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Abstract

Aim: This study aimed to evaluate the immunohistochemical expression patterns of neurotrophin receptors TrkA, TrkB, TrkC, and p75 NTR in the dorsal root
ganglia (DRG) of mice, examining potential morphological differences based on age and sex.

Methods: Twelve healthy Balb/c mice were used, comprising young (3 weeks) and adult (6 weeks) groups, with equal numbers of males and females (n=3 per
group). DRGs were excised from L4-L5 spinal segments and immunofluorescently labeled for TrkA, TrkB, TrkC, and p75 NTR. Confocal microscopy was used
for image acquisition, followed by semi-quantitative analysis. Receptor staining patterns, expression intensity, and subcellular localization were compared
across groups according to age and sex.

Results: TrkA expression was most prominent in the adult male groups, and was lowest in young females. TrkB showed high expression in adult females and
young males, whereas other groups exhibited moderate expression levels. TrkC staining was uniformly weak across all groups, with no significant age or sex-
related variation. p75 NTR expression peaked in young males and was notably low in female groups. NeuN, a neuron-specific marker, demonstrated uniform
nuclear/perinuclear distribution and similar expression across all groups.

Conclusion: The distribution of neurotrophin receptors of DRG is modulated by age and sex. Enhanced expression of TrkA and p75 NTR in males and
predominant TrkB expression in females suggest sex-specific neurotrophic signaling mechanisms. These findings highlight the importance of gender-based
approaches in understanding the etiopathology and treatment of nerve regeneration and sensorial neuropathic conditions.
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Introduction

Neurotrophins (NTs) are a family of growth factors that
regulate important biological processes in the nervous system,
particularly neuronal survival, differentiation, axon growth, and
synaptic plasticity. These factors include nerve growth factor
(NGF), brain-derived neurotrophic factor (BDNF), and others.
NTs act on cells in the central (CNS) and peripheral nervous
system (PNS) as trophic signals originating from target
tissues.? NTs act via high-affinity tropomyosin receptor kinase
(Trk) family receptors. These receptors include TrkA, TrkB, and
TrkC. The low-affinity p75 neurotrophin receptor can bind all
neurotrophins and modulate cellular signaling together with Trk
receptors.® Dorsal root ganglia (DRGs) are important structures
that house the cell bodies of sensory neurons involved in
peripheral transmission and are highly sensitive to neurotrophin
signals.* Small diameter C-type nociceptors and AS/AB fibers
are dependent on neurotrophin signaling for development and
regeneration after injury. The NGF-TrkA axis is known to be vital
for the survival of sensory neurons. TrkB and TrkC receptors
are found in more limited neuronal subpopulations and play
important roles in modulating proprioceptive transmission and
mechanical sensitivity. Biological variables such as age and sex
have been shown to have important effects on neurotrophin
expression and receptor distribution.® A decrease in the
expression of Trk receptors and an increase in p75 NTR are
observed with aging, which is associated with a decrease in
regenerative capacity.5’®

This study examines the distribution of TrkA, TrkB, TrkC, and p75
NTR receptors in the L4-L5 dorsal root ganglia of mice and takes
into account age and sex variables.®'® The aim is to elucidate
the relationship between neurotrophin receptor expression and
biological determinants, contributing to a more comprehensive
understanding of Age- and sex- specific neurotrophic support
mechanisms in the nervous system. These findings aim to shed
light on the pathogenesis of neurodegenerative diseases and
aid in the development of age and gender-matched targeted
neurotrophin-based treatment strategies.

Materials and Methods

This study was conducted to evaluate the age- and sex-
dependent distribution of neurotrophin receptors (TrkA, TrkB,
TrkC, and p75 NTR) in mouse dorsal root ganglia (DRG).
This analysis focused on the DRG structures that reflect the
morphological and molecular properties of the PNS.

Twelve healthy Balb/c mice (approximately 40 g each) were
divided into four groups (n=3 per group) by age and sex: young
(3 weeks) and adult (6 weeks) males and females. All mice were
housed under standard laboratory conditions (12-hour light/
dark cycle) with ad libitum access to feed and water.

