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Co-localization of metabotropic glutamate receptor 2 with ASIC3 or
TRPV1 in the dorsal root ganglion of rat®
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Abstract Metabotropic glutamate receptor (mGluR) 2/3 plays an important role on the nociceptive transmission from periphery to spinal
cord. The previous studies demonstrated that mGluR2 can contribute to mechanical hypersensitivity and thermal hypersensitivity in rat.
Therefore, in the present study, by using the immunofluorescence histochemical technique, we try to explore that whether mGluR2 is co-
localized with acid-sensing ion channel 3 (ASIC3), a multi-modulator of mechanosensation, or transient receptor potential/vanilloid recep-
tor subtype-1 (TRPV1), which responses for thermosensation in dorsal root ganglion ( DRG). Morphological observations showed that
mGluR2-immunoreactivity was mainly distributed in cellular plasma of neurons in DRG. The counting number results indicated that 35.
84% of DRG neurons were mGluR2-immunoreactive (ir). On the other hand, 82.61% of mGluR2-ir cells were the small-diameter neu-
rons (diameter: <30 wm), 5.79% of which were the medium-diameter neurons ( diameter: 30 ~50 wm) and 11.59% of which was the
large-diameter neurons ( diameter: >50 pm). Furthermore, 42.45% and 79.78% of mGluR2-ir cells was individually co-localized with
ASIC3- or TRPV1-ir in small-diameter neurons in the double-labeled immunofluorescence sections. The present results suggest that
mGIluR2 mainly exists in small neurons of the DRG, which are regarded as nociceptors consisting of A3- and C-fibers. While mGluR2 is
highly co-localized with ASIC3 and TRPV1, implying their potential relationship in DRG may be involved in mechanical hypersensitivity

and thermal hypersensitivity.
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Sensory neurons in DRG play crucial roles in noci-
ceptive apperceive and transmission, and DRG is one
mainly location of mGluR2/3 production!’!. After syn-
thesized in DRG, mGluR2/3 is transported to periph-
ery and spinal cord, accordingly, peripheral inhibitory
role!”” and spinal facilitatory role!® of mGluR2/3
have reported by previous studies, these lines of evi-
dence further reflect the importance of mGluR2/3 in
DRG. However,

mGluR2/3 also express other pain-related substances

whether the neurons containing

in DRG are not known.

ASIC3 is a key component of receptor complexes that
detect some cutaneous touch and painful stimuli'’).
Loss of ASIC3 increases the sensitivity of mechanore-
ceptors detecting light touch and reduces the sensitivity
of a mechanoreceptor responding to noxious pinch and
decreases the response of acid- and noxious heat-sensi-
tive nociceptors'’’. Furthermore, ASIC3 modulates the

81 It is no-

moderate- to high-intensity pain sensation
tably that ASIC3 is especially expressed in DRG",
The multiple roles and peculiar location in DRG of
ASIC3 combined the function of mGluR2/3 in mechan-
ical hypersensitivity drive us to take both them into ac-
count.

TRPV1 is a non-selective cation channel and func-
tions as a transducer of painful thermal stimuli in vi-
vo!". Tt can be activated by vanilloid compounds,
proton, or heat ( > 43°C)"M"1 Although TRPV1
knockout mice show normal responses to noxious me-
chanical stimuli but exhibit no vanilloid-induced pain
behavior and are impaired in the detection of painful
heat, and show little thermal hypersensitivity in the
setting of inflammation'™’. TRPV1 is expressed in
both the peptide-containing and the nonpeptide primary

U821 Therefore

afferent neurons in DRG neurons
considering of the functions of TRPV1 on normal ther-
mal sensation and thermal hypersensitivity combine
with the role of mGluR2/3 in the thermal hypersensi-
tivity, we are going to detect whether mGluR2 is co-lo-

calized with TRPV1 in DRG neurons.
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Materials and Methods

