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background: Endometriosis is considered to be an inflammatory disease, and macrophages are the most numerous immune cells in
endometriotic lesions. However, the mechanisms underlying the elevation of macrophages and their role in the pathogenesis and manifes-
tations of endometriosis still remain unclear.

methods: The number of macrophages stained for CD68 in endometriotic lesions (n ¼ 24) and in peritoneum distant from the lesions
(n ¼ 14) from women with endometriosis was compared with the number of macrophages in normal peritoneum from women without
endometriosis (n ¼ 18). Peritoneal lesions were also double-stained for CD68 and protein gene product 9.5 to study the relationship
between macrophages and nerve fibres.

results: The densities of macrophages in peritoneal endometriotic lesions and unaffected peritoneum from women with endometriosis
were both significantly higher than that in normal peritoneum from women without endometriosis (P , 0.001). More nerve fibres were also
found in the areas where increased numbers of macrophages were identified.

conclusions: There was a significant elevation of macrophages in both normal peritoneum and peritoneal lesions from women with
endometriosis compared with normal peritoneum from women without endometriosis. These cells may well play roles in the growth and
development of endometriotic lesions and in the generation of pain through interaction with nerve fibres.

Key words: endometriosis / macrophages / nerve fibres / pain

Introduction
Endometriosis is considered to be one of the most important con-
ditions that relate to pelvic pain and infertility in reproductive age
women and is defined by the presence of endometrial-like tissue,
including glands and stroma, outside the uterus. The prevalence of
endometriosis in the general population is still uncertain since reliable
diagnosis is only obtained from invasive diagnostic surgery in women
with symptoms. Limited opportunities exist for laparoscopy
in women without symptoms. The estimation of endometriosis
in asymptomatic women who undergo elective sterilization by

laparoscopy is �4% (Mahmood and Templeton, 1991). Among infer-
tile women, the prevalence goes up to from 20% to 40%. The general
prevalence of endometriosis in reproductive age women is estimated
to range from 3% to 10% (Olive and Schwartz, 1993; Eskenazi and
Warner, 1997; Cramer and Missmer, 2002; D’Hooghe et al., 2003).

Endometriosis is now believed to be a chronic inflammatory
state, with disturbances of both cell-mediated and humoral immunity
(Oosterlynck et al., 1991). The most numerous immune cells in
the peritoneal fluid (PF) from women with endometriosis are
macrophages, cells which can have actions which influence both
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pathogenesis and symptoms of endometriosis. Increased numbers of
macrophages in endometriotic lesions have been described in other
studies. Early evidence demonstrated more macrophages in the PF
of women with endometriosis than in those without endometriosis,
and these macrophages were more ‘activated’ (Halme et al., 1983).
The density of macrophages was also found to be significantly higher
in ectopic endometrium of women with stage I and II endometriosis
than in women with stage III and IV endometriosis (Khan et al.,
2004a, b). There is continuing controversy concerning the role and
activities of this elevation of macrophage numbers in endometriotic
lesions. Is this just a consequence of an unusual local inflammatory
process or is it a prime factor promoting the implantation and devel-
opment and vascularization of ectopic endometrial tissues. Moreover,
the roles of macrophages in endometriosis remain uncertain since the
macrophage generally acts as a scavenger of the body, whereas in
endometriosis, macrophages appear to promote the disease and
contribute to the generation of symptoms via release of a range of
inflammatory substances including interleukins (ILs) and transforming
growth factors (TGFs).

Both IL-6 and IL-10, potentially secreted by macrophages in endo-
metriotic lesions, can interfere with immune functions by decreasing
the number of CD4 Th1 cells in peritoneum (Punnonen et al.,
1996). TGF-b can inhibit the activity of natural killer (NK) cells, T lym-
phocytes and B lymphocytes, and macrophages can produce TGF-b
with a high concentration in the PF of women with endometriosis
(Rook et al., 1986). IL-8, also secreted from peritoneal macrophages,
can stimulate the growth of endometriotic tissues (Harada et al.,
1999). Another cytokine, which contributes to the induction and
development of ectopic endometrial tissue, is tumour necrosis
factor-a (TNF-a) and this cytokine is mainly secreted by macrophages
(Iwabe et al., 2000).

