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I have always held firmly to the thought that each one of us 
can do a little to bring some portion of misery to an end. 
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ABSTRACT

Objective: Cervical ripening, is a prerequisite for successful labor, which is often very 
painful and involves an inflammatory reaction. However, little is presently known con-
cerning nerve-related changes in the human uterus during labor and the fundamental hy-
pothesis tested here was that labor pain emanates primarily from the cervix uteri. To this 
end, the general innervation of the corpus and cervix uteri, as well as the possible pres-
ence of neurotrophins and TPRV1 (major factors involved in nociception) and of sensory 
corpuscles in these same two tissues were examined in term pregnancy prior to and after 
the onset of labor and compared to the non-pregnant state.

Methods: Biopsies were collected from the corpus and cervix uteri of non-pregnant wom-
en after hysterectomy and women who, following term pregnancy, either had a caesarean 
section prior to onset of labor or an emergency caesarean section during established labor. 
Serial sections prepared from the frozen biopsies were analyzed immunohistochemically 
employing antibodies directed specifically against PGP 9.5, S-100, NGF, BDNF, NGFR 
p75, Trk B, NFILS and TRPV1. Moreover, the levels of the mRNA species encoding 
NGFβ, NGFR p75, TrkA and TrkB in these same tissue samples were determined by 
Real-Time PCR. 

Results: The innervation of the corpus in term pregnancy, both prior to and after the onset 
of labor, differed profoundly from that of the cervix under the same conditions, as well as 
from that of the corresponding non-pregnant tissues. Thus, in term pregnancy, most nerve 
fibers staining positively for PGP 9.5, NGFR p75, NFILS and TRPV1-IR had virtually 
disappeared from the corpus, but remained in the cervix. At the same time, the numbers 
of nerve fibers expressing BDNF-IR, as well as of NGF-positive cells increased in both 
the corpus and cervix during labor. Corpus levels of NGFβ, NGFR p75 and TrkB mRNA 
were lower in term pregnancy with and without labor than in the non-pregnant control 
tissue, whereas the level of TrkA mRNA in the corpus was elevated. In the case of the cer-
vix, expression of both NGFβ and TrkA mRNA was up-regulated during labor. Moreover, 
sensory corpuscles were detected in both the non-pregnant corpus and cervix and also in 
the term pregnant cervix but only prior to the onset of labor.

Conclusion: The observations documented here indicate unambiguously that during la-
bor, the numbers of nerve fibers and levels of neurotrophins and TRPV1 in the human 
cervix are considerably higher than in the corpus. These findings lend support to our 
hypothesis that the cervix uteri is the major site from which labor pain emanates. Further-
more, the sensory corpuscles identified in the non-distended corpus and cervix probably 
convey mechanosensitive (proprioceptive) impulses. 

Key words: Uterus, corpus uteri, cervix uteri, pregnancy, labor pain, neurotrophins, 
NGF, TRPV1, sensory corpuscles, human. 
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Background  13

BACKGROUND

INTRODUCTION

Childbirth is often very painful and most women in labor request something to reduce 
their pain. At present, various forms of central neuroaxial blockades (CNB) represent 
the most efficient procedures available for alleviation of such pain. However, relatively 
few women worldwide have access to efficacious pain relief of any kind during 
labor. This situation motivated us to examine nerve-related changes taking place in 
human corpus and cervix uteri during pregnancy and labor, especially with respect to 
nociception during parturition. 

Previous studies have revealed that uterine innervation undergoes profound 
alterations during these processes. Twenty years ago, immunostaining for the pan-
neuronal marker Protein gene product 9.5 (PGP 9.5) demonstrated that the abundance of 
nerve fibers in the corpus uteri of rodents were markedly decreased in term pregnancy 
(Lundberg et al. 1988). Similar observations have been made on women, employing 
immunohistochemical analysis of S-100 as well as electron microscopy (Morizaki et 
al. 1989; Wikland et al. 1984). In contrast, reflected in the expression of S-100 and 
PGP 9.5 innervation in human cervix is preserved throughout pregnancy (Bryman et 
al. 1987; Stjernholm et al. 1999). Staining for PGP 9.5 has not been used previously to 
compare neuronal changes in both the corpus uteri and cervix and it would be of value 
to characterize non-pregnant women (NP), term pregnant before onset of labor (TP) and 
term pregnant women in established labor (TPL) in this respect. 

In connection with the complex event of human parturition, an optimal coordination 
of uterine contractions and cervical softening and dilatation, including extensive 
remodeling of the extracellular matrix (ECM) is a prerequisite for a normal obstetric 
outcome. Cervical ripening involves a multitude of factors e.g., prostaglandins, 
cytokines, nitric oxide (NO) and neuropeptides, as well as extravasation of 
inflammatory cells into the ECM (Osman et al. 2003; Sennstrom et al. 2000; Uldbjerg et 
al. 1983). This is recognized as an inflammatory process and many of the biomolecules 
involved also participate in pathways associated with pain (Julius and Basbaum 2001).

The preservation of cervical innervation in term pregnancy and labor and the 
relatively large number of mediators involved in cervical ripening makes it highly 
interesting to explore our working hypothesis that the cervix is a major source of pain 
during labor.
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LABOR PAIN
Labor pain arises as a consequence of numerous complex molecular interactions, both 
excitatory and inhibitory, but its source has not yet been elucidated fully. Moreover, 
our knowledge concerning the possible role of mechanoreceptors in such pain remains 
scant, e.g., it is not known whether sensory corpuscles are present.

The cell bodies of the nerves which innervate the corpus uteri and cervix are located 
in the dorsal root ganglia (DRG) of the Th10-L1 segments of the spinal cord and 
nociceptive impulses are transmitted via their Aδ and C-fibers. These fibers accompany 
the sympathetic nerves in the inferior (IHP), middle and superior (SHP) hypogastric 
plexus as well as the aortic plexi. The nociceptive afferents transverse the lumbar 
and lower thoracic sympathetic chain to the posterior roots of Th10-L1 nerves and 
establish synaptic contact with the interneurones in the dorsal horn (Berkley et al. 1993; 
McMahon and Koltzenburg 2006; Rowlands and Permezel 1998) (Fig 1a). The vagina 
and the pelvic floor including the perineum are supplied by the pudendal nerve together 
with smaller nerves originating from S2-S4 (Fig 1b). All nociceptive impulses travel 
first to the DRG and thereafter via the spinothalamic tract to the brain (Berkley et al. 
1993; McMahon and Koltzenburg 2006; Rowlands and Permezel 1998).

Pain is the single most predominant sign of the onset of labor and for many women, 
this pain is the most severe they will ever experience. In a study by Melzac (1984), it 
is determined that 65%-68% of women in labor rate their pain as severe or very severe. 
Moreover, 23% of primiparas and 11% of multiparas rate their pain as “horrible” 
(McMahon and Koltzenburg 2006). Similar observations have been confirmed by other 
studies (Ranta et al. 1996). Clearly, there is a great need for novel and simpler strategies 
for the relief of labor pain. 

As is the case for research on other types of pain, appropriate models involving 
experimental animals are necessary for elucidation of the neurophysiological 
mechanisms underlying labor pain. Certain studies on such models have revealed that 
the secondary elevation of the expression of cFos in the spinal cord, in response to 

Fig 1. The peripheral nociceptive pathways involved in labor pain (from Wall and 
Melzack’s Textbook of Pain 2006 with the kind permission of the publisher). 
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cervical distension and labor, can be attenuated dramatically by intrathecal analgesia 
(Catheline et al. 2006; Tong et al. 2003). Moreover, behavioral analysis has shown that 
the dams display a larger and larger number of abnormal postures as labor progresses to 
birth of the pulps (Catheline et al. 2006). 

