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In this study wereport the expression of TrkAreceptor within the
rat visual cortex during postnatal development and in adulthood,
using a speci¢c monoclonal antibody which recognizes the extra-
cellular domain of TrkA receptor.TrkAwas not detectedby immu-
nohistochemistry at postnatal day13 (P13), i.e. before eye opening.
At P22 TrkAwas mostly localised in cortical ¢bre-like processes.
At P39 and P90,TrkA-positiveneuronal cellbodies in supragranular

and infragranular layers were found. Using double immunohisto-
chemistry, labelled cellswere identi¢ed as intrinsic cholinergic neu-
rones, and as interneurones expressing calbindin andneuropeptide
Y.We conclude that TrkA is expressed in visual cortical neurones
duringpostnatal development and in adulthood and that its pattern
of expression is developmentally regulated. NeuroReport 13:1^5
�c 2002 LippincottWilliams &Wilkins.
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INTRODUCTION
Several experiments suggest a role of nerve growth factor
(NGF) in neuronal plasticity of visual cortex. In vivo, an
exogenous supply of NGF prevents the functional and
morphological consequences of monocular deprivation
during the critical period [1–3]. NGF effects on monocular
deprivation are mediated by tyrosine kinase A receptor
(TrkA), and the local activation of TrkA in the visual cortex
by polyclonal anti-TrkA antibodies with agonist activity is
able to prevent the effects of monocular deprivation [4].
Blockade of endogenous NGF with anti-NGF antibodies
alters the maturation of functional properties of visual
cortical neurones such as the ocular dominance distribution
and induces neurones in the lateral geniculate nucleus
(LGN) to shrink [5]. Under these conditions, the critical
period for monocular deprivation is prolonged beyond its
normal end [6]. In vitro blockade of NGF-TrkA interaction
by immunoadhesins and monoclonal antibodies rescues the
loss of LTP normally occurring at the end of critical period
[7]. NGF action is not only restricted to postnatal develop-
ment since intracortical infusion of NGF induces ocular
dominance plasticity in adult visual cortex [8].

These results from in vivo and in vitro experiments
indicate that NGF may have a 2-fold action: modulation of
the cholinergic system innervating the visual cortex and/or
of the activity dependent plasticity within the visual cortex
itself. The latter hypothesis requires that NGF is expressed
in the visual cortex and interacts with receptors expressed
on LGN terminals and/or intrinsic neurones in the visual

cortex. NGF is indeed expressed in the primary visual
cortex, although at lower levels with respect to other
neurotrophins [9,10]. The evidence of intrinsic cortical
neurones expressing NGF receptors is much more elusive.
Retrograde transport experiments have shown that a few
visual cortical neurones are capable of taking up and
retrogradely transporting NGF injected in the visual cortex,
suggesting that intrinsic cortical neurones may express NGF
receptors [11]. Low amounts of TrkA mRNA have been
reported by Northern blot [12] and PCR [13].

The aim of our study was to exploit a novel monoclonal
antibody against TrkA [14] to verify the presence of TrkA
expression in developing and adult rat visual cortex.

The study was performed in the rat, where most studies
on visual cortical plasticity have been done. We analysed the
cortical pattern of TrkA expression at postnatal days 13 (P13;
i.e. before eye opening), P22 (i.e. a stage in the middle of the
critical period) [15]; P39 (when the critical period is almost
over, [15] and P90, using immunohistochemistry for TrkA
alone and/or in combination with other immunohistochem-
ical markers.

MATERIALS AND METHODS
Immunohistochemistry: The time course of the laminar
distribution of TrkA was studied in Wistar rats. Animals of
the following age were used in this experiment: P13 (n¼ 6),
P22 (n¼ 6), P39 (n¼ 3) and P90 (n¼ 10). All animals were
fed ad lib and kept under a 12:12 h dark:light cycle. All
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experiments were carried out following the European
Communities Council Directive on animal experiments
(86/609/EEC). All materials were purchased from Sigma
(St Louis, Mo) or as otherwise stated.

Rats were anaesthetised (10.5% chloral hydrate in saline;
300ml/100 g body weight) and perfused through the left
ventricle with 0.1 M phosphate-buffered saline (PBS),
followed by 4% paraformaldehyde in PBS (pH 7.4) at 41C.
Brains were postfixed in the same fixative for 4 h and
cryoprotected in 20% sucrose/PBS. Coronal sections con-
taining the visual cortex (30 mm) were processed for
immunohistochemistry as described previously [16]. MAb
anti-TrkA (MNAC13) [14] was used at a concentration of
6mg/ml. Incubation was carried out overnight at 41C. The
reaction was revealed using the avidin-biotin-peroxidase
complex (Vector, Burlingame, CA). 3,30-Diaminobenzidine
HCl (10 mg/25 ml TBS), plus 0.06% nickel ammonium
sulfate were used as chromogens. Controls were performed
by omitting the primary antibody or by preincubating
MNAC13 with an excess of TrkA-IgG, synthesised as
described [14].

