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a  b  s  t  r  a  c  t

AT2  receptor  (AT2R)  plays  a functional  role  in  foetal  development.  Its  expression  declines  in  most  tissues
soon  after  birth  but  stays  high  in  sensory  areas  of the  adult  nervous  system.  In the  dorsal  root  ganglia  (DRG)
the expression  pattern  of  AT2R  during  development  and  the  identity  of  the  subpopulation  expressing  it
remain  unknown.  Using  a combination  of  semi-quantitative  PCR,  western  blotting  and  immunohisto-
chemistry  we  examined  the expression  of  AT2R  at mRNA  and  protein  levels  in  rat  DRGs  from  embryonic
day  15  (E15)  until  postnatal  day  30 (PN30).  We  found  that both  AT2R  mRNA  and  protein  levels  exhibited
only  minor  (statistically  non-significant)  fluctuations  from  E15  to  PN30.  Detailed  quantitative  analysis
of ABC/DAB  AT2R  staining  showed  a)  that  the  receptor  was  present  in  most  neurons  at  E15  and  E18  and
b)  that  postnatally  it was  predominantly  expressed  by  small  DRG  neurons.  Given  that  small  neurons  are
putative  C-nociceptors  and  the  proposed  role  of  AT2R  in neuropathic  pain,  we  next  examined  whether
these  AT2R-positive  neurons  co-localized  with  Ret  and trkA  embryonically  and  with  IB4-binding  post-
rkA natally.  Most  AT2R-positive  neurons  expressed  trkA  embryonically  and  bound  IB4  postnatally.  We  found
strong  positive  statistically  highly  significant  correlations  between  AT2R  cytoplasmic%intensities  and
trkA  at  E15/E18  and  with  Ret  only  at E18.  Cytoplasmic  AT2R  also  strongly  and  positively  correlated  with
IB4-binding  at  PN3,  15 and  30.  Our  demonstration  that  a subpopulation  of  C-nociceptor-like  neurons
expresses  AT2R  during  development  supports  a role  for this  receptor  in  neuropathic  pain.

©  2016  ISDN.  Published  by  Elsevier  Ltd.  All  rights  reserved.
. Introduction

Angiotensin-II (Ang-II) receptors are present in the spinal
ord and dorsal root ganglia (DRG) (Ahmad et al., 2003; Oldfield
t al., 1994). Adult rat and human DRG neurons also express
ngiotensinogen, the synthesizing enzymes cathepsin-D, ACE and
he angiotensin receptors type-1 (AT1R) and type-2 (AT2R) (Anand
t al., 2013; Chakrabarty et al., 2008; Patil et al., 2010; Pavel et al.,
008). Thus, a functional renin-angiotensin system is present in
RG neurons and may  be involved in the genesis and maintenance
f pain (Bali et al., 2014; Chakrabarty et al., 2013; Patil et al., 2010).
Recently, several synthetic drugs with antagonist effect on AT2R
ere reported to attenuate prostate cancer induced bone pain

Muralidharan et al., 2014), alleviate neuropathic pain (Anand et al.,

Abbreviations: DRG, dorsal root ganglia; GAPDH, glyceraldehyde-3-phosphate
ehydrogenase; AT2R, angiotensin-II type 2 receptor; IB4, isolectin B4; Ret, receptor

or  the glial-derived growth factor; GDNF, glial-derived neurotrophic factor; trkA,
ropomyosin receptor kinase A; Adr, Adrenal cortex.
∗ Corresponding author.

E-mail address: cacosta@fcm.uncu.edu.ar (C. Acosta).

ttp://dx.doi.org/10.1016/j.ijdevneu.2016.11.001
736-5748/© 2016 ISDN. Published by Elsevier Ltd. All rights reserved.
2015; Rice et al., 2014; Smith et al., 2013) and reverse hypoesthe-
sia induced by M. ulcerans in the Buruli ulcer (Anand et al., 2016;
Marion et al., 2014). However, the molecular and cellular bases of
these actions of AT2R remain poorly understood. To advance our
knowledge of the role of AT2R in pathological pain, it is essential to
establish what DRG neuronal subpopulations express this receptor.