Macrophages can contribute to many symptoms as well as compli-
cations of endometriosis. Pain is one of the most common symptoms
in endometriosis and a recent study has demonstrated a range of
nerve fibres in high density, including sensory C, sensory Ad, cholin-
ergic and adrenergic nerve fibres in peritoneal endometriotic lesions
of women with endometriosis (Tokushige et al., 2006; Tariverdian
et al., 2007). Although the mechanisms stimulating increased nerve
fibre density in endometriotic lesions are still unclear, it is likely that
these nerve fibres have a crucial role in the generation of pain in endo-
metriosis, and the macrophages and their products may play import-
ant roles in causing these symptoms.

In this study, we have investigated the difference in the numbers of
macrophages in peritoneal lesions and unaffected peritoneum col-
lected from women with endometriosis, which has not been done
previously, and normal peritoneum from women without endometrio-
sis. We have also studied the relationship between macrophages and
nerve fibres in the peritoneal lesions of women with endometriosis.

Materials and Methods

Collection of tissue
This study was approved by the Human Ethics Committees of the Univer-
sity of Sydney and the Southwest Sydney Area Health Service. Peritoneal
tissues in pelvic area collected from 56 women of reproductive age who
had laparoscopy combined with hysteroscopy were divided into three

groups; Group I included samples of normal peritoneum from women
without endometriosis (n ¼ 18; mean age of patients+ SD: 35.4+ 7
years). Group II were confirmed peritoneal lesions from women with
endometriosis (n ¼ 24; mean age of patients+ SD: 34.3+ 6.5 years).
Group III was unaffected peritoneum from women with endometriosis
(n ¼ 14; mean age of patients+ SD: 29+4.3 years), and these 14
samples were collected at a distance of at least 5 cm from the endometrio-
tic lesions and showed a normal histology. The endometriosis patients all
complained of dysmenorrhoea and a range of other related pain symp-
toms. The severity of pain was not assessed systematically or prospectively
in this study, but detailed clinical information was recorded in a standard
format. All endometriosis patients were staged according to the revised
American Fertility Society score, which ranged from I to IV (American Fer-
tility Society, 1996).

Immunohistochemistry
After resection, these tissues were fixed in 10% neutral buffered formalin
for �18–24 h, embedded in paraffin blocks, processed and cut into sec-
tions at 4 mm. These sections were routinely stained with haematoxylin.
All immunostaining was carried out on a Dako Autostainer Model
S3400 (Dako, Carpinteria, USA). Images of the sections were captured
using an Olympus microscope BX51 and digital camera DP70 (Olympus,
Tokyo, Japan). We used normal skin as a positive control as it reliably con-
tains macrophages and myelinated and unmyelinated nerve fibres expres-
sing Protein Gene Product (PGP9.5). Rabbit immunoglobulin (Ig) fraction
was used as a negative control, the concentration being matched with
the concentration of PGP9.5 antibody, whereas the negative control for
CD68 was mouse IgG isotope control matched to the concentration of
the CD68 antibody. PGP9.5 is highly expressed in neurons and neuro-
endocrine cells and CD68 can be expressed in macrophages, monocytes,
neutrophils, basophils and NK cells. The number of macrophages was
counted according to the size and morphology.

Staining for CD68
After deparaffinization, the sections were heat-retrieved with target retrie-
val solution pH 9.0 for 20 min. The slides were cooled down to room
temperature for 30 min. The sections were incubated with Dual Endogen-
ous Enzyme Block (Dako) for 10 min, washed with Tris buffer and stained
for CD68 (dilution 1:400; Dako) for 30 min. Sections were then incubated
in Envision þ Dual link System-HRP (Dako) for 30 min, washed with Tris
buffer and stained with Liquid DAB þ Substrate for 10 min.

Double staining for CD68 and PGP9.5
The double staining for CD68 and PGP9.5 was performed on all sections
from Groups I– III to identify both macrophages and nerve fibres in the
endometriotic lesions as well as unaffected peritoneal tissues from
women with and without endometriosis. The images obtained from this
staining method were used initially to assess the distribution of macro-
phages and nerve fibres in peritoneum from women with endometriosis.