To identify the type of cells labelled with anti-TrkA,
double immunohistochemistry was performed by incubat-
ing sections consecutively with mAb MNAC13 and mAb
anti-choline acetyl transferase (ChAT, kindly provided by
Costantino Cozzari, 2 mg/ml) or mAb anti calbindin D-28K
(Swant, Bellinzona, Switzerland, 1:5000) or rabbit anti-
neuropeptide Y (NPY, Incstar Corp. Stillwater, MS, 1:1000).
The reaction was revealed using TRITC- or FITC-conjugated
anti-mouse or anti-rabbit IgG antibodies, as described
previously [16].

Western blot: Tissue extracts from P22 and adult visual
cortex were prepared by homogenisation in 200 mg/ml ice
cold extraction buffer as described previously [17]. The
supernatants were run in duplicate on 10% polyacrylamide
gels. Blots were incubated with MNAC13 at the concentra-
tion used for immunohistochemistry.

ELISA: The specificity of the antibody was verified by
ELISA. Soluble TrkA receptors (TrkA-IgG; 1ml/ml) were
used as solid-phase antigens, followed by incubation with
different dilution of MNAC13 or mAb anti-b- amyloid
(MN10, kindly provided by Michal Novak, Slovak Academy
of Sciences, Bratislava, Slovak Republic) and anti-mouse
IgG.

RESULTS
In the present paper we used the new monoclonal antibody
MNAC13, raised against native human TrkA receptor,
recognising the extracellular domain of rat and human
receptor [14] and blocking NGF signalling [7]. The specifi-
city of the antibody was confirmed by ELISA showing that
the antibody does not bind TrkB IgG while it recognises
specifically TrkA IgG [14]. In the present study the selective
binding of MNAC13 to TrkA was assessed by Western blot
and ELISA. Figure 1a shows that anti TrkA antibody
selectively recognises TrkA IgG (lane 1) and a band of
140 KDa is present in homogenate of adult rat visual cortex
(lane 2). Elisa bioessay confirms the selective binding of
MNAC13 monoclonal antibody to TrkA (Fig. 1b).

In the visual cortex of P90 rats cell bodies of different
morphological shapes were stained throughout cortical
layers with MNAC13; a typical example is shown in
Fig. 1c. The degree of specificity of MNAC13 labelling in
the visual cortex was assessed by pre-adsorbing the
antibody with TrkA immunoadhesins, before incubation
with cortical sections. As expected, no staining was
detectable in section incubated with the pre-adsorbed
antibody (Fig. 1d).

The development of TrkA expression within the visual
cortex was analysed starting from P13, i.e. 1 day before eye-
opening. At this postnatal age TrkA expression was
undetectable (Fig. 2a). At P22 TrkA immunostaining was
observed in fiber-like processes (Fig. 2b), but rarely in the
cell bodies. At P39 (Fig. 2c), neuronal cell bodies in
supragranular and infragranular layers were immunoposi-
tive for TrkA. In the visual cortex of P90 rats TrkA-positive
cells were found throughout different cortical layers (Fig.
2d; Fig. 3) and belong to two principal subgroups. The
labelled neurones in layers II–III had a fusiform cell body
with longitudinally oriented processes (not shown) while
TrkA-immunopositive neurones in infragranular layers
corresponded to small- to medium-size cells with radial
processes. Concerning the morphology of labelled neurones
no main differences were found between P39 and P90.
Neurons in cortical layers II–III were identified as choliner-
gic neurones by double immunohistochemistry for TrkA
and ChAT (Fig. 4a–c). The second group of TrkA-immuno-
positive cells was localised in infragranular layers (Fig. 2d).
These cells were identified as calbindin- (Fig. 4d–f) and
NPY- (Fig. 4g–i)-immunopositive neurones. The number of
TrkA-positive neurones was coincident to that of NPY-
positive neurones. On the contrary, TrKA-immunoreaction
was observed in a subgroup of calbindin-positive neurones,
particularly in those localised in infragranular layers.

At no postnatal age did we find TrkA immunolabelled
perikarya in LGN (data not shown). In conclusion, TrkA is
expressed in different types of visual cortical neurones with
a specific developmental temporal profile.

DISCUSSION
To investigate whether TrkA is expressed by visual cortical
neurones, we used of a new monoclonal antibody
(MNAC13) recognising an epitope responsible for NGF
binding and shown to label basal forebrain cholinergic
neurones [14]. In the present study we found by Western
blot that this antibody recognises one band at 140 kDa, i.e. a
band with the expected mol. wt of full length TrkA and
corresponds to the glycosylated form of the receptor
expressed on cellular surface. The high degree of specificity
and the absence of non-specific labelling denotes that mAb
MNAC13 is particularly suitable for immunohistochemical
studies.