1. Animals and tissue preparation

Adult male SD rats (body weight 200 g) from the
Animal Centre of Fourth Military Medical University
were employed in the present study. Four of rats were
anesthetized deeply by intraperitoneal injection of sodi-
um pentobarbital (40 mg/kg body weight). The anes-
thetized animals were firstly perfused transcardially
with 0. 01 mol/L PBS and followed with 0.1 mol/L PB
(pH7.3) containing 4% paraformaldehyde and 0.2%
picric acid. Afterwards, 14 — L5 DRGs were removed
and cut into 10 wm thick sections longitudinally on a
cryostat. The sections were consecutively collected and
divided into three sets. The first and second sets of the
were detected double-labeled results of
mGluR2/ASIC3 or mGluR2/TRPV1. The third set of

the sections were stained with 0. 1% cresyl violet.

sections

2. Immunofluorescence histochemical staining

For immunofluorescence histochemical staining, the
sections were incubated with a mouse-anti mGluR2 an-
tibody (1:500, GeneTex) and rabbit-anti ASIC3 (1:
200, Sigma) or rabbit-anti TRPV1 (1:500, Sigma)
72 h at 4°C. Subsequently, the sections were incuba-
ted with biotinylated donkey-anti mouse IgG (1: 200,
Chemicon) and FITC labeled donkey anti-rabbit IgG
(1:200, Chemicon) for 4 h. Lastly, the sections were
incubated with Cy3 combined avidin complex (1:
1000, Jacksons) for 1 h. In the control experiments,
the primary antibodies against mGluR2, ASIC3 or TR-
PV1 were replaced with normal IgG and in these con-
trol experiments no mGluR2-ir and ASIC3-ir or TR-
PV1-ir were detected.
3. Quantitative analysis

The images were captured by using a confocal laser-
scanning microscope ( FV1000; Olympus) and an light
microscope ( AH-3, Olympus). Cell body diameters of
DRG neurons were measured under the light micro-

scope by using an imaging system equipped with an
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eyepiece micrometer ( Q5S00MC; Leica) and the confo-
cal laser-scanning microscope. The average diameters
of fluorescently labeled and cresyl violet-stained DRG
neurons were calculated by averaging the major diame-
ter with the minor diameter; the major and minor diam-
eters were the longest and shortest axes through the nu-
cleus, respectively. Eight of the biggest sections of
each DRG were selected to count and the averaged
count number for each section was used as the mean.
Percentages of single-labeled neurons were calculated
by dividing the numbers of single-labeled neurons by
the total cresyl violet-stained DRG cell number x 100.
Percentages of double-labeled neurons were calculated
by dividing numbers of double-labeled neurons by
numbers of single-labeled neurons x 100. These data
are presented as the percentage of the total and the la-

beled population in each section.

Results

1. Single-labeled for mGluR2

Under the confocal laser-scanning microscope,
mGluR2-ir was mainly observed in cellular plasma of
soma in small-diameter neurons in DRG. Few large-
and medium-diameter neurons were detected to be
mGluR2-ir. Combined with Nissl staining, the count
numbers displayed that 35. 84% (138/385) of DRG
cells were mGluR2-ir. Among them, 82.61% (114/

138) of mGluR2-ir cells were small-diameter neurons

(diameter; <30 pm), 5.79% (8/138) of which
were medium-diameter neurons ( diameter: 30 — 50
pm) and 11.59% (16/138) of which were large-di-
ameter neurons ( diameter: > 50 um) (Figs. 1A,
1D).
2. Co-localization of mGluR2 and ASIC3

Many previous studies proof that mGluR2/3 is in-
volved in modulation or facilitation of mechanical hy-

