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Abstract

Purpose To assess endometrial gene as well as protein

expression of neuroendocrine and supposedly endometri-

osis-associated product PGP9.5 and pain symptoms in

women with endometriosis and controls undergoing lapa-

roscopy, using molecular biological and immuno-histo-

chemical approaches in the same patients.

Methods Biopsy of eutopic endometrium from 29 patients

by sharp curettage, and preparation of paraffin blocks.

Determination of PGP9.5 gene expression and protein

abundance using qPCR and immuno-histochemistry.

Results qPCR; The PGP9.5 mRNA expression level

between women with (N = 16) and without (N = 13)

endometriosis was not different, regardless of pain symp-

toms or menstrual cycle phase. PGP9.5 expression was

higher in women who reported pain compared to those who

did not; however, this association was not statistically

significant. The expression of PGP9.5 mRNA was higher in

women with endometriosis and pain during the prolifera-

tive than in the secretory phase (P = 0.03). Furthermore, in

the first half of the cycle, the abundance of the PGP9.5

transcript was also significantly higher in endometriosis

patients compared to those without (P = 0.03). Immuno-

histochemistry; Thirteen of the 16 endometriosis patients

showed positive PGP9.5 immuno-reactivity in the endo-

metrium, whereas no such signal was observed in women

without endometriosis. The absolute number of nerve fibres

per mm2 in women with endometriosis was similar,

regardless of the pain symptoms.

Conclusions PGP9.5 mRNA expression is increased in

the proliferative phase of endometriotic women with pain.

The presence of nerve fibres was demonstrated by a

PGP9.5 protein signal in immuno-histochemistry and

restricted to patients with endometriosis. Based on these

results, however, there did not appear to be a direct asso-

ciation between the gene expression and protein abundance

in women with and without endometriosis or those that

experienced pain.

Keywords Endometriosis � PGP9.5 expression � Eutopic

endometrium � Pain � Nerve fibres

Introduction

Endometriosis is characterised by the presence of lesions

composed of endometrial-like glands and stroma in the

peritoneal cavity. It is considered a non-malignant condi-

tion; however, it does share some components with

malignancy, such as angiogenesis, abnormal apoptotic

patterns, unrestrained cellular proliferation and rare inva-

sion of distant organs (e.g., lungs, pleura and brain) [1–3].
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Chronic pelvic pain is the most distressing symptom in

most women with endometriosis. It is not only related to

menstrual discomfort, it also affects other aspects of patient’s

everyday quality of life, such as sexual intercourse, emotional

interaction, social activity, family relations and work perfor-

mance. The mechanisms generating pain in women with

endometriosis are not completely understood. The spectrum

of symptoms characteristic of endometriosis could be

explained by nociceptive transmission induced by inflam-

matory mediators produced by numerous cell types in women

with endometriosis, which might be associated with the pain

symptoms linked with visceral sensitisation [4]. Furthermore,

profuse infiltration of nociceptors on sensory Ad and C fibres

(peptidergic fibres NTRK1 and SP positive) has been reported

in deep infiltrating endometriosis from the cul-de-sac, utero-

sacral ligament and intestinal lesions [5].

In recent years, the findings of Tokushige et al. [6–8]

and Al-Jefout et al. [9, 10] regarding the presence of pro-

tein gene product 9.5 (PGP9.5) positive nerve fibres in the

functional layer of the endometrium of some women with

endometriosis, but never in those without the disease, and

in endometriotic lesions have promoted a growing interest

in this area. PGP9.5 (also known as ubiquitin carboxyl-

terminal esterase L1, UCHL1) is a cytoplasmic thiol-

esterase restricted to nervous and neuroendocrine cells and

it is involved in nerve cell differentiation, neuronal ubiq-

uitination, ubiquitin ligation to target proteins for proteol-

ysis, ubiquitin detachment from ubiquitin chains, apoptosis

and cell cycle regulation [11]. PGP9.5 is a C-terminal

hydrolase that dissociates ubiquitin peptidic bonds and thus

regulates proteolysis mediated by proteasomes and ubiq-

uitin signalling [12, 13]. This de-ubiquitinase, like many

others, helps to regulate the balance of protein degradation

by detaching ubiquitin from specific substrates and by

recycling it, increasing in this way its availability for the

destruction of other proteins [14].