Unfortunately, such findings cannot be applied directly to human labor. Moreover, 
because of the difficulties involved in examining the central nervous system of human 
parturients, interest ought to be focused primarily on alterations occurring in peripheral 
nervous tissues. Accordingly, we have chosen to investigate nerve-related changes in 
the corpus and cervix uteri during pregnancy and labor, with particular emphasis on 
neurotrophins and the transient receptor potential vanilloid receptor subtype 1 (TRPV1). 

Four members of the neurotrophin family have so far been identified in mammals: 
nerve growth factor (NGF), brain-derived neurotrophic factor (BDNF), neurotrophin-3 
(NT-3) and neurotrophin-4/5 (NT-4/5) (Huang and Reichardt 2001). These all bind with 
higher or lower affinity to cell surface receptors with tyrosine kinase (Trk) activity. 
NGF binds preferentially to TrkA, BDNF and NT-4/5 to TrkB and NT-3 to TrkC and, 
moreover, all of these factors exhibit low affinity with the nerve growth factor receptor 
p75 (NGFR p75) (Huang and Reichardt 2001). 

In addition to their essential roles in regulating the normal maintenance, survival 
and specificity of sensory neurons , these mediators also participate in inflammatory 
reactions and nociception (Huang and Reichardt 2001; Levi-Montalcini et al. 1996; 
Pezet and McMahon 2006). TRPV1 is expressed at a particularly high level by small-
diameter sensory neurones, i.e, nociceptors (Fig 2) and has also been detected in non-
neuronal tissues, such as smooth muscle, polymorphonuclear cells and macrophages 
(Cortright and Szallasi 2004; Di Marzo et al. 2002). Regarded as a key participant 
in peripheral nociception, TRPV1 acts as a cation channel, that can be activated by 
capsaicin, heat, various lipids and protons released in tissues during inflammatory 
processes (Caterina and Julius 2001; Tominaga and Tominaga 2005; Tympanidis et al. 
2004). We wished to compare the possible presence of these mediators in the corpus 
and cervix that are the two functional units of the uterus, in order to help provide a 
basis for understanding of nerve-related changes that occur in these two tissues in term 
pregnancy and labor.

Fig 2. Diagram of a peripheral nerve illustrating the thin sensory neurones refered to as 
Nociceptors (from Nociceptiv och neurogen smärta, Per Hansson, with the kind permission of 
the publisher)

Peripheral nerve

A- fiber

Myelin

C-fiber

Schwann cell

Nerve bundle

Nociceptors
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THE CORPUS UTERI
The corpus uteri which can be divided into the upper area, the fundus and a more distal 
region close to the cervix, the isthmus, is composed primarily of smooth muscle cells 
which account for approximately 40-70% of the tissue weight embedded in ECM. 
These cells are organized in a manner designed to achieve effective contraction during 
labor. Although, the content of muscle fibers diminishes caudally, the isthmus is still 
dominated by such fibers, in contrast to the cervix, which is why the former is regarded 
as a part of the corpus (Schwalm and Dubrauszky 1966). Throughout pregnancy, 
continuous remodeling of the ECM occurs, reaching its maximal extent around the time 
of parturition (Hjelm et al. 2002).

THE CERVIX UTERI
In contrast to the corpus, the cervix is composed almost entirely of fibrous connective 
tissue, which stabilizes and strengthens this structure. The ECM, of which collagen 
and proteoglycan are the major components, constitutes more than 85% of the wet 
weight of the cervix in the non-pregnant state. Fibroblasts, the primary cell type present, 
synthesize different enzymatic and non-enzymatic components of the ECM; while 
muscle cells represent no more than 4-10% of the total number of cells present. Despite 
the increase in intrauterine pressure that occurs during pregnancy, the cervix remains 
closed until final ripening and the onset of labor (Fig 4.) (Schwalm and Dubrauszky 
1966). 

Fig 3. Anatomy of the human uterus. (http://z.about.com/f/p/440/graphics/images/en/19263.jpg)

Fig 4. Schematic representation of the pregnant human uterus.

Isthmus
10 cm

Cervix, composed essentially
of extracellular matrix

Corpus, composed
primarily of smooth
muscle

Isthmus
10 cm

Cervix, composed essentially
of extracellular matrix

Corpus, composed
primarily of smooth
muscle



Background  17

CERVICAL RIPENING IS AN INFLAMMATORY PROCESS
Clinically, cervical ripening is characterized by softening, effacement and dilatation 
of this tissue, a process that involves profound remodelling of the ECM and is a 
prerequisite for effective labor and normal parturition. Cervical ripening can be divided 
into two phases i.e. a slow ripening throughout the course of pregnancy, associated with 
a gradual reduction in content of collagen, followed by the very rapid changes that take 
place immediately prior to the onset of labor (Granstrom et al. 1989; Uldbjerg et al. 
1983). 

As early as 1978, Liggins, a pioneer in this field, proposed that the latter rapid phase 
was an inflammatory reaction (Liggins 1978), which has been subsequently confirmed 
by a number of investigations. This final phase of cervical ripening, is associated 
with a 100 - fold increase in the local concentrations of cytokines and an influx of 
inflammatory cells, as well as with changes in other mediators of inflammation such 
as prostaglandins, NO and neuropeptides (Chwalisz and Garfield 1998; Collins et al. 
2002; Gibb 1998; Osman et al. 2003; Sennstrom et al. 2000; Tornblom et al. 2004). 
Interestingly, these same chemical mediators appear to participate in nociceptive 
pathways and most also interact with NGF and TRPV1 under inflammatory conditions 
(Bennett 2001; Julius and Basbaum 2001; McMahon and Koltzenburg 2006; Pezet and 
McMahon 2006). 

The intensity of pain associated with childbirth is one reason that has caused more 
and more women to choose to have cesarean sections (CS), the frequency of which 
in Swedish university hospitals during the past few years has thereby increased from 
11-13% to 18-22%. In addition, the use of central neuroaxial blocks in connection 
with vaginal deliveries is also becoming more common. Clearly, our understanding of 
the mechanisms underlying labor pain needs to be improved, which will require more 
detailed information concerning the uterine innervation concentrated to the cervix 
during term pregnancy and labor (Bryman et al. 1987).
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AIMS OF THE PRESENT THESIS

The fundamental hypothesis that the present investigation was designed to test is 
that labor pain primarily emanates from the cervix uteri. Numerous studies have 
demonstrated the occurrence of an inflammatory process in the uterus, particularly in 
the cervix in connection with cervical ripening and labor. Since inflammatory processes 
often elicit pain, we thought it was important to compare nerve-related changes in the 
corpus and cervix associated with term pregnancy and labor to the situation in the non-
pregnant uterus. In this context the following questions were posed:

 I. How does the general innervation of the corpus compared to the cervix uteri  
  in term pregnancy and during labor differ from that of the corresponding non- 
  pregnant tissues? 

 II. Do the profound structural changes which the uterus undergoes during 
  pregnancy and parturition, involve, e.g. sensory corpuscles that convey   
  mechanosensitive (proprioceptive) impulses? 

 III. Is TRPV1 expressed in the uterus during labor and if so, do the levels of 
  expression in the corpus and cervix differ?

 IV. Are NGF and BDNF and their receptors involved in the process of labor and  
  if so, are these factors present at different levels in the corpus and cervix  
  during this event?