The DRG comprise subpopulations of neurons with distinct
anatomical, electrophysiological and neurochemical characteris-
tics (Krames, 2014; Lawson, 2002; Liu and Ma,  2011). There is a
significant correlation between action potential conduction veloc-
ity (CV) and cross-sectional area. Thus we  recognise three main
neuronal subpopulations: neurons with C-fibres (small, slowly
conducting, unmyelinated), A� (medium, fast conducting, weakly
myelinated) and A� /� (large, fastest, heavily myelinated) (Lawson
and Waddell, 1991; Lawson, 2002). To play a role in pain, AT2R must
be located in nociceptors. This subpopulation includes neurons that
bind either the Isolectin-B4 (IB4-positive) or that express trkA (the
high-affinity receptor for NGF) or both. Each group contributes

∼30% of the C-nociceptors in lumbar DRGs. IB4-positive neurons
have C-fibres, are non-peptidergic and predominantly innervate
cutaneous and visceral targets (Fang et al., 2006; Zylka et al., 2005).
In the adult rat, trkA-positive neurons are peptidergic and variable

dx.doi.org/10.1016/j.ijdevneu.2016.11.001
http://www.sciencedirect.com/science/journal/07365748
http://www.elsevier.com/locate/ijdevneu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijdevneu.2016.11.001&domain=pdf
mailto:cacosta@fcm.uncu.edu.ar
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n size; include C, A� and A� nociceptors and mediate the pro-
lgesic actions of NGF in inflammatory and neuropathic pain (Fang
t al., 2005a; Jankowski and Koerber, 2010; Woolf and Ma,  2007).

Developmentally, C-fibres are generated during a second and
hird wave of embryonic neurogenesis in the DRG and all initially
xpress trkA (Liu and Ma,  2011). In mice, at embryonic day 15.5
ome of these trkA-positive neurons began to switch to small Ret-
ositive. After birth, these neurons also express the GDNF-family
f receptors (GFR�1, 2 and 3) and bind IB4 (Golden et al., 2010;
olliver et al., 1997). Where AT2R fits in this complex picture of

ociceptor differentiation is unknown.
The purpose of this work was two-fold: first, to describe the

attern of expression of the AT2R mRNA and its protein in the rat
RG throughout development. Second, we aimed to identify what
euronal subpopulation express AT2R, using classification by size
nd also the phenotypic markers Ret/trkA and IB4-binding.

. Materials and methods

We  used Wistar rats of 2 embryonic (E15 and E18) and 3 post-
atal (PN3, 15 and 30) ages. E0 was defined as the day of mating;
N0 was the day of birth. All procedures had been approved by the

nstitutional Animal Care and Use Committee (CICUAL #31/2014)
f the School of Medical Sciences, UNCuyo.

.1. Semi-quantitative RT-PCR

mRNA levels were determined by RT-PCR following previously
ublished protocols (Kunda et al., 2014; Marsh et al., 2012). mRNA
as extracted using RNeasy (Qiagen) from whole L4/L5 DRGs (this

quates to 4 DRG per animal) at each age (5 rats per age). cDNA was
ynthesized from 200 ng total RNA using the M-MLV  kit (Promega).
T2R and GAPDH mRNA were detected using Taq polymerase

Invitrogen) with 35 and 30 cycles, respectively. We  performed
 negative control containing RNA instead of cDNA to rule out
enomic DNA contamination.

Primers sequences were: AT2R forward
′-CAACTTCAGTTTTGCTGCCAC-3′; reverse 5′-
AGGTCCAAAGAGCCAGTCAT-3′, predicted size 335 bp. For
APDH, forward 5′-GGTGCTGAGTATGTCGTGGA-3′ and reverse 5′-
GATGCAGGGATGATGTTCT-3′, predicted size 340 bp. All primers
ere custom-designed and checked using Primer-BLAST. Images

f the RT-PCR SYBR Safe (Molecular Probes) stained agarose gels
ere acquired with an LAS-4000 system (Fujifilm) and quantified
ith ImageJ software, see Kunda et al. (2014).