(3.4.14.5] " To explore the likely mecha-

persensitivity
nism, we studied the co-localization of mGluR2 and
ASIC3 in DRG. ASIC3-ir cells were mainly observed
in cellular plasma in the small-diameter neurons in
DRG, Also, few large-diameter neurons and medium-
diameter neurons were ASIC3-ir ( Figs. 2B,2E). The
results of counting cell numbers displayed that 22.
08% (85/385) of DRG neurons were ASIC3-ir. A-
mong them, 75.29% (64/85) expressing ASIC3-ir
cells were small-diameter neurons, however, only 9.
41% (8/85) and 15.29% (13/85) expressing
ASIC3-ir cells were medium- and large-diameter cells,
respectively. Furthermore, 4245% expressing mGluR2-
ir in small-diameter cells were ASIC3- ir ( Figs. 2C,
2F; Table 1). Although the percentages of co-localiza-
tion of mGluR2 and ASIC3 were largely higher in large-
and medium-diameter cells than in small-diameter
cells, the total number of co-localization of mGluR2-ir
and ASIC3-ir individually in large- and medium-diame-

ter cells should be taken into account ( Table 1).

Tablel Percentages of co-localization of mGluR2-ir with ASIC3-ir neurons
Single-labeled neurons Double-labeled neurons Percentage of double-labeled Percentage of double-labeled
mGluR2 ASIC3 mGluR2/ASIC3 neurons in mGluR2 neurons (% ) neurons in ASIC3 neurons (% )
small-diameter 61.83+8.98 19.67 +5.35 45.00 £3. 66 42.45 70.31
medium-diameter 2.67 x1.51 1.33+1.11 6.83+1.01 71.89 83.70
large-diameter 7.5 +4.36 5.00x1.41 8.83 +2.46 54.07 63.85

Table2 Percentages of co-localization of mGluR2-ir with TRPV1-ir neurons

Single-labeled neurons

Double-labeled neurons

Percentage of double-labeled Percentage of double-labeled

mGluR2 TRPV1 mGluR2/TRPV1 neurons in mGluR2 neurons (% ) neurons in TRPV1 neurons (% )}
small-diameter 25.00 +4.04 33.17x7.12 97.33 £4.24 79.78 74.58
medium-diameter 4.17 £1.45 0.33 £0.61 3.67+1.17 46.87 91.75
large-diameter 8.00+1.32 0.33 £0.46 7.67+1.78 48.95 95.87
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3. Co-localization of mGluR2 and TRPV1
Participation of mGluR2 in thermal nociception has
been reported, especially in peripheral site!”!. Here-
by, we also detected whether mGluR2 is co-localized
with TRPV1. Similar to the previous study that TR-
PV1-ir was distributed in cellular plasma of soma in the
small-diameter neurons in DRG ( Figs. 3B,3E). Very
few large- or medium-diameter neurons were TRPVI-
ir. The resulis of counting cell number showed that 36.
62% (141/385) of DRG cells were expressed TRPV1-
ir. Among them, 92.20% (130/141) expressing TR-
PV1-ir cells were small-diameter cells. It is notably
that 79. 78% expressing mGluR2-ir were TRPV1-ir in
small-diameter neuron, which is dramatically higher

percentage than that of mGluR2 co-localization with
ASIC3 (Figs.3C,3F; Table2).

Discussion

Differently from previous reports in which mGluR2/3
positive results were shown, in the present study
mGIluR2 subtype was investigated to indicate the per-
centage of DRG neurons that was single-labeled for
mGluR2. Similar to the previous research!''®! that in
the present study mGluR2 is mainly distributed in
small-diameter neurons, and also few large- and medi-
um-diameter neurons containing mGluR2. The propor-
tion of co-localization of mGluR2 and ASIC3 is almost
half of mGluR2-containing cells and 70% of ASIC3-
containing cells in small-diameter neurons. The large-
diameter neurons-containing both mGluR2 and ASIC3
should be notebly because ASIC3-ir small and large
neurons are responsible for hyperalgesia induced by