Aims of the present thesis 19
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MATERIAL AND METHODS

SUBJECTS
Our female subjects consisted of three groups, i.e. non-pregnant women (NP), and 
women experiencing term pregnancy followed by elective CS (TP) or in labor 
terminated by emergency CS (TPL). The 36 non-pregnant women were all having 
regular menstrual periods prior to undergoing hysterectomy for benign conditions and 
none was taking any hormone medication. The 37 healthy term pregnant women all 
experienced an uncomplicated pregnancy and had an elective CS prior to onset of labor. 
Finally, after undergoing a normal pregnancy and spontaneously entering labor, the 
32 healthy TPL women were subjected to emergency CS due to arrest of labor or fetal 
malpresentation or distress.

SAMPLING PROCEDURES

The corpus uteri
Biopsies (400-500 mg) excised from the isthmus (the upper edge of the lower uterine 
segment incision), hereafter referred to simply as the corpus, were obtained in 
connection with the CS or, in the case of the NP group following hysterectomy. These 
tissue samples were immediately fixed (Papers I, II, IV) or frozen on dry ice (Paper 
III) and subsequently stored at -70°C until the performance of immunohistochemical 
analyses. Samples to be employed for extraction of mRNA were stored in RNA-later 
solution until freezing. 

The cervix uteri.
Biopsies including all layers of the cervix (150-300 mg) were taken transvaginally 

from the anterior lip (at the 12 o’clock position), following CS or hysterectomy and then 
handled in the same manner as described above for the corpus samples.
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METHODS

Immunohistochemical examination (Paper I - IV)
In Paper I, the tissue samples were immersed in 4% paraformaldehyde and 14% 
saturated picric acid dissolved in 0.1M phosphate buffer (pH 6.9). After rinsing, 14 
µm thick serial cryostat sections of these fixed samples were thawed onto slides and 
subsequently processed for performance of indirect immunofluorescent analysis 
according to protocols employed routinely in our laboratory. Polyclonal rabbit anti-PGP 
9.5 antiserum was utilized as the primary antibody for this analysis. The sections were 
incubated overnight with either this specific antiserum or a control serum and thereafter 
exposed to rhodamine (TRITC)-labeled donkey antiserum directed against rabbit IgG. 
Control sections were stained in the same manner but, without the primary antibody. 
Finally, all sections were evaluated independently in a double-blind manner by two 
separate investigators (for additional details, see Paper I).

In Paper II and IV, the tissue samples were fixed in 4% paraformaldehyde alone, 
dissolved in 0.1 M phosphate buffer (pH 7.0).and thereafter rinsed, following which 
8 µm serial cryostat sections were processed for immunohistochemical analysis in 
accordance with standard protocols. Tissue staining with hematoxylin-eosin (Htx) was 
utilized for examination of tissue morphology. In the case of peroxidase-anti peroxidase 
(PAP) staining, the slides were first incubated overnight with polyclonal rabbit 
antibodies towards PGP 9.5, S-100, nerve growth factor (NGF), the nerve growth factor 
receptor p75 (NGFR p75), brain-derived neurotrophic factor (BDNF) or the tyrosine 
kinase receptor B (TrkB), followed by exposure to swine anti-rabbit antibody. After 
further rinsing, the slides were exposed to peroxidase-labeled IgG immunoglobulin 
(PAP rabbit). For control purposes, the primary antibodies were omitted or replaced 
with normal serum and in the case of analysis of NGF, BDNF and TrkB, the primary 
antisera were preabsorbed with the appropriate antigen (for additional details see Papers 
II and IV).

Immunofluorescent staining was achieved with the appropriate primary polyclonal 
rabbit antibodies (60 minutes at 37°C) and tetramethylrhodamine isothiocyanate 
(TRITC)-conjugated swine anti-rabbit IgG as the secondary antibody (for additional 
details see Paper II).

In Paper III, PAP-staining was performed on frozen tissue sections placed on 
glass slides and thereafter fixed in paraformaldehyde. After inhibiting endogenous 
peroxidase activity and rinsing, these sections were incubated with primary antibodies 
directed against TRPV1 or a “cocktail” of neurofilament proteins (NFILS) and 
peripherin. The sites of antibody binding were visualized employing the nickel-
enhanced, immunoperoxidase procedure. Negative controls were performed by 
omitting the primary antibody or replacing it with non-immune serum and nuclei were 
counterstained with 0.1% (w/v) aqueous neutral red (for further methodological details, 
see Paper III).

All sections were evaluated independently and in a double-blind manner by two 
separate observers. 
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Real-Time PCR (Paper IV)
For this procedure, frozen biopsies were placed onto a blocks of dry ice, cut into slices 
and then frozen in liquid nitrogen, following which this frozen tissue was pulverized 
with a dismembranation apparatus in order to obtain a powder from which RNA 
could be extracted. Extraction of total RNA achieved with the Trizol reagent and the 
concentration of RNA thus obtained was determined on the basis of its absorbance at 
OD260 as measured using an Eppendorf Bio Photometer. Only samples exhibiting an 
OD260/OD280 ratio > 1.7 were employed for Reverse Transcriptase-PCR (RT-PCR) and 
the quality of these samples was further evaluated by electrophoresis on 1.5% agarose 
gels, followed by visualization under ultraviolet light after ethidium bromide staining. 
Total RNA was stored at -70ºC until further analysis.

Reverse transcription of this total RNA was performed with SuperscriptTM Rnase 
H-Reverse Transcriptase and the produced cDNA stored at -70ºC until further use.

Real-Time PCR: In order to quantitate in triplicates the levels of mRNA encoding 
NGFβ, BDNF, NGFr p75, TrkA and TrkB, the Applied Biosystems 7300 Real-Time 
PCR system (Applied Biosystems, Foster City, CA, USA) was utilized together with 
the Taqman Universal PCR Master Mix (Applied Biosystems) and 96-well optical PCR 
plates. Appropriate primers and probes were purchased (Taqman® gene expression 
assays, Applied Biosystems) and the levels of expression of the two housekeeping 
genes, 18S and β-actin were used as internal standards. Since the levels of β-actin 
mRNA turned out to differ significantly between two of the groups it could not be used 
for this purpose

The Real-Time PCR involved 40 cycles of denaturation-annealing performed in 
accordance with a standard manufacturer’s protocol. The first cycle following which the 
reporter fluorescence was significantly above the baseline signal threshold, cycle Ct was 
determined for each mRNA species, with a Ct of  >40 being considered undetectable. 
The Ct for mRNA 18S and β-actin mRNA was subtracted from that of interest to give 
ΔCt as a reflection of the expression of this mRNA. Since a high ΔCt value corresponds 
to a low level of mRNA, these values were inverted as 10/ΔCt. As a control for the 
specificity of the primers, serial dilutions of cDNA prepared from total hippocampal 
RNA (Ambion) were used. (For further details and the primer sequences see paper IV).

STATISTICAL ANALYSIS
Almost all data were analyzed employing the Kruskal Wallis ANOVA by Ranks and the 
Kruskal-Wallis test, with a p-value of <0.05 being considered statistically significant. 
However, the immunohistochemical evaluations in Paper IV are documented as the 
relative number of immunoreactive (IR) structures compared to the NP control group, 
defined as equal to one. Therefore, statistical analysis of these semi-quantitative data 
could not be carried out.
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Results

Patterns of innervation
The patterns of innervation in the corpus and cervix were elucidated by staining immu-
nohistochemically for PGP 9.5.which is generally expressed by nerve cells.