.2. Western blots (WB)

WB  were performed as previously described (Acosta et al.,
014). Total protein was extracted from whole L4/L5 DRGs
t each age (3 rats per age) using Laemmli buffer supple-
ented with a protease/phosphatase inhibitor cocktail (HALT,

hermofisher). Samples of ∼20 �g of total protein were run in
–10% polyacrylamide gels and transferred to a PVDF membrane
Amersham) before blotting. Membranes were probed with 1:1000
oat anti-AT2R (Santa Cruz Biotechnology Cat# sc-48452, K15,
RID:AB 2225720) and 1:2000 mouse anti-�-tubulin (eBioscience,
4–4502-80, RRID:AB 1210457) as loading control. The anti-AT2R
ntibody has been characterized and it is selective unlike other
ommercially available antibodies (Anand et al., 2013; Hafko et al.,
013).
Protein bands were developed using ECLPlus (Amersham) and
isualized with LAS-4000 system (Fujifilm). WBs  were replicated

 times and quantification was conducted as previously described
Kunda et al., 2014).
oscience 56 (2017) 10–17 11

2.3. Immunohistochemistry

L4/L5 DRGs from 4 rats per age were fixed in Zamboni’s fixative
and stored overnight at 4 ◦C in 30% sucrose. Tissue was then frozen
at −80 ◦C and cut in serial transverse 7 �m cryostat sections.

a. Avidin-biotin complex (ABC) immunohistochemistry was per-
formed as previously described (Acosta et al., 2012, 2014). The
anti-AT2R was  used at 1:200. For comparisons between differ-
ent ages, all sections were incubated simultaneously and treated
identically at all stages.

b. Double immunofluorescence was  conducted following previ-
ously published protocols (Acosta et al., 2014). Tissue was
incubated sequentially in the first primary antibody overnight
at 4 ◦C and in secondary antibody appropriate for that primary
antibody for 1hr at room temperature. We  used goat anti-
AT2R 1:200 (see Section 2.2); rabbit anti-Ret 1:500 (Santa Cruz
Biotechnology, sc-167, RRID:AB 631317) and mouse anti-trkA
1:500 (AbD Serotec, 7045-7040, RRID:AB 620277). Secondary
antibodies: anti-goat Alexa-594, anti-mouse Alexa-488 and anti-
rabbit Alexa-488, all 1:400 (Molecular Probes, Invitrogen). For
IB4-binding, tissue was incubated with IB4 conjugated with
Alexa-488 (1:500) (Bergman et al., 1999).

2.4. Image analysis

All analysis was  performed as previously detailed, see (Fang
et al., 2006), on images captured on a Nikon 80i microscope and
the measures were performed using HCImage (Hamamatsu). In the
co-localization studies, only neurons with visible nuclei were mea-
sured. An average of 6–8 fields at ×40 from mid-sections of L4/L5
DRGs were all captured at the same time with identical settings.
The cross sectional area and mean cytoplasmic pixel density were
determined for each neuron. The mean pixel densities of the 5 most
intensely stained and the 5 least intensely stained neurons in the
analysed section provided 100% and 0% values respectively.

Neurons were classed by size. For embryonic and early post-
natal DRG neurons only 2 groups can be discerned: small and
large. At E15, small, mechanical-insensitive neurons are those with
areas ≤100 �m2 while at E18 the limit is ∼120 �m2 (Lawson and
Biscoe, 1979; Lechner et al., 2009). Based on expression of the
neurofilament of 200 kDa, which labels large, myelinated neu-
rons (Lawson et al., 1984), the boundary moves to ∼300 �m2 at
PN3 and ∼350 �m2 at PN15 (Beland and Fitzgerald, 2001). At
PN30 we classed them as small (≤400 �m2, mostly C-fiber neu-
rons), medium-sized (400–800 �m2, mostly A�-neurons) and large
(>800 �m2 mostly A� /� neurons) see (Fang et al., 2005b).

2.4.1. Neurons classed as positive
For each antibody/marker, neurons were classed as positive on

the basis of percentage values of neurons that were blindly classed
subjectively as clearly stained above background. A subjective score
of 1 (visible staining) corresponded to objective AT2R values of
≥20% which were therefore classed as clearly positive.

2.5. Statistics

Because our data failed the Dı́Agostino-Pearson test for nor-
mality, non-parametric tests were used. Results are shown as
means ± SEM and comparison between multiple treatment groups
was with one way  Kruskal-Wallis ANOVA with Dunn’s multiple

comparisons test. Comparison between 2 treatments was with
Mann-Whitney test. All tests were performed with Prism 5 (Graph-
Pad). A level of p < 0.05 was  considered statistically significant.
Correlations were tested with Spearman’s non-parametric test.
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Fig. 1. Representative gels (A) and corresponding bar graphs (B) of semi quantitative
RT-PCR amplification products for AT2R mRNA relative to GAPDH. Note that the ratio
of  AT2R/GAPDH is similar at all ages examined (indicated at the bottom of the gels).
2 S. Benitez et al. / Int. J. Dev

ignificance is indicated on all graphs by *p < 0.05, **p ≤ 0.01,
**p ≤ 0.001, ****p ≤ 0.0001.