Following  deep
euthanized, and L4-L5 DRGs were meticulously dissected
under a stereomicroscope. Excised ganglia were fixed in 4%
paraformaldehyde (4°C, 1h), rinsed in PBS, and cryoprotected
overnight in 30% sucrose (4°C). Ganglia were then cryo-
sectioned (5-30 pm thickness), mounted on poly-L-lysine-
coated slides. Tissue sections were blocked for 1h at room
temperature (3% BSA, 0.1% Triton X-100, 0.1% sodium azide in
PBS), followed by overnight incubation with primary antibodies
at 4°C for double immunofluorescence labeling.

ketamine anesthesia, animals were

(1) TrkA (rabbit polyclonal, Upstate P0O4629) + TrkB (mouse
monoclonal, Becton-Dickinson 554001).

(2) TrkC (goat polyclonal, Upstate 07-226) + p75NTR (rabbit
polyclonal, Chemicon AB1554)

Some sections were labelled with NeuN (mouse anti-NeuN;
Chemicon MAB377) for neuronal nuclei. Then the sections
were incubated for 1 h with appropriate secondary antibodies
conjugated with Alexa Fluor® 488, 568, or 647 (Molecular
Probes), followed by DAPI-containing mounting medium.
Prepared slides were imaged using a Zeiss LSM 510 META
confocal microscope and analyzed with Zeiss Axiovision and
ZEN software.

Semi-quantitative evaluation of neurotrophin receptors (TrkA,
TrkB, TrkC, p75 NTR) was performed across age and sex groups.
Parameters assessed included fluorescence intensity (weak,
moderate, strong), staining pattern (granular vs. homogeneous),
subcellular localization (perinuclear, cytoplasmic, membrane-
associated), association with neuronal diameter (small, medium,
large), and involvement of peripheral structures (axonal
processes, perineurium, endoneurium). A visual scoring scale (-
to +++) was performed by two independent investigators.
Double-labeling used specific polyclonal/monoclonal antibody
pairs for TrkA/TrkB and TrkC/p75 NTR. NeuN immunolabeling
identified neuronal Expression profiles were
comparatively analyzed by age and sex.

structures.

Ethical Approval

This study was approved by the Animal Care and Use Ethics
Committee of the Experimental Medicine Research Center of
Selcuk University (Date: 31.05.2010, No: 044).

Statistical Analysis

Semi-quantitative immunofluorescence data were analyzed
using non-parametric methods due to the small sample size and
ordinal scoring system. Group differences according to age and
sex were evaluated using the Kruskal-Wallis test with Dunn’s
post hoc test for pairwise comparisons. Data are presented
as median (min-max). Interobserver agreement was assessed
using Cohen’s kappa coefficient. All statistical analyses were
performed using SPSS version 25.0 (IBM Corp., Armonk,
NY, USA), and a p-value <0.05 was considered statistically
significant.

Reporting Guidelines
The study was reported in accordance with STROBE guidelines.

Results

The expression patterns of neurotrophin receptors and NeuN
within mouse DRG were assessed comparatively by age and
sex. TrkA expression was most prominent in the adult and young
male groups (score: 3), whereas female groups demonstrated
lower levels (score: 2). TrkB expression peaked in young males
and adult females (score: 3), with moderate expression in adult
males and young females (score: 2). TrkC exhibited uniformly
low expression across all groups (score: 1) without notable
variations based on age or sex. p75 NTR showed the highest
immunoreactivity in the young male group (score: 3), moderate
expression in adult males (score: 2), and weak expression in both
female groups (score: 1). NeuN staining was consistently strong
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across all groups (score: 3), with no observable differences
related to age or sex. The comparative immunohistochemical
expression levels are shown in Figure 1.

Neurotrophin Marker Scores by Age and Sex
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Figure 1. Neurotrophin marker staining scores by age and sex
(scale 0-3). Semi-quantitative scoring of neurotrophin receptor
expression by age and sex in mouse dorsal root ganglia.
Expression levels of TrkA, TrkB, TrkC, p75, and NeuN were
semi-quantitatively scored (O=none, 1=weak, 2=moderate,
3=strong) in L4-L5 dorsal root ganglia of BALB/c mice. Scores
were presented comparatively across four groups: young males,
young females, adult males, and adult females.