The corpus uteri
Paper I documents the presence of PGP 9.5 immunoreactive (IR) nerve fibers in the 
corpus uteri of all three groups of women as well as a profound reduction in the abun-
dance of such following term pregnancy, both before and after the onset of labor, in 
comparison to the non-pregnant state (p<0.05) (Fig 5a). PGP 9.5-positive staining in NP 
muscle tissue was about 40-fold more common than in the case of TP and TPL biopsies. 
Immunoreactive nerve fibers were also observed in the stroma and near blood vessels. 
(Fig 6a)

The cervix uteri
In contrast to the pattern demonstrated by the corpus, cervical innervation was preser-
ved in term pregnancy and labor with single or bundles of PGP 9.5 IR nerve fibers being 
detected in all samples (Fig 5b). These nerve fibers were especially abundant in the 
stroma, as well as in the vicinity of blood vessels (Fig 6b), but strikingly, there was a 
distinct layer of PGP 9.5 positive nerve fibers located just beneath the squamous epithe-
lium, although not actually within the epithelium itself (Fig 6c).

24

Fig 5a. Histogram illustrating the total number of PGP 9.5-IR nerve fibres in the corpus. There 
is a significant decrease of PGP 9.5-IR nerve fibers in TP and TPL compared to NP (p<0.05)
Fig 5b. Histogram illustrating the total number of PGP 9.5-IR nerve fibres in the cervix. 
Differences between the groups did not reach statistical significance
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Fig 6 (a-c). Immunofluorescence micrographs of nerve bundles (arrow head) and single fibers 
(arrows) in the uterus that stain positively red for PGP 9.5. (A) In the non-pregnant corpus. 
(B). In the labouring cervix, in the vicinity of a blood vessel (star) and scattered throughout 
the stroma. (C) In the labouring cervix, present in the subepithelial region but absent from the 
squamous epithelium (SE). Scale bars = 100µm
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Sensory corpuscles
Sensory corpuscles which were round or oval in shape, had a diameter of 25-75 µm 
and which were frequently located in the vicinity of blood vessels stained positively for 
NGFR p75, S-100 and PGP 9.5. On the basis of this pattern of immunoreactivity and 
their morphological appearance, these sensory corpuscles could be clearly distinguis-
hed from nerve fascicles present in the same tissue (Fig 7a). The capsule of some of the 
corpuscles was well-defined exhibiting distinct IR for NGFR p75 but not for PGP 9.5 
or S-100 (Fig 7b) whereas the central regions stained positively for S-100 (Fig 7c) and 
the central axons exhibited pronounced expression of PGP 9.5 (Fig 7d). Other sensory 
corpuscles, which demonstrated a diffuse staining for NGFR p75 in their capsule, were 
frequently seen to harbor small, clearly NGFR p75-positive intra-capsular structures 
with a clearly defined NGFR p75 IR at their peripheries (Fig 7e), i.e. they displayed a 
compartmentalized appearance (Fig 7f).
 

The corpus uteri
Sensory corpuscles were observed only in the non-pregnant corpus, and were not detec-
table from this tissue during term pregnancy.

The cervix uteri
In contrast to the corpus, sensory corpuscles were displayed not only in the non preg-
nant state but also in term pregnant specimens of the cervix. However, no such structu-
res were detectable during cervical dilatation (labor) (Fig 7b-d). 

TRPV1 and neurofilaments (NFILS)
Immunostaining for both TRPV1 (Fig 8a, b) and NFILS (Fig 8c) was observed in the 
corpus and cervix, albeit with somewhat different patterns. Thus, in contrast to NFILS-
IR nerve fibers, TRPV1-positive nerve fibers could not be detected in the corpus during 
labor. On the other hand, both of these types of fibers were observed in term pregnant 
corpus, although at levels that were markedly attenuated in comparison to the non-preg-
nant state. 

Expression of TRPV1 in the corpus uteri
TRPV1-IR nerve fibers were present within nerve fascicles in the non-pregnant corpus 
(Fig 8a). but only rarely in the term pregnant tissue prior to labor and not at all during 
labor. Their very low frequency in term pregnancy precluded statistical analysis.

Expression of TRPV1 in the cervix uteri 
Medium- to fine-caliber sized TRPV1-IR nerve fibers were observed in all cervical 
samples, as either single fibers or groups of fibers within nerve fascicles, scattered th-
roughout the stroma and in the vicinity of blood vessels (Fig 8b). There were no statis-
tically significant differences between the three groups with respect to the abundance or 
location of such nerve fibers.
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Fig 7 NGFR p75-IR nerve fascicles in non-pregnant corpus (a). Parallel sections from term 
pregnant cervix (b-d) processed for NGFR p75 (b), S-100 (c) and PGP 9.5 (d). A small 
sensory corpuscle is displayed with a distinct capsular NGFR p75-IR (b, arrows at capsule). 
Corresponding capsular regions in the S-100 (c) stained sections are also marked with arrows. 
Arrowhead indicates S-100-IR (c) and PGP 9.5-IR (d) in the interior of the corpuscle, V 
(b-d) at a transversely cut blood vessel. Two serial sections of a corpuscle in non-pregnant 
cervix stained for NGFR p75 (e) and PGP 9.5 (f). Asterix at corresponding region outside the 
corpuscle. Please note the compartmentalization in (e); NGFR p75-IR delineates the contours 
of the compartments (e, arrows). Intracorpuscular PGP 9.5-IR is observed in (f).
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Expression of NFILS in the corpus uteri
The NFILS-IR nerve fibers and fascicles were detected throughout all of the non-
pregnant samples of corpus tissue but were much less abundant (fibers/mm2) in samp-
les taken at term (p<0.0001)and during labor (p<0.01) (Fig 8c-d). In addition the total 
numbers of such nerve fibers were also lower in term pregnancy (p<0.001) and during 
labor (p< 0.05) but there was no significant differences between these values for the 
TP and TPL groups. 

Expression of NFILS in the cervix uteri
NFILS-IR nerve fibers, which were scattered throughout the stroma with only rare 
penetration into the basal epithelium, were present in equal numbers in the cervical 
tissue from all three groups. 

Fig 8. TRPV1-IR nerve fascicle in non-pregnant corpus (a) and a TRPV1-IR nerve fiber in term 
pregnant cervix (b). NFILS-IR nerve fascicle in non-pregnant corpus (c), parallel section to (a). 
Scale bars = 50µm. In (d) a histogram illustrating the profound decrease of NFILS-IR nerve 
fibers in TP corpus compared to NP (p<0.0001) and TPL in comparison with NP (p<0.01)

NP TP  TPL

d
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Neurotrophins and neurotrophin receptors
Expression of the neurotrophins NGF and BDNF and their specific receptors NGFR p75 
and TrkB in uterine tissue was examined employing immunohistochemistry. In addition, 
the levels of mRNA encoding NGFβ, BDNF, and the receptors NGFR p75, TrkA and 
TrkB in these same samples were determined by Real-Time PCR. 

Immunohistochemical analysis

Expression of the NGF and BDNF ligands in the corpus uteri
Binding of antibodies towards NGF was observed in corpus tissue from all three groups, 
frequently by cells exhibiting a fibroblast-like appearance, with a higher number of such 
cells being present in the TPL (Fig 9a, 11a). 
     Moreover, BDNF-IR nerve fascicles and cells were seen in the stroma of all three 
groups as well, with a larger number of such nerve fascicles in the TPL than in the NP 
group (Fig 10a-c, 12a). 

Expression of the NGF and BDNF ligands in the cervix uteri 
NGF-IR was expressed strongly by cells located in the ECM of all three types of cer-
vical tissue, being more frequent in the TPL group (Fig 9b, 11b). Similarly BDNF-IR 
nerve fascicles and cells (Fig 10c) were also detected in all three groups. These nerve 
fascicles which were most frequently located immediately beneath the squamous epi-
thelium, were considerably more numerous in TPL tissue than in cervical samples of 
NP and TP (Fig 10b). A striking additional finding in this connection was the presence 
BDNF immunoreactivity within epithelial cells.