. Results

.1. Dorsal root ganglia express AT2R throughout development

Using real-time semi-quantitative PCR we found that AT2R
RNA was already detectable at embryonic day 15 (E15) and was

resent in all ages we examined up to postnatal day 30 (PN30)
Fig. 1A). Adrenal cortex (Adr) was used as positive control. Quan-
ification of the mRNA levels of AT2R relative to GAPDH showed
o significant differences amongst any age examined (mean ± SEM
atios ranging from 0.60 ± 0.10 at E15 to 0.67 ± 0.08 at PN30, n = 5,

 = 0.9321, Fig. 1B).
Albeit AT2R mRNA levels were similar throughout development,

ost-transcriptional regulation could result in uneven protein
xpression of this receptor. Thus, we next used WB analysis to
ddress this possibility. Despite small inter-animal variation (espe-
ially noticeable at E16) there were no apparent differences in
he expression level of AT2R between the different ages (Fig. 1C).
his was confirmed by quantification, with mean ± SEM ratios of
T2R to �-tubulin ranging from 0.27 ± 0.09 at E16 to 0.51 ± 0.05 at
18, n = 3, P = 0.2511, Fig. 1D). Thus, AT2R expression in the DRG is
etectable and remains essentially unaltered from E15 to PN30.

We  must consider that DRGs contain non-neuronal cells such
s vascular endothelium which can express AT2R. However, AT2R
RNA and protein are probably predominantly neuronal because

n rats, neurons plus fibres are a large proportion of DRG volume.
lso, there is scant evidence for AT2R expression in fibroblasts and
lial cells, the other cell types present in the DRG. Nevertheless, we
ent on to assess a) whether AT2R was indeed expressed by DRG

eurons and b) by what neuronal subpopulation, as this has impor-
ant bearings on the possible involvement of AT2R in pathological
ain.

.2. A subpopulation of small-sized neurons in the DRG expresses
T2R

Fig. 2A shows representative photomicrographs of AT2R ABC
mmunostaining in normal L4/L5 mid  DRG sections of different
ges. The bottom plot shows the mean cytoplasmic%intensities
±SEM) for E15 (43.5 ± 1.8, n = 158), E18 (39.6 ± 2.0, n = 129), PN3
45.6 ± 1.9, n = 146), PN15 (59.3 ± 2.7, n = 128) and PN30 (54.0 ± 2.8,

 = 119). AT2R mean%intensities were significantly higher at PN15
nd PN30 than at E15 and E18, with AT2R levels at PN15 also higher
han at PN3 (P < 0.001).

Image analysis showed that AT2R cytoplasmic%intensities was
ignificantly and positively correlated with cell area for E15 (Spear-
anı́s correlation rs = +0.36, P < 0.001) and E18 (rs = +0.23, P < 0.001)

Fig. 2B). However, this pattern was reverted and the AT2R cyto-
lasmic%intensities were significantly and negatively correlated
ith cell area at PN3, 15 and 30 (rs values of −0.22, −0.44 and
0.39 respectively, P < 0.001). Notice that DRG neurons with cyto-
lasmic%intensities (i.e. relative percentages of maximum) of AT2R
20% were classed as AT2R-positive, and those with <20% as AT2R-
egative (grey band, see Section 2.4).

To elucidate what neuronal subpopulation preferentially
xpresses AT2R, we classed the neurons according to their cross-

ectional areas (Fig. 2C). At E15, AT2R levels were higher in larger
eurons with no significant differences at E18 or PN3. At all other
ges examined, AT2R cytoplasmic%intensities were significantly
igher in small than in medium/large neurons (P < 0.0001, Fig. 2C).

mRNA was  extracted from 5 different animals for each age. Adrenal cortex (Adr)
mRNA was  used as a positive control. In all experiments, amplification of GAPDH
was  run in parallel to normalize samples. Data presented as the mean ± SEM of the
calculated ratios. C. Representative Western blots showing the expression of AT2R
from L4/5 DRG at different ages (each lane corresponds to a different rat). Mouse
�-tubulin was  used as loading control. D. Quantification of the WBs  showed that
L4/5 DRGs expressed comparatively similar levels of AT2R at all ages examined.
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Fig. 2. A. Representative photomicrographs of ABC/DAB staining of AT2R in L5 DRG mid-sections at the indicated ages and quantification of mean AT2R cytoplas-
mic%intensities. Scale bars are 20 �m.  B. Plots of AT2R cytoplasmic%intensities versus cross-sectional areas (in �m2) at each age examined. Spearmanı́s correlation values (rs)
a  switc
S 8, PN3
i