For double staining, the sections were also deparaffinized and heat
retrieved. The sections were treated with Dual Endogenous Enzyme
Block for 10 min and stained for CD68 for 30 min (dilution 1:300;
Dako). The sections were incubated in Envision þ Dual link System-HRP
for 30 min and stained with Liquid DAB þ Substrate for 10 min. After
the sections were treated with Double stain block for 3 min, the second
antibody, PGP9.5 (dilution 1:500; Dako), was used to stain all the sections
in this group for 30 min. After rinsing with Tris buffer, the sections were
sequentially treated with rabbit link for 15 min, polymer alkaline phospha-
tase for 15 min and stained with Permanent Red Working Solution for
10 min.
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Cell counts and statistical analysis
The images were captured using an Olympus microscope BX51 and digital
camera DP70 and an assessment of macrophages was performed by Image
Pro Plus Discovery (MediaCybernetics, MD, USA). Once the features of
the images were controlled at the original magnification (�10), an orthog-
onal grid mask was sketched above the original images. The sections of the
grid were 250 mm per side. Once the grid was in position, macrophages in
the peritoneal endometriotic lesions and normal peritoneum, and the total
number of squares covering the endometriotic lesions and normal perito-
neum was counted. The total number of macrophages was divided by the
total number of squares to obtain an average of macrophages per square
(each square of 250 � 250 mm). The number of nerve fibres in double
staining was also counted with the same method. The results were
expressed as the mean (+SD) number of macrophages per mm2 in
each specimen stained with the polyclonal antibody against CD68, and
the number of nerve fibres per mm2 in each section, double-stained
with CD68 and PGP9.5. The counting procedure was carried out twice
by two independent observers (each blinded to the other) with no knowl-
edge of the clinical parameters or other prognostic factors. The observers
counted macrophages in the samples obtained from patients with and
without endometriosis, as well as the number of nerve fibres in three
groups, blindly. The concordance rate was over 95% between the
observers.

Macrophage density in peritoneal lesions and normal peritoneum
between women with and without endometriosis was compared using
the Mann–Whitney test. Differences were considered to be significant
at P , 0.01. After macrophages were counted, the endometriotic lesion
group (Group II) was divided into two equal subgroups around the
median: Group IIA with a lower density of macrophage and Group IIB
with a higher density of macrophage. The nerve fibre density of subgroups
IIA and IIB along with Groups I and III was compared each other using
the Mann–Whitney test. Differences were considered to be significant
at P , 0.05.

We also performed a statistical analysis on the correlation between
macrophage density and nerve density in Groups II and III.

Results
The macrophage densities in peritoneal endometriotic lesions (Group
II) and unaffected peritoneum from women with endometriosis
(Group III), which have mean density+ SD: 67.7+67.9/mm2

(Fig. 1B) and 32.8+ 31.4/mm2 (Fig. 1C), respectively, are both signifi-
cantly higher than the macrophage density in peritoneum from women
without endometriosis (Group I, mean density+ SD: 1.4+ 3.6/mm2,
Fig. 1A) (P , 0.001). In comparing Group II with Group III, there were
more macrophages in peritoneal lesions than in unaffected peritoneum
from endometriosis women; however, this difference was not signifi-
cant (P ¼ 0.12) because of the very large variation in numbers
(Table I).

To analyse the double staining for CD68 and PGP9.5, allowing both
macrophages and nerve fibres to be detected on one section
(Fig. 1D), the endometriotic lesion sections were classified into
two subgroups by the median value of macrophages (51.4/mm2).
Subgroup IIA, with a lower density of macrophages (mean+ SD:
23.9+17.4/mm2), had a significantly lower density of nerve fibres
(mean density+ SD: 8.0+ 8.5/mm2) compared with that in
subgroup IIB (mean density+ SD: 24.6+17.5/mm2) (P ¼ 0.025),
which contained the higher density of macrophages (mean
density+ SD: 117.9+ 64.3/mm2).

The density of nerve fibres in Group III (mean density+ SD: 4.9+
4.2/mm2) was not significantly lower than that in Group II as a whole
(mean density+ SD: 16.3+15.9/mm2) (P ¼ 0.055), but when the
nerve fibre density of group III was compared with that of subgroup
IIB, the difference was significant (P ¼ 0.008) (Table II).