Expression of the NGFR p75 and TrkB receptors in the corpus uteri
Nerve fibers expressing NGFR p75-IR were present in corpus tissue from all three 
groups, often grouped into nerve fascicles and in larger numbers in NP than in the preg-
nant tissue samples (Fig 7a). Furthermore, the nerve fascicles of this type in the non-
pregnant corpus exhibited distinct NGFR p75-immunoreaction in the perineurium but 
only indistinct immunoreaction during pregnancy and labor (Fig 7a). In addition, nerve 
fibers from all three groups stained weakly for TrkB.

Expression of the NGFR p75 and TrkB receptors in the cervix uteri 
In the case of all three groups of cervical tissue, nerve fascicles and fibers as well as 
cells, stained positively for NGFR p75. The immunoreactive nerve fascicles were both 
more common and more distinctly outlined in NP than in TP or TPL tissue. The TrkB-IR 
nerve fibers and cells detected in all three types of tissue samples stained very weakly, 
so that reliable counting of their numbers was not possible.
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Fig 9. NGF-IR cells in the laboring corpus (a) and cervix (b).

Fig 10. Section from NP corpus showing a BDNF-IR nerve fascicle (a). Nerve fascicles were 
more diffusely outlined in TP corpus (b) compared to NP. In the cervix opposed to the corpus 
BDNF-IR cells were detected intraepithelially (arrows, c), (SE= squamous epithelium).

Fig 11 a-b Histogram showing the relative increase of NGF-IR cells during labor in the corpus 
(a) and cervix (b) compared to NP.
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Real-Time PCR analysis

Corpus levels of mRNA encoding NGFβ and BDNF ligands
NGFβ mRNA was detected in all three types of tissue, at similar levels in the pregnant 
groups, but at significantly lower levels than in non-pregnant samples. In TP the NGFβ 
was down-regulated (p<0.001) in comparison to NP and in TPL (p=0.013) in compari-
son to NP (Fig 13a). BDNF mRNA expression was not detectable in any of the samples.

Cervical levels of mRNA encoding NGFβ and BDNF ligands 
The cervical level of NGFβ mRNA was significantly higher in the samples from term 
pregnant women in established labor than from those who underwent elective CS prior 
to the onset of labor (p=0.013), but, there were no significant differences in this respect 
between NP and the pregnant groups (Fig 13b).
BDNF mRNA could not be detected in any of our samples.

Corpus levels of mRNA encoding the NGFR p75, TrkA and TrkB receptors
The level of NGFR p75 mRNA was significantly attenuated in term pregnancy in com-
parison to the non-pregnant state (p<0.001), and there was a similar trend with labor 
(p=0.051) for NP versus TPL, but no statistically significant differences in this level bet-
ween the TP and TPL groups. The level of TrkA mRNA increased significantly in term 
pregnancy (p<0.01) and during labor (p<0.03) compared to the non-pregnant state (Fig 
14a). However there were no significant differences between the pregnant groups.

TrkB mRNA expression was significantly down-regulated at term (p<0.001) 
and during labor (p=0.014) compared to the non-pregnant tissue, but there were no 
significant differences between the pregnant groups.

Cervical levels of mRNA encoding the NGFR p75, TrkA and TrkB receptors
The mRNA species coding for NGFR p75, TrkA (Fig14b) and TrkB did not differ signi-
ficantly between the groups. However, the level of TrkA mRNA expression showed an 
upward tendency in labor (Fig 14b).
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Fig 12. Histogram showing the relative increase of BDNF-IR nerve fibers in the corpus during 
labor, TPL (a) and cervix, TPL (b) as compared to NP
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Together, these findings reveal a noteworthy pattern involving elevated numbers of 
NGF-IR cells together with significant up-regulation of the expression of NGFβ mRNA 
expression in the cervix of women in established labor, in comparison to those prior to 
the onset of labor. In a similar manner, a pronounced increase in the number of nerve 
fascicles staining positively for BDNF was observed in both the corpus and cervix of 
subjects in labor. BDNF mRNA could easily be detected when hippocampal cDNA was 
used as control for the primer. However, we could not detect any mRNA expression in 
samples from either corpus or cervix uteri.

The receptors NGFR p75, TrkA and TrkB did not reveal any significant differences 
in mRNA expression between the cervical groups. Cervical NGFR p75-IR nerve fibers 
decreased in NP and TPL. In the case of the corpus the levels of NGFβ, NGFR p75, and 
TrkB mRNA were all lower in the pregnant than in the non-pregnant tissue.
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Fig 13. Box plots illustrating the significant decrease of NGFβ mRNA expression in the term 
pregnant corpus compared to non-pregnant (a, p<0.001) and also comparing corpus in TPL 
with NP (a, p=0.013). Note the significant up-regulation of NGFβ mRNA expression in the 
cervix during labor compared to TP (b, p=0.013).

NP TP  TPL NP TP  TPL

Fig 14. Box plots showing the increase of TrkA mRNA expression in the corpus in 
pregnancy and labor compared with NP (a) TP, p=0.01, TPL p<0.03). The differences 
between the cervical groups (b) did not reach significance.
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DISCUSSION

Labor pain is a complex, multidimensional experience in response to the sensory stimuli 
generated during parturition. Despite extensive research much still remains to be eluci-
dated concerning alterations in the innervation of the human uterus in association with 
term pregnancy and labor. Improved understanding of such alterations will help reveal 
the underlying mechanisms of labor pain.

The main findings described in this thesis concern 1, the profound differences in the 
innervation of the human corpus uteri and cervix following term pregnancy and during 
labor, 2, the preservation of TRPV1 expression in the cervix but not in the corpus under 
these conditions, 3, elevated uterine levels of NGF and BDNF immunoreactions and 4, 
an elevated cervical level of NGFβ mRNA during labor in comparison to non-pregnant 
controls. In addition, the presence of sensory nerve corpuscles in the human uterus is 
here documented for the first time.

Our examinations were performed on corporal biopsies excised from the upper edge 
of the lower uterine segment, i.e., the area in which incision is performed for cesarean 
section and from the corresponding site after hysterectomy in NP. The question often 
arises as to whether this region is representative for the entire corpus or resembles 
instead the cervix in its structure and function. Luckas and Wray have observed no 
significant differences in the extent and rate of contractile force generated by comparing 
the upper and lower uterine segment (Luckas and Wray 2000). Furthermore, the isthmus 
consists predominantly of muscle fibers, in similarity with the rest of the corpus and 
in contrast to the cervix (Schwalm and Dubrauszky 1966). In certain studies, the 
innervation of so-called cervical biopsies taken from the lower edge of the CS incision 
has been reported to differ from that of the fundus (Bryman et al. 1987). However, here 
we document clear differences in the innervation of the isthmic region and the anterior 
cervical lip. 

As revealed by staining for PGP 9.5 of the corpus, but not of the cervix, a 
pronounced reduction in the numbers of positively stained nerve fibers was displayed 
following term pregnancy and during labor (Paper I). Moreover, a similar pattern was 
observed upon staining immunohistochemically for TRPV1 (Paper III) and NGFR 
p75 (Paper IV). These observations are consistent with earlier findings concerning 
the general uterine innervation in association with pregnancy and labor in rodents 
(Klukovits et al. 2004; Lundberg et al. 1988). Furthermore, in humans a similar pattern 
was obtained using S-100 as a neuronal marker (Bryman et al. 1987; Wikland et al. 
1984). Stjernholm and co-workers (1999) demonstrated that cervical staining for PGP 
9.5 is preserved both during term pregnancy and labor (Stjernholm et al. 1999). 