3

v

re  indicated in each plot. The grey band indicates negative levels. AT2R expression
catter  plots comparing AT2R levels in small (S) versus large (L) neurons for E15, E1
s  indicated by **p ≤ 0.01, ***p ≤ 0.001, ****p ≤ 0.0001.
.3. Embryonic AT2R: from trkA to ret

Prenatally, DRG neurons switch from NGF-dependence for sur-
ival and differentiation to depend on other neurotrophins, most
hed from predominant in large neurons at E15/18 to small neurons postnatally. C.
 and PN15. At PN30, DRG neurons are classed as S, medium (M)  and L. Significance
notably from the GDNF-derived family of trophic factors (Liu
and Ma,  2011; Molliver et al., 1997). This means switching from
trkA-positive at E15 to Ret-positive later on (Golden et al., 2010;
Kashiba et al., 2001). This switch is particularly important as a large
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Fig. 3. Representative 100× photomicrographs of AT2R (red), trkA (green) and AT2R/trkA overlap (yellow) (A) or AT2R (red) with Ret (green) and AT2R/Ret overlap (yellow)
(B)  in L5 DRG at E15 and E18. The far right plots in A show significant positive Spearmanı́s correlations for AT2R and trkA at both ages. In B, there is significant positive
S neuro
S erenc
a

n
(
l
a
w
t

p

pearmanı́s  correlations for AT2R and Ret at E15 and E18, but most AT2R-positive 

ignificance is indicated by **p ≤ 0.01, ****p ≤ 0.0001. (For interpretation of the ref
rticle.)

umber of these Ret-positive neurons will become IB4-binding
IB4-positive) nociceptors postnatally. Thus, we examined the co-
ocalization of AT2R with trkA (Fig. 3A) and Ret (Fig. 3B) at E15
nd E18. As expected, at E15 and E18 AT2R cytoplasmic%intensities
ere highly positively correlated with trkA. Notice that at E18 some
rkA-positive neurons did not express AT2R.
At E15, most DRG neurons were Ret-negative and most AT2R-

ositive cells were not co-localized with it. This pattern changes
ns are Ret negative at E15. Grey bands indicate negative levels. Scale bar is 10 �m.
es to colour in this figure legend, the reader is referred to the web version of this

at E18 with at least some AT2R-positive neurons co-localizing
with Ret. This expression profile suggests a possible developmental
switch in the subpopulation expressing AT2R.
3.4. IB4-binding DRG neurons express AT2R after birth

Considering that a) postnatally most AT2R-positive DRG neu-
rons were small and b) that AT2R probably plays a role in
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Fig. 4. Most AT2R-positive neurons (red) bind IB4 (green) at PN3 (A), PN15 (B) and PN30 (C). Scale bar represents 25 �m.  Neurons negative for AT2R and IB4 are delineated
by  a dotted-line. White arrows point out AT2R-negative/IB4-positive neurons while yellow arrows point at AT2R-positive/IB4-negative neurons. Arrowheads show thinly-
unmyelinated IB4-binding fibres also stained for AT2R. Image analysis shows strong positive Spearmanı́s correlations between AT2R cytoplasmic%intensities and cytoplasmic
IB4  staining. Significance is indicated by ***p ≤ 0.001. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article.)
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ociception, we examined whether its expression was  restricted
o the IB4-positive subpopulation. We  found that cytoplas-

ic%intensities of AT2R and IB4 were strongly positively correlated
t PN3 (rs = +0.51, P < 0.001, Fig. 4A), PN15 (rs = +0.30, P < 0.001,
ig. 4B) and PN30 (rs = +0.52, P < 0.001, Fig. 4C). The proportion of
T2R-positive neurons that were IB4-positive was significant and
imilar at the three ages examined: 74% (125 out of 168) at PN3; 81%
112 out of 138) at PN15 and 84% (201 out of 242) at PN30. Notice
hat AT2R staining is clearly visible on unmyelinated IB4-stained
hin fibres (arrowheads in Fig. 4A,C).