Given that it has been suggested that PGP9.5 might be

involved in degradation processes and possible regulation

of neuronal lifespan and differentiation [15] we decided to

investigate a possible correlation between the endometrial

expression of the PGP9.5 gene and pain symptoms in

women with endometriosis, using quantitative polymerase

chain reaction (qPCR) to assess the levels of transcription,

and immuno-histochemistry (IHC) to confirm post-tran-

scriptional expression.

Materials and methods

Tissue collection and patient details

Endometrial tissue samples were collected by sharp

curettage (using a 6 or 7 mm curette); two to three strips

from each subject were formalin fixed and paraffin

embedded (FFPE) for the study and the remainder was sent

for routine pathology assessment. Twenty-nine FFPE

endometrial tissue samples were obtained from women

with (N = 16) and without (N = 13) peritoneal endome-

triosis. Biopsies from patients confirmed to have no

endometriosis were collected from women who had

undergone laparoscopy due to unexplained infertility. The

same specimens were used for RNA and protein analyses

in an effort to directly compare gene expression and protein

abundance in the same sample. The tissue samples were

divided into four subgroups: (1) endometriosis patients

with pelvic pain (N = 9, four in proliferative and five in

secretory phases), (2) endometriosis patients without pelvic

pain (N = 7, two in proliferative and five in secretory

phases), (3) disease free women with pain (N = 7, four in

proliferative and three in secretory phases), and (4) disease-

free women without pelvic pain (N = 6, three in both

proliferative and secretory phases each). None of the par-

ticipants was under hormonal treatment. Ethics approval

was obtained from the Institutional Ethics Committees

from the Royal Prince Alfred Hospital, Sydney and the

University of Sydney. Patients were recruited prior to

admission for laparoscopic surgery and gave fully informed

and signed consent to participation. The researchers were

blinded to the diagnosis until laboratory data were

analysed.

RNA isolation and qPCR

The tissues were cut at 12 lm for total RNA extraction.

RNA was isolated after scraping, dewaxing with xylene

and rehydrating with 100 % ethanol using the RNeasy

FFPE Kit (Qiagen). RNA of sufficient concentration and

spectroscopic quality was obtained from all samples

except two, and 250 ng of each were reverse transcribed.

A pre-amplification of the cDNA was performed prior to

gene expression analysis with the TaqMan PreAmp

Master Mix and a pooled mixture of all subsequent gene

expression assays at 0.29 concentration. Subsequently,

real-time PCR was performed, after dilution, with the

TaqMan Fast Advanced Master Mix using a Corbett

Rotor-Gene RG-2000 cycler for GAPDH, HPRT1 and

ACTB as housekeeping genes, and for PGP9.5 as the

gene of interest. All amplicon sizes ranged between 60

and 84 bp. Table 1 shows the sequences of the primers

used. No template controls were included for RT and for

each qPCR run. The raw data were analysed with the

Biogazelle software (Biogazelle, Zwijnaarde, Belgium)

and gene expression for each individual sample was

defined as the fold change from an arbitrary calibrator

sample. A P value of less than 0.05 was considered

significant.
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Immuno-histochemistry

The FFPE tissue blocks were cut at 4 lm thickness,

mounted onto SuperFrost Ultra Plus microscope slides

(Menzel Glaser-Braunschweig, Germany) and dried at

60 �C for 1 h. Dried slides were deparaffinised through

xylene and descending concentrations of alcohol to water.