Discussion  35



  B Karlsson Tingåker

This profound decrease in the number of nerve fibers in the pregnant corpus appears 
to involve several different types of fibers. Employing electron microscopy Morizaki 
and colleagues (1989) observed lower numbers of both adrenergic and cholinergic 
nerves fibers in the term pregnant corpus than in the corresponding non-pregnant tissue, 
but these investigators did not examine the pregnant cervix or samples from women 
in labor (Morizaki et al. 1989). To the best of our knowledge, the study documented in 
Paper I is the first to demonstrate alterations in the numbers of PGP 9.5-IR nerve fibers 
in both the corpus and cervix uteri during labor.

Although the functional reason for this selective denervation of the corpus during 
pregnancy remains to be determined, this phenomenon indicates clearly that the corpus 
and cervix function separately, at least to some extent, despite being regarded as parts 
of a single organ. During pregnancy the corpus distends in order to accommodate the 
growing fetus. In contrast, the unripe cervix does not distend and remains closed until 
cervical ripening and the onset of labor despite the increasing pressure. Under optimal 
conditions, the separate functions of these two entities are coordinated to achieve 
successful delivery of the infant.

Uterine distention and contraction as well as cervical effacement and dilatation 
represent changes that might be recognized by mechanosensory neurons, e.g., sensory 
copuscles. Sensory corpuscles are present in a variety of tissues including the skin, joint 
capsules and ligaments (Del Valle et al. 1998; Hagert et al. 2004; Malinovsky 1996; 
Zimny 1988) where they convey proprioceptive information. Corpuscle-like structures 
have also been observed in the colon, urinary bladder and external male genitalia 
(Halata and Munger 1986; Landon and Wiseman 2001; Wills et al. 2003). 

Here, we demonstrate for the first time the presence of structures identified as 
sensory corpuscles in the human corpus and cervix uteri. The morphology of these 
structures clearly distinguishes them from the nerve fascicles in these same tissues. 
Their identification in the present investigation employing parallel staining for NGFR 
p75, S-100 and PGP 9.5 is the same approach commonly used in previous studies 
designed to identify sensory corpuscles (Hagert et al. 2005; Hagert et al. 2004; Lopez et 
al. 1998). 

The uterine corpuscles observed here fall into two major categories, i.e., those 
displaying a well-developed capsule with distinct staining for NGFR p75 (Fig 7b), 
and others with diffuse NGFR p75-IR in their capsule and, frequently, an interior that 
appears compartmentalized (Fig 7e). These same two types of corpuscles have also 
been seen in other locations, including the skin, and periodontium (Byers 1990; Maeda 
et al. 1999; Vega 1996; Vega et al. 1996). Our examinations revealed PGP 9.5-IR nerve 
fibers (Fig 7f) together with S-100 immunoreactivity in the interior of the corpuscular 
structures. These findings are consistent with previous reports that the central arborizing 
sensory axons of sensory corpuscles in the skin, as well as the posterior crucial and the 
scapholunate interossus ligaments are surrounded by Schwann cells that express the 
S-100 protein (Albuerne et al. 1998; Del Valle et al. 1998; Gonzalez-Martinez et al. 
2003; Hagert et al. 2004). 

Sensory corpuscles are categorized in different ways by different investigators 
and even the characteristics of a given type can vary. The corpuscles with distinct 
capsules exhibiting pronounced staining for NGFR p75 observed here, bear a close 
resemblance to small Pacini corpuscles (Vega 1996; Vega et al. 1996) whereas the other 
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type of uterine sensory corpuscles show similarities to Ruffini corpuscles (Halata et 
al. 1999). Although both of these types of corpuscles are specialized for the perception 
of alterations in pressure, tension and vibrations the Pacini corpuscles are regarded 
as exhibiting a low threshold and rapid adaptation, while the Ruffini type is a slowly 
adapting mechanoreceptor that responds to relatively slight changes in tension (Halata 
et al. 1999; Johansson et al. 1991; Zimny 1988). 

We detected sensory corpuscles in the non-pregnant corpus and cervix and in the 
term pregnant cervix before the onset of labor, but not in any uterine biopsy taken 
during labor. Although their functions in the uterus are presently unknown, it is 
tempting to propose that these sensory corpuscles act as structures in protective reflexes 
and they participate in the intricate coordination required between the functioning of the 
cervix and the corpus. It has been suggested that the density of corpuscles in ligaments 
is directly related to the occurrence of protective reflexes in connection with extreme 
movements and that Pacini corpuscles protect and stabilize joints (Backenkohler et al. 
1997; Johansson et al. 1991). 

The non-pregnant corpus uteri, which is composed primarily of smooth muscle, 
responds to elevated pressure and distension with pain and small contractions (Schwalm 
and Dubrauszky 1966). It might be speculated that sensory corpuscles protect and 
stabilize trying to regulate the muscle tonus and the size of the non-pregnant uterus. 
In contrast, during pregnancy, when the corpus must enlarge and distend without 
contracting a parallel disappearance of discernible sensory corpuscles occurs. Whether 
this disappearance is involved in the prevention of premature contractions is an 
interesting possibility that remains to be studied. Moreover, since sensory denervation 
leads to the degeneration of sensory corpuscles, the pronounced reduction in the total 
number of nerve fibers in the pregnant corpus may be related to the disappearance of 
sensory corpuscles (Albuerne et al. 1998; Kopp et al. 1997). 

In contrast to the corpus, sensory corpuscles were observed in the cervix both in 
the non-pregnant tissue and in term pregnancy, but not after the onset of labor. These 
sensory corpuscles were thus not detected when the profound stretching, changes in 
pressure and displacement associated with cervical ripening and dilatation occurred. 
Accordingly, the cervical sensory corpuscles may be involved in the prevention of 
premature ripening and dilatation, although further investigations designed to elucidate 
the morphological characteristics and functions of the uterine sensory corpuscles in 
detail are clearly required.

The complex processes that result in softening and effacement of the cervix 
involve a multitude of factors, including prostaglandins, cytokines, nitric oxide and 
neuropeptides, as well as infiltration of the ECM by inflammatory cells (Chwalisz and 
Garfield 1998; Collins et al. 2002; Gibb 1998; Kelly 2002; Kirby et al. 2005; Liggins 
1978; Osman et al. 2003; Sennstrom et al. 2000; Tornblom et al. 2005; Winkler et al. 
1999). All these factors are known to play a role in inflammatory reactions. Cervical 
ripening is generally considered to be an inflammatory process associated with 
profound remodeling of the ECM. It is also noteworthy that all of these same mediators 
participate in nociception (Griffis et al. 2006; McDougall 2006; McMahon and 
Koltzenburg 2006; Rowlands and Permezel 1998). 
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Neurotrophins and TRPV1 have been reported to be additional mediators of 
inflammatory pain and for this reason we performed the first examination of the possible 
presence of these factors in the corpus and cervix uteri following term pregnancy and 
during labor, with comparison to the corresponding non-pregnant tissues (Pezet and 
McMahon 2006);(Bennett 2001; Julius and Basbaum 2001; Levi-Montalcini et al. 1996). 
Concerning NGF mRNA and the protein levels, they are both considerably elevated 
in the inflamed tissues associated with various conditions, e.g., arthritis, pneumonitis 
and interstitial cystitis (Huang and Reichardt 2001; Levi-Montalcini et al. 1996; 
Nockher and Renz 2005; Rihl et al. 2005; Tortorolo et al. 2005), an increase that may 
be mediated by an initial rise in cytokine levels (Levi-Montalcini et al. 1996; Pezet and 
McMahon 2006). In addition, uterine immunohistochemical staining for NGF has been 
reported to be enhanced in connection with the painful condition of endometriosis (Anaf 
et al. 2002). 