. Discussion

This study demonstrates that AT2R expression levels in DRG
eurons remain constant from early foetal life until adulthood.

nterestingly, at E15 most trkA-positive neurons express AT2R
hile at PN3 (and onwards) the receptor is predominantly

xpressed by IB4-binding C-nociceptors.

.1. AT2R in the whole DRG

This study is the first demonstration that AT2R mRNA and pro-
ein levels in the DRG remain essentially unchanged from E15 until
N30. Our finding agrees with the pattern of expression described
or the main sensory areas of the CNS. AT2R is detected early (E13)
n development and its expression increased and further stabilized
n these areas during perinatal and adult life (Nuyt et al., 1999). In
uman embryos at stages 14–16 AT2R mRNA detected by in situ
ybridization appeared in tissues that contain derivatives of neu-
al crest cells (Schutz et al., 1996). Taken together, the evidence
uggests that AT2R plays a role in central and peripheral nervous
ystem maturation and early functioning. Notice that in other sys-
ems AT2R expression changes significantly from foetal to adult
ife. For example, it goes up in the brainstem of adult rat and mouse
Gao et al., 2012; Yu et al., 2010).

Ang-II has been proposed as a growth factor during organogen-
sis (Tebbs et al., 1999) and it exhibits neuritogenic activity acting
hrough AT2R in DRG neurons (Anand et al., 2013; Chakrabarty
t al., 2008). Despite these recent advances, the precise function of
ng-II/AT2R during the development of the DRG remains unknown.

.2. Small DRG neurons express AT2R

At embryonic and early postnatal life, rat DRG neurons can only
e classed as small and large (Beland and Fitzgerald, 2001; Lawson
nd Biscoe, 1979). Large A-fiber RT97-positive neurons are born
rom E12 to E15, peaking at E13, whereas the future IB4-binding
mall C-fiber non-peptidergic neurons are born later at E13–16,
eaking at E14 (Kitao et al., 1996). Thus at E15 we already have got
wo neuronal populations: one destined to be A-fibres mechanore-
eptors and other IB4-positive nociceptors. Our data suggests that
t this age both populations express AT2R but at later stages is
own-regulated in the A-fibres while remains strongly expressed

n small putative C-nociceptors. The predominant expression of
T2R in small neurons postnatally agrees with the initial report by
hakrabarty et al. of expression in small and medium diameter DRG
eurons (Chakrabarty et al., 2008). Our finding is also in agreement
ith a study of human DRG cells in culture, where AT2R-positive

eurons were detected in a population of small diameter (Anand
t al., 2013).

.3. IB4-binding C-nociceptors express AT2R postnatally
Most trkA-positive neurons express AT2R at E15 while at E18
here are two subpopulations expressing it: one that is trkA-
ositive and other that is Ret-positive. Postnatally (from PN3
oscience 56 (2017) 10–17

onwards) AT2R is mostly present in IB4-positive neurons. Given
that adult IB4-positive neurons start off as trkA-positive at E15
and then become small Ret-positive, it seems that AT2R expression
accompanies the development of the C-nociceptors.

Because most IB4-positive DRG small neurons are C-fiber noci-
ceptors in rat (Fang et al., 2006) and we show that ∼80% of
AT2R-positive neurons are small and IB4-positive, we conclude
that the majority of AT2R-positive neurons are non-peptidergic
C-fiber nociceptors. Several studies have shown that small non-IB4-
positive neurons are often trkA-positive (Fang et al., 2005a, 2006;
Molliver et al., 1995). Thus, the remaining 20% AT2R-positive neu-
rons are probably trkA-positive but this remains to be determined.

It has been speculated that because Ang-II often co-localize with
Substance P and CGRP in trkA-positive DRG neurons, this neuropep-
tide may  modulate nociception via an autocrine mechanism (Patil
et al., 2010). Instead, our finding that AT2R is in IB4-positive non-
peptidergic C-nociceptors implies that Ang-II acts via a paracrine
mechanism.

The temporal changes in AT2R localization are probably associ-
ated with a wider role in neuronal differentiation during embryonic
life, while playing a more restricted role in nociception after birth
and into adulthood.

Taken together, our results provide novel evidence for an
involvement of AT2R a) during the differentiation of and b) in pain
mediated by IB4-binding C-nociceptors.
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