Deparaffinised slides for immuno-histochemical staining

underwent antigen retrieval for 20 min in pre-heated

100 �C pH 9.0 target retrieval solution (Dako, Denmark

A/S, Denmark). Slides were cooled for 30 min and rinsed

in a tris-buffered saline (TBS) bath in two changes and

incubations of 5 min each. The immuno-histochemical

staining was performed using the Dako Autostainer Model

S3400 (Dako, Carpinteria, CA, USA). A 3 % hydrogen

peroxide block (Dako A/S, Denmark) was applied for

10 min followed by the addition of polyclonal rabbit anti-

PGP9.5 (dilution 1:1,400, incubated 30 min, Dako A/S,

Denmark). Following primary antibody incubation, the

sections were further incubated with alkaline phosphatase/

RED, and streptavidin alkaline phosphatase (Dako, Den-

mark) for 15 min each. Staining was visualised with Fast

Red chromogen (Dako) for 10 min. Slides were counter-

stained with Mayer’s haematoxylin (Fronine Pty, Austra-

lia) and blued in 2 dips of Scott’s bluing solution, and then

dried and mounted using Ultramount No 4 (Fronine Pty).

Statistical analyses were conducted using independent

samples Student’s t tests with an alpha value set at

P \ 0.05 to explore differences between groups.

Results

Expression of PGP9.5 RNA in women

with and without endometriosis

A comparison of PGP9.5 mRNA expression between

women with endometriosis (1.541 ± 0.243, mean ± SEM,

N = 16) and without (1.123 ± 0.211, N = 13) endome-

triosis found no significant difference (P = 0.220, Fig. 1a).

A similar analysis on PGP9.5 mRNA expression based on

the pain reported and irrespective of the presence of

Table 1 Primers used for qRT-PCR

Gene Gene Bank

accession number

TaqMan gene

expression assay

number

Amplicon

size (bp)

GAPDH NM_002046 Hs00266705_g1 74

HPRT1 NM_000194 Hs01003267_m1 72

ACTB NM_001101 Hs01060665_g1 63

PGP9.5 NM_004181.3 Hs00985157_m1 80

Fig. 1 Comparison of PGP9.5 mRNA expression based on the presence of endometriosis (panel a), pain (panel b), menstrual cycle phase (panel

c) and in comparison with each other (panel d). Values are mean ± SEM
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endometriosis or the menstrual cycle phase found that

PGP9.5 gene expression was higher, although not quite at a

level to reach statistical significance (P = 0.066) in women

who reported pain (1.627 ± 0.259 fold change compared

to the calibration sample, N = 16) compared to those who

did not (1.017 ± 0.151 fold change, N = 13) (Fig. 1b). A

comparison between the menstrual cycle phases of all

women also found no significant difference (P = 0.391)

between proliferative (1.485 ± 0.257, N = 16) and secre-

tory phases (1.193 ± 0.193 fold change, N = 13 Fig. 1c).

When all groups were stratified to include the three

variables (endometriosis, pain and menstrual cycle phase)

the largest expression of PGP9.5 mRNA occurred in

women with endometriosis that reported painful symptoms

and had samples taken during the proliferative phase

(2.514 ± 0.499, N = 5). The expression in this group was

significantly higher than that observed in the similar group

of women (with endometriosis and pain) but in the secre-

tory phase (1.018 ± 0.187, N = 4, P = 0.039). The

expression in this group was also significantly higher than

that observed when samples were taken in the proliferative

phase of women with endometriosis, but without reported

pain (1.123 ± 0.235, N = 5, P = 0.036, Fig. 1d).

Abundance of PGP9.5 protein in women

with and without endometriosis

From the patients with endometriosis (N = 16) thirteen

were positive (Fig. 2) for PGP9.5-immuno-reactivity in the

endometrium (81 %); two with pain and one without.