"7 The proportion of co-localiza-

spinal nerve ligation
tion of mGluR2 and TRPV1 is almost 80% of mGluR2-
containing cells and 75% TRPV1-containing cells in
small-diameter neurons. These suggesting the potential
involvements of mGluR2 in mechanical hypersensitivity
and thermal hypersensitivity are mediated by ASIC3
and TRPV1 individually in DRG
1. Functional relevance of co-expressing mGluR2
and ASIC3 in small-diameter neurons
The involvement of mGluR2/3 in mechanical hyper-

sensitivity has been well-documented. Peripheral ad-

ministrations of agonists of mGluR2/3 produce a rever-
sal of capsaicin-, PGE2-, carrageenan- and inflamma-
tory soup-induced respectively mechanical sensitization
and modulate endogenous anti-allodynia effects'>>""*!.
Although there is evidence that this inhibitory effect
might be mediated via C-mechanoheat fiber'”!, the
other primary afferent fiber, such C-mechanonocicep-
tors and Ad-fiber, even AB-fiber are not excluded to
the involvement of the mechanical hypersensitization.
In periphery, ASIC3 exists in some, but not all, free
nerve ending ( which belongs to myelinated or unmyeli-
nated nociceptors ) running in the epidermal layer of
the mouse paw pad'”’. In addition, ASIC3 mRNA is
expressed in 50% of SP-positive and 43% of 1B4-posi-
tive cells and complete Freund’s adjuvant-induced in-
flammation increases ASIC3 transcript in small DRG

[10]

neurons Furthermore, there is a significant in-

crease in the response frequency for the ASIC3-/- mice

71 and

3 h after carrageenan-induced inflammation
dominant-negative ASIC3 mice display lower threshold
force to von-Frey filament stimuli and greater mechani-
cal hypersensitivity after zymosan injection[m. There-
fore, ASIC3 as a proton-gated cation channel, com-
bined the previous evidence with the present co-locali-
zation of mGluR2 and ASIC3, we postulate that the in-
volvement of mGluR2/3 in mechanical hypersensitivity
polentially mediated by activation of ASIC3 in DRG.
2. Functional relevance of co-expressing mGIluR2
and TRPV1 in small-diameter neurons

The involvement of mGluR2/3 in thermal hypersen-
sitivity has been mentioned in the previous researches.
Peripheral activation of mGluR2/3 agonists blocks ther-
mal hyperalgesia induced by inflammatory soup, carra-

123141 Electrophysiology

geenan, PGE2, individually
evidence indicates that mGluR2/3 blocks PGE2 en-
hancement of capsaicin receptor function via a picrotox-
in-sensitive G-protein and inhibits adenylyl cyclase.
TRPV1 as the capsaicin receptor, can be directly acti-
{11,13]

vated by >429C heat stimuli . It is specifically
expressed in sensory neurons which are both peptide-
and nonpeptide-containing'"""'>). TRPV1-deficent mice
show impaired behavioral responses to noxious thermal
stimuli and reduced thermal hyperalgesia after complete

[13]

Freund’s adjuvant injection ~'. Therefore, combining
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with the high proportion of co-localization of mGluR2
and TRPV1, it is reasonable to deduce that the in-
volvement of mGluR2/3 in thermal hypersensitivity po-
tentially related to activation of TRPV1 in DRG.
Taken all together, our present study supplies the
first evidence about co-localizations of mGluR2 with
ASIC3 or TRPV1. The high proportion of co-localiza-
tion of mGIluR2 with ASIC3 and TRPV1 in small-diam-

eter neurons suggest the probably mechanism on the
contributions of mGluR2/3 in mechanical and thermal

hyperalgesia in primary afferent level.