Morphological Distribution Patterns

TrkA expression in adult and young males was strong,
widespread, and granular within the cytoplasm, with no clear
association with neuronal diameter. In the female groups,
staining was weaker, sparser, and showed an asymmetric
distribution.

TrkB expression was strong and homogeneous in young males
and adult females, with prominent staining localized to the
plasma membrane and neuronal processes. While TrkB was
more concentrated in large-diameter neurons, some groups
exhibited localized and asymmetric patterns.

TrkC staining was consistently weak in the ganglion tissues.
In young animals, weak expression was detected along axonal
processes and the perineurium, whereas in adults, it was mostly
confined to the inner plasma membrane surface.

p75 NTR expression was strongest in young males, with
a granular and perinuclear localization pattern. Moderate
expression was observed in adult males, while both female
groups demonstrated markedly weak staining. Notably, neurons
adjacent to the perineurium exhibited more intense p75 NTR
immunoreactivity.

NeuN expression exhibited uniform nuclear and perinuclear
distribution across all groups. No NeuN staining was observed in
the neuronal processes, and the signal was diffusely distributed
throughout the ganglion.

Representative Confocal Imaging

In adult male mice, TrkA and TrkB co-expression was robust and
widely distributed in both the cytoplasm and plasma membrane
of the sensory neurons (Figure 2).

In young males, TrkA exhibited moderate granular cytoplasmic
localization, whereas TrkB demonstrated strong membrane-
bound fluorescence. TrkC and p75 NTR showed weak but
distinct staining along peripheral axons and perineurial regions.
Triple labeling revealed nuclear co-localization of NeuN in p75
NTR-positive neurons (Figure 2).

Figure 2. Confocal micrographs of TrkA and TrkB co-expression in adult male dorsal root ganglia (Left 2 columns; A, B, C, D).
Representative confocal images showing the immunoreactivity of TrkA (red, Alexa Fluor® 564) and TrkB (green, Alexa Fluor® 488)
in the DRG sections of adult male mice. Double-labeling revealed cytoplasmic and membranous localization patterns in the sensory

neurons.

Immunofluorescence patterns of neurotrophin receptors in young male dorsal root ganglia. Confocal sections of young male DRG
showing (Right 2 columns; E, F, G, H): (E) Co-expression of TrkA (red) and TrkB (green); (F, G) TrkC (green) and p75 NTR (red); (H) Co-
labeling of p75 NTR (red) and NeuN (blue). The fluorophores used included Alexa Fluor® 488, 564, and 647.

Scale bars were shown at figures.
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In adult females, TrkA and TrkB co-expression was primarily ~ females, TrkA staining was weak, with a granular cytoplasmic
membranous with moderate cytoplasmic signals. TrkC and p75  pattern, and TrkB showed moderate membrane-associated
NTR were co-expressed in specific neuronal subpopulations,  expression (Figure 3).

particularly around perineuronal structures (Figure 3). In young

Figure 3. In Left column: Confocal imaging of neurotrophin receptors in adult female dorsal root ganglia. Left upper and middle:
Co-labeling of TrkA (red, Alexa Fluor® 564) and TrkB (green, Alexa Fluor® 488) in adult female DRG neurons; Left bottom: Expression
of TrkC (green, Alexa Fluor® 488) and p75 NTR (red, Alexa Fluor® 594) in sensory neurons. Images demonstrate receptor-specific
distribution patterns in neuronal somata and peripheral structures.

In Righ Column: TrkA and TrkB expression in young female dorsal root ganglia: Confocal image of L4-L5 DRG section from a
young female mouse displaying TrkA (red, Alexa Fluor® 564) and TrkB (green, Alexa Fluor® 488) co-expression in sensory neurons.
Cytoplasmic and membranous localization patterns are evident. Scale bars were shown at figures.
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Discussion

This study represents the first systematic evaluation of the
immunohistochemical distribution of TrkA, TrkB, TrkC, and p75
NTR receptors in the DRG with respect to age and sex. The
findings demonstrate that neurotrophin receptor expression
varies significantly depending on both developmental
maturation and biological sex.