Conversely, none of the subjects without endometriosis

showed immuno-reactivity against PGP9.5. A Student’s

t test found no significant difference (P [ 0.05) between

the nerve fibre density in endometriotic women with pain

(Mean ± SD; 1.8 ± 0.6 mm2), compared to endometriotic

women without pain (1.6 ± 1.8 mm2).

When the patients in each group were divided between

menstrual phase (secretory and proliferative) nerve fibre

density was also similar. In the secretory phase, the patients

with endometriosis and pain showed a mean of 1.8 nerve

fibres per mm2, compared to 0.8 observed in the group of

women with endometriosis and no pain. Correspondingly,

the densities of nerve fibres in women with endometriosis

in proliferative phase were 1.8 in the subgroup with pain

vs. 2.4 in the subgroup without pain (Fig. 3). According to

Student’s t tests, these differences between menstrual cycle

phases were not statistically significant. Given that the

large majority of the subjects had peritoneal endometriosis,

it was not possible to assess a correlation between gene

expression, protein abundance and the stage of the disease.

Discussion

This study includes only small sample numbers per group,

but to our knowledge it is the first to investigate gene

transcription as well as protein expression of the same

marker and in the same patients, and also taking the

menstrual cycle phase and pain levels into account. Our

results indicate that the mRNA expression of PGP9.5 is

significantly upregulated in the endometrium of women

with painful endometriosis during the proliferative phase.

IHC confirmed the presence of PGP9.5 protein in the

endometrium of endometriosis patients, although a similar

increase in PGP9.5 positive nerve fibre density was not

observed in these women. Nerve fibres were absent in all

women without endometriosis, which as such is in agree-

ment with previous reports [6, 16, 17]. In another immuno-

histochemical study, PGP9.5 positive fibres were detected

in the functional layer of the endometrium in women with

pain symptoms, but not in those without—irrespective of

the presence of endometriosis or adenomyosis [16, 18]. On

the other hand, absence, partial or total, of positive fibres

has also been reported for the eutopic endometrium of

endometriosis patients (but was present in lesions [17]). It

has to be taken into account that these variations could be

due to varying IHC protocols; discordant results are now

thought to be inherent to the technical difficulties of the

IHC PGP9.5 assay which will need further optimisation in

the future. Similarly, in a study using Western Blots, no

differences between cases and controls could be observed

for PGP9.5 and other neurogenic markers in eutopic

endometrium [17, 19].

A difference seems to exist between the gene and the

protein expression for PGP9.5; the former was upregulated

during the proliferative phase in women who reported pain,

Fig. 2 Demonstration of PGP9.5 positive nerve fibres in the eutopic

endometrium of a woman with endometriosis. Technical details are

given in the ‘‘Materials and methods’’ section. The arrows indicate

the signal for PGP9.5
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whereas the latter was correlated with the presence of

endometriosis. These findings suggest that mechanisms

regulating the translation of messenger RNAs and modifi-

cation of assembled proteins could be differentially influ-

encing the pathogenesis of endometriosis. Since the

production of functional peptides and proteins is driven by

gene expression it could be considered that gene regulation

and differences in protein abundance correspond to each

other in some ways within a specific tissue. Nevertheless,

several other important regulatory events are involved in

cellular processes following gene transcription and must be

considered as possible further mechanisms for regulating

the ultimate expression of individual proteins.

Recently, simultaneous microarray and proteome anal-

yses in the same endometrial samples demonstrated over-

expression of several genes [20]; however, the proteomic

analysis showed no correspondence between these genes

and the peptides reported to be dysregulated [21]. As in the

previous study, this analysis did not find concordant over-

expression of PGP9.5 at genetic and proteomic levels.

Discordance between genomic and proteomic profiling is

difficult to explain but a frequent phenomenon. Here, these

discordances suggest that the expression of this protein is

not only ruled by gene transcription, but additionally by

regulatory mechanisms at the post-transcriptional level. A

large number of mechanisms regulate gene expression,

including mRNA transportation to the cytoplasm, codon

phosphorylation and mRNA stability modifications,

amongst others. mRNA stability is mediated to a large

extent by endo- and exonucleases which cause polyA tail

degradation, 50-cap destruction and mRNA decay. The

rates at which these processes occur are mediated by

specialised proteins that attach to specific sequences in the

30-untranslated region (30-UTR) [22].