( Received Mar. 29, 2008)

References

[ 1] Carlton SM, Hargett GL, Coggeshall RE. Localization of metabo-
tropic glutamate receptors 2/3 on primary afferent axons in the rat.
Neuroscience,, 2001 ;105 ;957 - 969

[ 2] Yang D, Robert W, Gereau IV RW. Peripheral group II metabo-
tropic glutamate receptors { mGluR2/3) regulate prostaglandin E2-
mediated sensitization of capsaicin responses and thermal nocicep-
tion. J Neurosci, 2002 ;22,6583 — 6393

[ 3] Yang D, Gereau IV RW. Peripheral group II metabotropic gluta-
mate receptors mediate endogenous anti-allodynia in inflammation.
Pain, 2003;106.:411 -417

[ 4] Soliman AC, Yu JSC, Coderre TJ. mGlu and NMDA receptor con-
tributions to capsaicin-induced thermal and mechanical hypersensi-
tivity. Neuropharmacology, 2005 ;48 :325 -332

[ 5] DuJ, Zhou S, Carlton SM. Group II metabotropic glutamate recep-
tor activation attenuates peripheral sensitization in inflammatory
states. Neuroscience, 2008 ;154 ;754 - 766

[ 6] Yoon MH, Choi JI, Bae HB et al. Antinociceptive effects and syn-
ergistic interaction with morphine of intrathecal metabotropic gluta-
mate receptor 2/3 antagonist in the formalin test of rats. Neurosci

Lett, 2006;394.222 -226

[ 7] Price MP, Mecllwrath SL, Xie JH et al. The DRASIC cation channel
contributes to the detection of cutaneous touch and acid stimuli in
mice. Neuron, 2001;32;:1071 - 1083

[ 8] Chen CC, Zimmer A, Sun WH et al. A role for ASIC3 in the mod-
ulation of high-intensity pain stimuli. PNAS, 2002;99.8992 -
8997

[ 9] Chen CC, England S, Akopian AN et al. A sensory neuron-specif-
ic, proton-gated ion channel. PNAS, 1998;95.10240 - 10245

[10] Voilley N, Weille J, Mamet J et al. Nonsteroid anti-inflammatory
drugs inhibit both the activity and the inflammation-induced expres-
sion of acid-sensing ion channels in nociceptors. J Neurosci,
2001;21 :8026 - 8033

[11] Caterina MJ, Schumacher MA, Tominaga M et al. The capsaicin
receptor: a heat-activated ion channel in the pain pathway. Na-
ture, 1997;389.816 - 824

[12] Tominaga M, Caterina MJ, Malmberg AB et al. The cloned capsai-
cin receptor integrates multiple pain-producing stimuli. Neuron,
1998;21.531 - 543

[13] Caterina MJ, Leffler A, Malmberg AB et al. Impaired nociception
and pain sensation in mice lacking the capsaicin receptor. Science,
2000;288:306 - 313

[ 147 Jones CK, Eberle EL, Peters SC et al. Analgesic effects of the se-
lective group II (mGluR2/3) metabotropic glutamate receptor ago-
nists LY379268 and LY389795 in persistent and inflammatory pain
models after acute and repeated dosing. Neuropharmacology,
2005 ;49 :206 - 218

[15] Simmons RMA, Webster AA, Kalra AB et al. Group Il mGluR re-
ceptor agonists are effective in persistent and neuropathic pain mod-
els in rats. Pharmacol Biochem Behav, 2002 ;73:419 —427

[16] Carlton SM, Hargett GL. Colocalization of metabotropic glutamate
receptors in rat dorsal root ganglion cells. J Comp Neurol, 2007;
501:780 -789

[17] Omori M, Yokoyama M, Matsuoka Y et al. Effects of selective spi-
nal nerve ligation on acetic acid-induced nociceptive responses and
ASIC3 immunoreactivity in the rat dorsal root ganglion. Brain Res,
2008;1219:26 -31

[18] Mogil JS, Breese NM, Witty MF et al. Transgenic expression of a
dominant-negative ASIC3 subunit leads to increased sensitivity to
mechanical and inflammatory stimuli. J Neurosci, 2005 ;25 :9893
-9901