TrkA is a high-affinity receptor for NGF that is predominantly
expressed in small-diameter nociceptive neurons. Approximately
40% of DRG neurons in adult mice are TrkA-positive, making it
one of the largest DRG subpopulations.'” Our results showed no
age-related differences in TrkA immunoreactivity in the L4- L5
DRGs. This aligns with the existing literature reporting that TrkA
labelling remains largely stable in mice aged 3-24 months, and
found no significant age-related changes in TrkA expression.'
Even in aged rats (30 months), only a mild reduction in TrkA
immunoreactivity has been reported.”*'* This suggests that
neurotrophic support in nociceptors is largely preserved during
aging.

Our study suggests that TrkA expression is higher in male
mice, consistent with previous findings showing more TrkA+
nociceptors in males and more TrkB+/TrkC+ neurons in females.
This sexual dimorphism may be influenced by estrogen, which
can suppress NGF/TrkA signaling. Estrogen decline, such as
during menopause, may enhance TrkA activity and increase pain
sensitivity.'® These findings indicate that sex hormones modulate
nociceptor phenotypes and may underlie sex differences in pain
perception. Thus, therapies targeting the NGF-TrkA pathway
might need to be adapted based on age and sex.

TrkB, a high-affinity receptor for BDNF and NT-4/5, is typically
found in medium- to large-diameter myelinated sensory
neurons.'”” In our study, TrkB expression showed no significant
age- related differences between young and adult mice,
consistent with prior reports, though minor declines have been
noted in very old animals.”> BDNF-TrkB signaling is known to
increase during tissue injury and inflammation, and elevated
BDNF levels have been observed in aged DRGs, possibly
reflecting enhanced sensory plasticity with age.

Regarding sex differences, TrkB immunoreactivity was slightly
higher in females, aligning with neonatal studies that report
more TrkB+ neurons in female DRGs. This may suggest a
developmental predominance of mechanoreceptive and
proprioceptive subtypes in females. Functionally, sex-specific
responses have been noted: for example, BDNF elevation
increases pain behavior in male but not female mice, indicating
possible differences in downstream signaling.'®

Transcriptomic studies in adult human DRGs show similar
baseline distributions of neuronal subtypes across sexes.
However, sex-specific may emerge
pathological conditions like chronic pain, where BDNF-TrkB
signaling may operate differently in males and females.”
Thus, even subtle variations in TrkB expression could influence
sensory sensitivity and pain susceptibility, highlighting the
relevance of personalized treatment approaches.

TrkC is the high-affinity receptor for neurotrophin-3 (NT-3)
and a distinguishing marker of large-diameter proprioceptive
neurons.'® Both rodent and human studies indicate that TrkC
defines a distinct population of large-diameter neurons,

differences under

typically involved in sensing body position and movement.'® Our
current findings indicate that TrkC immunoreactivity, similar
to TrkA and TrkB, does not undergo significant changes with
aging in the DRG.”® This consistency across Trk receptors
suggests that fundamental neurotrophic support for various
sensory modalities might be largely maintained throughout
the adult lifespan, at least in the peripheral nervous system.
Regarding sex differences, our study did not identify any
substantial sex-specific variations in TrkC expression within
the DRGs.'* This differs from TrkA and TrkB, where subtle sex
dimorphisms were observed. This absence of marked sexual
dimorphism for TrkC may imply that proprioceptive pathways,
crucial for motor coordination and spatial awareness, are less
subject to sex hormone modulation compared to nociceptive
or mechanoreceptive pathways.?*® However, further research
is warranted to fully elucidate any nuanced sex-specific
roles of TrkC under various physiological and pathological
conditions. The p75 neurotrophin receptor (p75 NTR) binds all
neurotrophins with low affinity and mediates both survival and
apoptotic signals, unlike Trk receptors. It is highly expressed
in most DRG neurons during early development but decreases
significantly postnatally.” In adults, p75 is mainly found at low
levels in small neuron subpopulations and glial cells. Our study
showed stronger p75 expression in young mice, consistent with
its developmental role, particularly in the transition of non-
peptidergic nociceptors from TrkA to Ret dependency.?!
Although baseline p75 levels are low in adults, they increase
after injury or neurodegeneration. Slight rises have also
been noted in aged but healthy DRGs,"® suggesting altered
neurotrophin sensitivity with aging. The influence of sex
hormones on p75 is not well understood; short-term estrogen
may increase its expression, but prolonged exposure might
reduce it."* We found no significant sex differences in baseline
p75 levels, though pathological conditions might reveal sex-
specific responses, such as greater inflammation in male
DRGs after nerve compression. Since elevated p75 is linked
to apoptosis and degeneration, it may contribute to sex
differences in neurodegenerative vulnerability. Overall, p75
expression decreases with age and shows minimal sex-based
variation under normal conditions. Understanding its regulation
under stress could aid in developing sex-specific treatments for
neuropathic pain and nerve repair.