The density of nerve fibres in Group I (peritoneum from normal
women; mean density+ SD: 0.9+1.9/mm2) was significantly lower
than that of Groups II and III (P-values, respectively, were ,0.001
and 0.002).

The correlation (R2) between macrophage density and nerve fibre
density in peritoneal tissues from women with endometriosis
(Groups II and III) is illustrated in Fig. 2.

Discussion
This study showed that the mean density of macrophages in the per-
itoneal lesions from women with endometriosis (mean density+ SD:
67.7+67.9/mm2) was very much greater than that in the normal
peritoneum from women without endometriosis (mean density+
SD: 1.4+ 3.6/mm2; P , 0.001). In the unaffected peritoneum from
women with endometriosis (32.8+ 31.4/mm2), the mean number
of macrophages was also significantly higher (P , 0.001) than that in
peritoneum from women without endometriosis.

The mean density of nerve fibres in endometriotic lesions with a
higher density of macrophages (Subgroup IIB) was significantly higher
than that in endometriotic lesions (Subgroup IIA) and unaffected per-
itoneum from women with endometriosis (Group III) which both had
a lower density of macrophages. The relatively low correlation
between macrophage and nerve fibre density (R2 ¼ 0.341) in
Groups II and III was due to a small number of outliers. However,
when we compared the nerve fibre density between the high-density
macrophage group (Subgroup IIB) with the lower ones (Subgroup IIA
and Group III), these differences were significant.

The increased number of macrophages and
its potential role in endometriosis
The increased numbers of macrophages, which were found in both
affected and unaffected peritoneum in women with endometriosis,
suggest that some mechanisms other than local inflammation may
influence a broad area of peritoneum and ‘attract’ macrophages.
Many cytokines, which can work as chemo-attractants for macro-
phages, including IL-1, macrophage-colony stimulating factor, mono-
cyte chemotatic protein-1 (MCP-1) and regulated on activation,
normal T expressed and secreted (RANTES), were found at high con-
centration in PF from women with endometriosis (Fukaya et al., 1994;
Khan et al., 2002; Khan et al., 2004a, b).

The accumulation of activated macrophages and their products may
have important roles in the development of endometriotic tissues. IL-6
and TNF-a, released by activated peritoneal macrophages, can
promote aromatase activity in endometriotic stromal cells and
increase the production of estrogen, a key hormone for the growth
of endometriotic lesions (Velasco et al., 2006). Macrophages are
also capable of producing a number of angiogenic factors including
fibroblast growth factor (FGF), angiogenin and vascular endothelial
growth factor (VEGF) (Sunderkotter et al., 1994; McLaren et al.,

Macrophages and nerve fibres in endometriosis 3
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Figure 1 Macrophages (marked with black thick arrows) stained for CD68 in peritoneal lesions (magnification �200).

(A) Normal peritoneum from women without endometriosis (Group I). (B) Peritoneal lesions from women with endometriosis (Group II); the endometrial gland was
marked with a triple thin arrow. (C) Unaffected peritoneum from women with endometriosis (Group III). (D) Macrophages and nerve fibres (protein gene product 9.5
stain) in peritoneal endometriotic lesions (magnification �200). Many nerve fibres, marked with double thin arrows, were seen among macrophages, marked with single
black arrows. An endometrial gland is marked with a triple black arrow. (E) Macrophages and nerve fibres in unaffected peritoneum from women with endometriosis. (F)
Double staining in peritoneum from women without endometriosis.
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1996) with the capacity to stimulate formation of new blood vessels in
the implanting endometriotic tissue (Lin et al., 2006).

Peritoneal macrophages in endometriotic lesions are also signifi-
cantly less capable of ‘wiping out’ menstrual debris than macrophages
in normal PF and this could be a result of either defective macrophage-
mediated cytolysis or an increasing resistance of ectopic endometrial
tissue to macrophage-induced apoptosis (Dmowski et al., 1998).
Further study is required to fully elucidate possible mechanisms and
roles of impaired phagocytosis of macrophages in peritoneal lesions.
Moreover, the suppression of NK cell activity and the reduced con-
centration of many serum cytokines in endometriosis, such as
MCP-1 and IL-8, were also reported in some studies (Ota et al.,
2002; Pizzo et al., 2002) suggesting that a certain level of defective
immunoresponse can also occur in blood which may mask some per-
ipheral markers of inflammation, such as erythrocyte sedimentation
rate.