One important way cells regulate the abundance of

certain proteins is through microRNAs (miRNAs). These

molecules are short non-coding RNA sequences which are

complementary to sequences located on the 30-UTR of

specific mRNA molecules [23]. When miRNAs are active,

they associate with specific proteins to build RNA-induced

silencing complexes, which include argonaute proteins,

responsible to a great extent for the detection of mRNAs

targeted for destruction [24].

Several microRNAs (miRNAs) have been identified in

mammalian cells and some have been studied in the field of

endometriosis (such as miRNA-135-a and -b, miRNA-202,

miRNA-193a3p, miRNA-708 and mi-RNA-34c5p amongst

others), with possible roles in post-transcriptional regula-

tion of specific proteins presumably involved in processes

of cell proliferation, apoptosis, tissue regeneration,

inflammation and angiogenesis [25–32]. Even though a

number of miRNAs involved in the signalling pathways

associated with nerve growth have been reported to be

dysregulated in women with endometriosis (i.e., miRNA-

29c, miRNA-125b, miRNA-126, miRNA-143 and miRNA-

34b targeting the genes PIK3R1, TNF, PIK3R2, MAPK7

and MAPK4, respectively) [26, 28], no miRNAs acting

directly over PGP9.5 transcripts in endometriosis have

been identified as yet in the literature. Furthermore, mRNA

translation is regulated to some extent by RNA interfer-

ence; this process is mediated by short lengths of double-

stranded RNA called small interfering RNAs. These mol-

ecules attach to their matching mRNAs post-transcrip-

tionally to degrade them, presumably by providing a

scaffold for nucleases to attach and digest mRNA.

Bearing in mind the post-transcriptional mechanisms

that could be altered more specifically in endometriosis, it

could be likely that the level of proteins present in the

endometrium at a specific point in time is higher than the

number of transcripts of the corresponding gene; mRNA

molecules are very unstable and have half-lives that range

from 2 min to more than 10 h, and generally an average of

Fig. 3 Mean density of nerve

fibres per mm2 in patients with

endometriosis with pain vs.

without pain in a proliferative

and b secretory phases
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around 30 min in eukaryotic cells [22]. Considering these

facts, it is possible that when certain proteins in the

endometrium are detectable, the corresponding genes are

already turned off and the mRNA molecules have already

been degraded by ribonucleases for they would be no

longer necessary. If this is true, up- and down-regulation

should be evident at different periods; gene expression

differences would occur earlier than protein abundance,

even in the same specimen.

It has been reported that ubiquitin is more abundant in

endometrial cells in the proliferative than in the secretory

phase [33]. This would be in agreement with our finding of

the increased expression of PGP9.5 gene in patients with

pain in the proliferative phase when compared with the

secretory phase, given that it is involved in deubiquitina-

tion from proteins marked for degradation by proteasomes

[14]. Research on ubiquitin and endometriosis is very scant

and thus it is hard to propose further associations with the

disease pathogenesis, though it could be of interest to

correlate the gene expression of ubiquitin and PGP9.5 in a

continuation of this study with larger patient numbers. This

would, however, still not explain the discordance between

PGP9.5 gene expression and protein abundance found in

this research—but this problem has been addressed above.

Further research, with study designs including genomic,

proteomic and post-transcriptional regulatory approaches

are therefore still necessary to address the discrepancies

between gene and protein expression as well as the

apparently inconsistent results for PGP9.5 protein produc-

tion as a function of endometriosis and/or pain in the lit-

erature, and to identify factors and pathways that rule

phenotypic features in women with endometriosis and

provide potential therapeutic options to control disease

development and progression.
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