The major conclusions of the present paper are that TrkA
is expressed in visual cortical neurones and that its
expression pattern changes during postnatal development.

The first result indicates that TrkA is present in the visual
cortex and provide information about the neuronal localisa-
tion of TrkA. At P13, i.e. before eye-opening, TrkA
expression is expressed in fiber like processes but not in
cell bodies of visual cortical neurones. A possible inter-
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pretation of these results is that at this developmental stage
TrkA is expressed in fibres of basal forebrain cholinergic
neurones innervating the primary visual cortex. Indeed, it
has been previously demonstrated that basal forebrain
cholinergic neurons express TrkA receptors and are sensi-
tive to NGF action [14,18,19]. Moreover, the time when
TrkA-immunoreactivity starts to be detected closely paral-
lels the period of cholinergic innervation of the visual cortex
[20]. However, our data do not allow to exclude that other
neuronal pathways projecting to the visual cortex and

different from the cholinergic one should express TrkA
immunoreactivity.

At P39 and P90 TrkA-immunopositive neurons were
found in supragranular and infragranular cortical layers.
Using double immunohistochemistry we found that TrkA is
expressed in cortical cholinergic neurones and in interneur-
ones immunopositive for calbindin and NPY. Thus, during
late postnatal development and in adulthood TrkA becomes
detectable in different subsets of neurones within the
primary visual cortex. This result confirms previous

Fig. 1. (a) Western blot analysis of TrkA IgG (lane1) and P90 visual cortical extracts (lane 2). Blots were probed with mAb MNAC13. (b) SolubleTrkA
receptors engineered as immunoadhesins were used as solid phase antigenes for an ELISA assay and incubated with decreasing concentrations of the
supernatant containing MNAC13 or an unrelated antibody (MN10).Only mAb MNAC13 recognizesTrkA. (c) A typical TrkA-immunopositive neuron in
P90 rat visual cortex. (d) Negative control, obtained by preincubating the primary antibody withTrkA immunoadhesins (TrkA-IgG). Bar¼16mm.
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observations suggesting that NGF can be taken up by
cortical cells and retrogradely transported [11] and that
TrkA mRNA is present in the rat visual cortex as reported in
studies using PCR [13].

The presence of TrkA immunoreactivity in interneurons at
a late stage of postnatal development, when the critical
period is almost over, and in adult visual cortex, as reported
in the present paper, suggest that NGF action is not
restricted to the critical period and to basal forebrain
cholinergic neurons. Interestingly, it has been previously
shown that an exogenous supply of NGF induces a
paradoxical shift of ocular dominance distribution towards
the deprived eye in adult cat visual cortex [8]. Similar
paradoxical shift in ocular dominance distribution has been
obtained during the critical period when an agonist of

GABAa receptor was locally applied in the visual cortex,
thus rising the possibility that NGF may exert a role in adult
visual cortical plasticity by acting on different sets of
GABAergic interneurons.

CONCLUSIONS
Despite considerable evidence that nerve growth factor
(NGF) influences postnatal development and plasticity of
visual cortex, the localisation of TrkA receptors within this
brain area has remained largely unexplored also due to the
lack of suitable reagents. To clarify this point, we used a new
monoclonal antibody (MNAC13) that recognizes the extra-
cellular domain of TrkA. We found that no immunolabeling
is present at postnatal day 13 (P13), while at P22 TrkA was

Fig. 2. Immunohistochemistry forTrkA in visual cortex of rat at di¡erent developmental stages. (a) P13. (b) P22. (c) P39. (d) P90. Bars¼16mm.

Fig. 3. (a) Immunohistochemistry for TrkA in the visual cortex of adult rat. Bar¼16mm. Higher magni¢cation of supragranular layers, layer IV and
infragranular layers are reported respectively, in (b^d). Bars¼ 32mm.
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mostly localised in cortical fiber-like processes. At P39 and
P90 neuronal cells were also found positive for TrkA. These
cells were identified as intrinsic cholinergic neurons and
interneurones expressing calbindin and neuropeptide Y
(NPY). We conclude that TrkA is expressed in visual cortical
neurones during postnatal development and in adulthood
and that its pattern of expression is developmentally
regulated.
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Fig. 4. Double immunohistochemistry forTrkA and ChAT, calbindin or NPY.Cells only labelled forTrkA are shown in (a,d,g).ChAT- (a), calbindin- (e) or
NPY-positive (h) neurones are labelled in red.The coincidence of TrkA expressionwith these neurotransmitters is shown by the yellow labelling in panels
(c,f,i). Bars¼12mm.
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