We observed that the numbers of NGF-positive cells in the cervix during labor were 
clearly higher than in term pregnancy prior to the onset of labor or in the non-pregnant 
state (Fig 11b). This change occurs in parallel with the substantial increase in cytokine 
levels associated with in the inflammatory process of cervical ripening (Osman et al. 
2003; Sennstrom et al. 2000). In addition to its production in neuronal tissue, NGF is 
synthesized by a variety of other types of cells, including fibroblasts, macrophages and 
mast cells all of which participate in cervical ripening (Huang and Reichardt 2001; 
Levi-Montalcini et al. 1996; Malmstrom et al. 2007; Nockher and Renz 2005; Osman 
et al. 2003; Winkler et al. 1999). Our finding that, in parallel with the increase in the 
NGF-positive cell population, the expression of the corresponding NGFβ mRNA is also 
up-regulated in the cervix during labor (p=0.013) compared to the TP group, suggests 
local synthesis of this factor, possibly under the regulation of cytokines as well as its 
involvement in cervical ripening (Bennett 2001; Levi-Montalcini et al. 1996). 

In contrast to the cervix, the NGFβ mRNA expression in the laboring corpus was not 
elevated. Osman et al have reported an inflammatory reaction in the myometrium during 
labor (Osman et al. 2003). Therefore we had expected an increase in the NGFβ mRNA 
expression in parallel with the increase of NGF-IR cells. Nevertheless, it is tempting 
to speculate that the weak upward tendency in the NGFβ mRNA expression in TPL 
compared to TP might have reached significance with analyses of a larger number of 
subjects (Fig 13a) Similar findings with a decrease of NGFβ expression in corpus during 
pregnancy have been observed in rodents (Lobos et al. 2005; Varol et al. 2000). 

The NGFβ mRNA expression was down-regulated in the pregnant corpus as was 
the levels of mRNA encoding the receptors NGFR p75 and TrkA. However, in the 
cervix, the NGFβ mRNA was up-regulated during labor in contrast to NGFR p75 and 
TrkA mRNA expression. Nonetheless, NGFR p75-IR cells were present in the cervix, 
especially during labor, whereas the numbers of NGFR p75-IR nerve fibers in both the 
corpus and cervix were reduced in association with term pregnancy both prior to and 
after the onset of labor. Together, these findings show that the patterns of NGF and 
NGFR p75-IR cells, as well as NGFR p75 positive nerve fibers change in parallel with 
cervical ripening and denervation of the pregnant corpus indicating that these factors 
may participate in both of these processes.
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BDNF is a neuromodulator synthesized primarily by a subpopulation of small 
and medium-sized sensory neurons in the DRG (Bennett 2001; Pezet et al. 2002). In 
experimental models of inflammatory pain, expression of BDNF is dramatically up-
regulated at both the mRNA and protein levels (Pezet et al. 2002). Expression of this 
factor has also been observed in connection with inflammatory conditions such as 
spondyloarthritis, as well as in lungs infected by respiratory syncytial virus (Rihl et al. 
2005; Tortorolo et al. 2005). 

In the present investigation, a pronounced elevation in the numbers of BDNF-IR 
nerve fascicles was seen in both the corpus and cervix during labor in strong contrast to 
the reduction in the total number of immunoreactive nerve fibers in the pregnant corpus 
(as revealed after staining for PGP 9.5). Possibly the barrage of nociceptive impulses 
accompanying labor enhances the expression of BDNF. This increase coincides with 
the inflammatory processes involved in cervical ripening and labor, as well as with 
the elevations in the number of NGF-IR cells and in the expression of NGFβ mRNA. 
In TrkA dependent sensory neurons, BDNF expression has been reported to be up-
regulated under inflammatory conditions via an NGF-dependent mechanism (Apfel et 
al. 1996; Pezet and McMahon 2006). 

Morover, cells staining weakly for BDNF were also present in the stroma of both the 
corpus and cervix. Unexpectedly, BDNF-IR cells were seen intraepithelialy in addition 
to subepithelial cellular immunoreactions in cervical tissue, possibly indicating a role 
for this factor in the epithelial signaling process that brings about cervical ripening. At 
the same time, BDNF mRNA expression could not be detected in any of our biopsies. 
Perhaps, the uterus contains a particular splice variant of this factor whose mRNA 
cannot be amplified employing the two primers we chose (Paper IV). It should be 
remembered that BDNF is produced primarily in the DRG, from where it is transported 
to target tissues via sensory nerve fibers.

In addition to the roles they play in inflammatory processes, NGF, BDNF and their 
receptors act as important mediators and modulators of nociceptive pain (Pezet and 
McMahon 2006). Enhanced expression of NGF and BDNF in inflammatory conditions 
leads to recruitment of neuropeptides such as substance P (SP) and  calcitonin gene-
related peptide (CGRP), as well as elevated levels of ion channels (e.g.  TRPV1) 
and other pain-associated receptors (Bennett 2001; Julius and Basbaum 2001; Levi-
Montalcini et al. 1996; McMahon and Koltzenburg 2006; Pezet et al. 2002; Pezet and 
McMahon 2006). Pre-synaptic stimulation of afferent nociceptive fibers induces the 
release of BDNF and activation of TrkB receptors, leading to post-synaptic excitability 
(McMahon and Koltzenburg 2006; Pezet et al. 2002).

Although the cation channel TRPV1 is expressed primarily in nociceptors, this 
channel is also expressed by non-neuronal tissues such as smooth muscle, the bladder 
urothelium, polymorphonuclear granulocytes and macrophages (Caterina and Julius 
2001; Cortright and Szallasi 2004; Julius and Basbaum 2001). The activation and/
or modulation of TRPV1 by various inflammatory mediators gives rise to nociceptive 
signals (Cortright and Szallasi 2004; Di Marzo et al. 2002; Ma and Quirion 2007). 
Together, these observations make it likely that TRPV1 participates in eliciting the pain 
caused by inflammatory mediators in the ripe and laboring cervix. This proposal gains 
further support from findings in connection with painful inflammatory diseases, such 
as inflamed human oesophagus, non-erosive reflux disease, painful bladder syndrome 
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and vulvodynia (Bhat and Bielefeldt 2006; Matthews et al. 2004; Mukerji et al. 2006; 
Tympanidis et al. 2004). In these conditions, the number of nerve fibers staining 
positively for TRPV1 is enhanced.

In this investigation the TRPV1-IR nerve fascicles present in the non-pregnant 
corpus uteri were found to have disappeared almost completely following term 
pregnancy and could not be detected at all in biopsies of the corpus taken during labor. 
In contrast, medium to fine TRPV1-IR nerve fibers were exhibited by all of our cervical 
tissue samples (NP, TP, TPL) as single fibers or fascicles. They were located beneath 
the squamous epithelium, scattered throughout the stroma and in the vicinity of blood 
vessels. This reduction in the number of TRPV1-immunoreactive nerve fibers in the 
corpus following term pregnancy is similar to the decreases in immunostaining for PGP 
9.5, NFILS and NGFR p75-IR. 

Although, immunohistochemical reactivity and levels of mRNA are not directly 
comparable, it is interesting to note that the levels of NGFβ and TrkA mRNA increased 
in the same manner. Overall, the up-regulation of the level of NGFβ mRNA together 
with the increases in numbers of NGF and NGFR p75-positive cells and BDNF-nerve 
fibers in the laboring cervix indicate that TRPV1 plays a role in cervical ripening.
TRPV1, which plays a complex multifunctional role in regulating pathways of 
inflammatory pain is activated directly or indirectly by a number of inflammatory 
mediators involved in cervical ripening, including prostaglandins, neuropeptides, 
cytokines and neurotrophins. (Cortright and Szallasi 2004; Ma and Quirion 2007). 
Moreover, prostaglandins also lower the threshold temperature required for TRPV1 
activation (Caterina et al. 1997; Ma and Quirion 2007). In connection with various 
painful inflammatory diseases, the levels of cytokines and TRPV1 increase in parallel 
(Bhat and Bielefeldt 2006; Matthews et al. 2004). Furthermore, TRPV1 has been 
proposed to trigger the release of the neuropeptides SP and CGRP from peripheral 
nerve terminals that occurs under inflammatory conditions (Caterina and Julius 2001). 
In addition, the algogenic mediator bradykinin enhances the sensitivity of nerve cells 
to TRPV1 via pathways involving protein kinase C or phospholipase C (Julius and 
Basbaum 2001; Ma and Quirion 2007; Premkumar and Ahern 2000). 

