminoglycan chains that are retaining
MCP-1 at the cell surface of Ret+/IB4+-nociceptors we analyzed the effect of chondroitinase
ABC on MCP-1 hyperalgesia. Pretreatment with chondroitinase ABC almost completely
eliminated MCP-1 hyperalgesia without affecting that induced by NGF, again supporting the
suggestion that versican might serve as a low-affinity receptor for MCP-1.

If all versican does is to concentrate released MCP-1 locally to attract monocytes/macrophages
intradermal MCP-1 should produce mechanical hyperalgesia, no matter if versican is present
at the peripheral sensory terminals or not. However, many chemokines including MCP-1 have
to form dimers or higher order oligomers to induce signal transduction (Zhang and Rollins,
1995, Proudfoot et al., 2003) and it has been shown that the assembly of chemokines into
biologically active complexes is coupled to the binding to sulfated glycosaminoglycans either
at the cell surface or within the extracellular matrix (Hoogewerf et al., 1997, Crown et al.,
2006).

Taken together, our data support the suggestion that the MCP-1 that is upregulated in Ret+/
IB4+-nociceptors under inflammatory conditions is retained by versicans sulfated
glycosaminoglycan side chains to create the chemotactic gradient that attracts CCR2
expressing monocytes/macrophages and to allow the formation of biologically active MCP-1
dimers. The high concentration of biologically active MCP-1 surrounding the peripheral
terminals of Ret+/IB4+-nociceptors contributes to the mechanical hyperalgesia under
inflammatory conditions either directly, by activating IB4+/Ret+-sensory terminals or
indirectly, by activating a CCR2 expressing cell-type that – in turn – activates IB4+/Ret+-
nociceptors.
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Figure 1. MCP-1 induces mechanical hyperalgesia
(A) Dose-response curve for the effect of intradermal MCP-1 on mechanical nociceptive
threshold following administration into the dorsum of the rat hind paw. Incremental doses from
100 pg to 1μg were administered at 30 min intervals. A one-way repeated measures ANOVA
(5 different doses) showed a significant effect of dose [F(4,28) = 77.912, P < 0.001]. Within-
subjects pair wise contrasts showed that only the two lowest doses were not significantly
different from each other (P < 0.077); the highest three doses were each significantly different
from the lowest dose. A maximal decrease in the nociceptive threshold was obtained at 100 ng
MCP-1.
(B) The time-response curve for hyperalgesia induced by 100 ng MCP-1 was investigated from
5 min to 24 hrs (n = 12). Mechanical hyperalgesia was first detectable at 15 min, reached a
maximum 30 min post-injection, and lasted for 24 hrs.
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Figure 2. MCP-1 hyperalgesia is dependent on IB4 (+)-nociceptors
(A) MCP-1 but not NGF hyperalgesia was inhibited by intrathecal administration of IB4-
saporin. A two-way ANOVA with two between subjects factors (intrathecal vehicle or IB4-
saporin; and intradermal MCP-1 or NGF) showed a significant intrathecal × intradermal
treatment interaction [F(1,20) = 144.882, P < 0.001], a significant main effect of intrathecal
treatment [F(1,20) = 115.09, P < 0.001] and a significant effect of intradermal treatment [F
(1,20) = 84.638, P < 0.001]. Since the interaction was significant the groups receiving MCP-1
were analyzed separately from those receiving NGF with one-way ANOVAs. The effect of
MCP-1 was significantly attenuated in the group that received IB4-saporin compared to the
vehicle treated group [F(1,10) = 304.357, P < 0.001], indicating the dependence of MCP-1
induced hyperalgesia on IB4-binding sensory neurons. There was no significant difference
between the two groups receiving NGF.
(B) NGF but not MCP-1 hyperalgesia could be blocked by intrathecal administration of
antisense oligodeoxynucleotides to Trk A mRNA. A two-way ANOVA with two between
subjects factors (intrathecal antisense or mismatch ODNs; and intradermal MCP-1 or NGF)
showed a significant intrathecal × intradermal treatment interaction [F(1,20) = 81.728, P <
0.001], a significant effect of intrathecal treatment [F(1,20) = 57.015, P < 0.001] and a
significant effect of intradermal treatment [F(1,20) = 36.039, P < 0.001]. Because the
interaction was significant, the groups receiving NGF were analyzed separately from those
receiving MCP-1 with one-way ANOVAs. The effect of NGF was significantly attenuated in
the group that received antisense ODNs for trk A mRNA compared to the group treated with
mismatch ODNs [F(1,10) = 84.747, P < 0.001], indicating the dependence of NGF induced
hyperalgesia on trk A-expressing sensory neurons. There was no significant differences
between the two groups receiving MCP-1.
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Figure 3. MCP-1 hyperalgesia is dependent on versican
MCP-1 but not NGF hyperalgesia could be blocked by intrathecal administration of antisense
oligodeoxynucleotides to versican mRNA. A two-way ANOVA with two between subjects
factors (intrathecal antisense or mismatch ODNs; and intradermal MCP-1 or NGF) showed a
significant intrathecal × intradermal treatment interaction [F(1,20) = 49.083, P < 0.001], a
significant effect of intrathecal treatment [F(1,20) = 88.387, P < 0.001] and a significant effect
of intradermal treatment [F(1,20) = 56.913, P < 0.001]. Because the interaction was significant,
the groups receiving MCP-1 were analyzed separately from those receiving NGF with one-
way ANOVAs. The effect of MCP-1 was significantly attenuated in the group that received
antisense ODNs for versican compared to the mismatch treated group [F(1,10) = 84.747, P <
0.001], indicating the dependence of MCP-1 induced hyperalgesia on versican expressing IB4-
(+) sensory neurons. There was no significant difference between the two groups receiving
NGF.
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Figure 4. MCP-1 hyperalgesia is dependent on peripheral versican
MCP-1 but not NGF hyperalgesia could be blocked by intradermal administration of
ADAMTS-4 or chondroitinase ABC, two enzymes that are known to affect versican integrity
either by the degradation of the versican core-protein or its chondroitin sulfate
glycosaminoglycan side chains. The effect of ADAMTS-4 and chondroitinase ABC on
MCP-1- and NGF-induced hyperalgesia was examined using separate one-way ANOVAs with
one between subjects factors with 3 different levels (vehicle, MCP-1, NGF). The groups
receiving ADAMTS-4 or chondroitinase ABC demonstrated significant differences [F(2,21)
= 99.478, P < 0.001 for ADAMTS-4 and F(2,21) = 50.968, P < 0.001 for chondroitinase ABC].
Scheffe’s post hoc analysis showed that for both enzymes the groups receiving MCP-1 or
vehicle were not significantly different from each other but both were significantly different
from the group receiving NGF (P < 0.001 in both cases).
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