NeuN is a common marker for mature neurons, and its
count reflects the total neuronal population in the DRG. In
our study, NeuN+ counts showed no significant differences
between young and adult mice, indicating stable sensory
neuron populations from postnatal development to adulthood.
No sex-based differences were observed either, consistent
with transcriptomic studies showing similar neuron subtype
distributions in adult male and female DRGs.""'® However,
transient sex differences exist during early development, with
female neonates having more neurons and males showing
more advanced maturation, differences that appear to even out
by adulthood14 Although neuronal number remains stable in
adulthood, aging is associated with neuronal size reduction and
accumulation of degenerative lipofuscin pigments.16 Both age
and sex thus influence not only receptor expression but also
neuronal integrity.
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Our study is the first to comprehensively analyze TrkA, TrkB, TrkC,
p75 NTR, and NeuN expression in mouse L4-L5 DRGs across
age and sex. While previous research has mainly examined
these factors separately, we show subtle but meaningful sex
differences -such as higher TrkA in males and greater TrkB/TrkC
in females- highlighting the biological impact of sex hormones
and development on sensory neurons.'>'?

These findings help explain why pain sensitivity and chronic
pain disorders vary by age and sex. For example, increased
BDNF with age may underlie heightened pain in older adults,
and hormonal modulation of neurotrophin receptors likely
influences sex-specific pain perception and nerve repair.'s'®
Clinically, this underscores the importance of considering age
and sex in treating peripheral neuropathies and pain syndromes,
as therapies targeting NGF-TrkA or BDNF-TrkB pathways may
have different effects depending on these factors.

Recent studies on human DRGs have revealed sex-specific
molecular pathways implicated in neuropathic pain, with
elevated IL-1B and TNF expression in male DRGs and increased
chemokine and opioid-related gene expression in female
DRGs.? These findings reinforce the need for personalized pain
therapy.

Limitations

There were some methodological limitations in the study. First,
limited subgroup stratification (n=3 per age-sex group) restricts
the statistical power and generalizability of the findings of
this study. While semi-quantitative scoring provides valuable
morphological insights, it lacks the objectivity of quantitative
molecular approaches. Furthermore, the cross-sectional study
design precluded longitudinal assessment of neurotrophin
receptor dynamics over developmental stages. Potential inter-
animal variability in receptor expression, despite controlled
housing and genetic homogeneity, could not be excluded.
Finally, although the double-labeling approach revealed co-
localization patterns, functional validation of receptor activity
or downstream signaling was beyond the scope of this study.

Conclusion

This study systematically evaluated the immunohistochemical
distribution of TrkA, TrkB, TrkC, and p75 NTR receptors in the
dorsal root ganglia (DRG) of mice with respect to age and
sex variables. The findings revealed that TrkA and p75 NTR
expression were more prominent in the adult male group,
whereas TrkB expression was more pronounced in adult
females. TrkC expression remained consistently low across
all groups, showing no significant age-related increase but
exhibiting receptor-specific variations associated with sex.
These results demonstrate that neurotrophin receptor
expression is not confined to developmental stages alone but
continues to play an active regulatory role in the mature nervous
system of the adult mouse. Moreover, sex-based differences
in neurotrophic receptor profiles may contribute to variations
in neurophysiological outcomes, such as nerve regeneration
capacity and chronic pain sensitivity. These findings provide a
foundational reference for developing age- and sex-adapted
neurotrophin-based therapeutic strategies and enhance our
understanding of peripheral nerve pathophysiology.
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