Another observation of interest in this context is that NGF and BDNF interact with 
TRPV1 and here we document the presence of NGF, BDNF and TrkA in the pregnant 
cervix uteri (Di Marzo et al. 2002; Ji et al. 2002; Julius and Basbaum 2001; Pezet 
and McMahon 2006). In the labouring cervix, the numbers of NGF-positive cells and 
BDNF-immunoreactive nerve fibers, as well as the level of NGFβ mRNA were elevated. 
From previous studies parallel increases in the levels of TRPV1 and neurotrophins are 
known to occur in this same situation. Such elevated levels of TRPV1 in peripheral 
nociceptor terminals commonly restricted to those that express TrkA and are located in 
an inflamed tissue, result from NGF-mediated activation of the p38 MAPK system (Di 
Marzo et al. 2002; Ji et al. 2002; Julius and Basbaum 2001; Lever et al. 2001; Pezet and 
McMahon 2006). Although the TrkA mRNA was not significantly up-regulated during 
labor, there was an upward tendency which maybe could have reached significance 
with a larger number of subjects (Fig 14b). Our finding that the levels of inflammatory 
mediators and TRPV1 in the cervix are enhanced during cervical ripening and labor 
indicates that TRPV1 plays a role in connection with labor pain.
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Labor pain is unique as being a visceral, nociceptive intermittent type of temporary 
pain which is, moreover, linked to a normal physiological event. Although this pain 
is usually described as being mediated by mechanical distension of the lower uterine 
segment and the cervix during contractions, the source of uterine nociception has 
not yet been elucidated in detail (Brownridge 1995; Lowe 2002; McMahon and 
Koltzenburg 2006; Rowlands and Permezel 1998). During early stages of pregnancy, 
women often complain of diffuse lower abdominal pain, which usually subsides 
after the initial few months. This phenomenon would seem to be in line with the 
observations reported in Paper I concerning the rich innervation of the non-pregnant 
corpus and the “denervation” that occurs during the later stages of pregnancy. 

The fact that a relatively small increase in intrauterine pressure in the non-pregnant 
uterus causes pain suggests that mechanosensitive nociceptors are present in the corpus. 
However, as pregnancy proceeds and the uterus grows, the type of lower abdominal 
pain described above disappears until the onset of labor. Possibly, certain of the PGP 
9.5-IR nerve fibers observed in non-pregnant uterus are mechanosensitive nociceptors 
that “disappear” or become “silent” as pregnancy proceeds. The sensory corpuscles 
described in Paper II can be assumed to be primarily mechanosensitive (proprioceptive) 
rather than nociceptive, since these are not detectable in the laboring cervix, which 
receives a barrage of afferent nociceptive impulses. 

The intensity of labor pain commonly increases as cervical dilatation progresses and 
as the pressure escalates as a consequence of contractions and the descent of the fetus. 
Here, we demonstrate that the levels of both neurotrophins (as reflected in the levels 
of NGFβ mRNA, NGF-positive cells and BDNF-positive nerve fibers) and TRPV1 
are higher in the laboring cervix than in NP and TP. These findings lend support to 
our hypothesis that to a large extent, labor pain originates from the combined action 
of cervical nociceptors sensitized by the inflammatory process and the activation 
of mechanoreceptors that were previously silent. Since these mechanosensitive 
nociceptors are activated by the increase in pressure caused by contractions, the pain 
subsides between contractions. 

This proposal is consistent with a number of previous findings. It is generally 
accepted that nociceptors are polymodal in nature and mechanically insensitive 
nociceptors have been reported to be sensitized by tissue injury, in the present context 
due to inflammation (Gebhart 2000; McMahon and Koltzenburg 2006). In addition, the 
analgesic effect achieved with paracervical blockade indirectly support our conclusion 
that labor pain originates primarily from the cervical region (Ranta et al. 1995; Rosen 
2002).

Considered together, the observations reported here support our hypothesis that 
labor pain emanates primarily from the cervix. The intermittent nature of labor pain 
is most readily explained as a consequence of the combined action of pressure and 
inflammation on previously silent nociceptors in the cervix and isthmic region of the 
corpus, but activated during the process of labor. 
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CONCLUSIONS

Immunohistochemical staining for PGP 9.5, a general marker of innervation, • 
revealed profound reduction in the number of immunoreactive nerve fibers 
in term pregnant human corpus both prior to and after the onset of labor in 
comparison to the non-pregnant tissue. In contrast, the cervical innervation is 
preserved during pregnancy and parturition. 

Sensory corpuscles were detected in the non-pregnant and term pregnant human • 
cervix prior to the onset of labor but only in the non-pregnant state in the case of 
the corpus.

Nerve fibers expressing TRPV1 were identified in the human uterus for the first • 
time. In the corpus, such nerve fibers are abundant in the non-pregnant state but 
rare in term pregnancy and undetectable during labor. In contrast, the density 
of these nerve fibers in the cervix is unaltered during either term pregnancy or 
parturition.

Expression of NGFβ mRNA was found to be up-regulated in the cervix during • 
labor. In addition, the numbers of NGF-IR cells and BDNF-IR nerve fibers in 
both the cervix and the corpus are higher during labor than in term pregnancy 
prior to the onset of labor or in the non-pregnant state. 

In summary, these changes in the corpus and cervix that occur during term 
pregnancy and labor, together with the differences between these two tissues, reveal 
unambiguously that labor pain emanates primarily from the cervix.
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FUTURE PERSPECTIVES

Future Perspectives  45

Since we could not detect BDNF mRNA in our biopsies it would be worthwhile to exa-
mine the reason for this apparent absence by employing other PCR primers. In addition, 
it would be of value to examine the BDNF protein itself in the cerebrospinal fluid (CSF) 
from the same subjects in order to disclose possible interaction between the peripheral 
and central nervous system.  Furthermore, it would be of interest to look for the presen-
ce of NGF, and TRPV1 in the same CSF samples as well. 

The identity of the cervical cells that stain positively for NGF, BDNF, NGFR p75 
and TrkB should be probed in more detail utilizing specific markers. 

The finding of TRPV1-IR nerve fibers in the human cervix and the absence of 
such nerve fibers in the corpus in term pregnancy and during labor, further support our 
hypothesis that labor pain primarily emanates from the cervix. Paracervical blockade 
is an established method for alleviation of labor pain, but with undesired side-effects, 
e.g. fetal bradycardia and with variable efficacy. The findings presented in this thesis 
motivate investigations to further elucidate the mechanisms involved in the origin 
of cervical nociception. This could provide a basis for the development of simpler, 
and more effective peripheral strategies for alleviating this pain. From a worldwide 
perspective, very few women have access to proper labor pain relief. However, further 
research resulting in new methods to treat labor pain, could bring help for those many 
women requireing pain relief. In addition, procedures for effective alleviation of labor 
pain might also exert a beneficial effect on other types of pain emanating from similar 
nociceptive pathways, as well as caused by pain during obstetric and gynecological 
procedures.
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