The relationship between peritoneal
macrophages and nerve fibres in
endometriosis
The density of nerve fibres in peritoneal endometriotic lesions is much
higher than in normal peritoneum, and these nerves consist of sensory
Ad, autonomic and sensory C fibres (Tokushige et al., 2006). The
nerve endings of these fibres can potentially be stimulated by many

inflammatory substances, including histamine, serotonin, bradykinin,
prostaglandins, leukotrienes, ILs, acetylcholine, VEGF, TNF-a, epider-
mal growth factors, TGF-b, platelet-derived growth factor and nerve
growth factor (NGF). Many of the above substances can be secreted
by macrophages as well as from endometriotic lesions (Bergqvist et al.,
2001; Anaf et al., 2002) and are found in high concentration in the PF
of endometriosis patients. Thus, it seems that these sensory nerve
endings may contribute a crucial link in the generation of pain in endo-
metriosis (Tokushige et al., 2006).

Moreover, macrophages and their products may play important
roles in the growth and repair of nerve fibres rather than only stimu-
lating nerve fibre endings to induce pain. The growth of nerve fibres is
regulated by many substances, including NGF, brain-derived neurotro-
pic factor (BDNF) and VEGF, and the synthesis of these substances is
also affected by macrophage activities. NGF, which is released from
endometriotic lesions (Anaf et al., 2002) as well as many other cell
types including macrophages, is well documented as a substance
that is important in the development of the peripheral and central
nervous systems. The synthesis of NGF can be up-regulated by IL-1
(Lindholm et al., 1988; Bandtlow et al., 1990) and basic FGF (Vige
et al., 1991), and both IL-1 and basic FGF can increase the content
of NGF mRNA up to 6-fold in astrocytes (Spranger et al., 1990).
BDNF, another neurotrophin which has a crucial role for the
growth and differentiation of the peripheral nervous system (PNS)
(Conover and Yancopoulos, 1997; Lu and Figurov, 1997), is secreted
from activated macrophages (Shibata et al., 2003), and it has also been
demonstrated that the synthesis of BDNF, NGF and NGF receptors
were up-regulated under the effect of estrogens (Gibbs, 1999; Bjorling
et al., 2002; Krizsan-Agbas et al., 2003).

Recent studies have demonstrated that VEGF, produced by macro-
phages, can act as a neurotrophic factor stimulating the growth of
nerve fibres, and the PF from women with endometriosis contains a
greater concentration of VEGF than that of controls (Gilabert-Estelles
et al., 2007; Pupo-Nogueira et al., 2007). These studies suggest that
VEGF may also play a role in increased nerve fibre density in peritoneal
endometriotic lesions.

There is other compelling evidence that macrophages are essential
during nerve fibre regeneration in the PNS. When peripheral nerve
fibres were injured, macrophages invaded into the distal stump of
the damaged nerve fibres within 1 day, secreted growth factors with
neurotropic properties to regenerate nerve fibres and induced

........................................................................................

Table I The mean number (per mm2) and range of
macrophages in each group

n Minimum Maximum Mean SD

Group I 18 0 11 1.4 3.6

Group II 24 3.7 275.7 67.7 67.9

Group III 14 3.7 99.3 32.8 31.4

P-value P , 0.001 between Groups I and II
P , 0.001 between Groups I and III
P ¼ 0.12 between Groups II and III

Group I, normal peritoneum from women without endometriosis; Group II, peritoneal
lesions from women with endometriosis; Group III, unaffected peritoneum from
women with endometriosis.

....................................................................................

.............................................................................................................................................................................................

Table II The density of macrophages and nerve fibres in each group and subgroup of samples from women with or
without endometriosis

Group I, n 5 18 Group II Group III, n 5 14

Subgroup IIA (macrophage
density <51.4/mm2), n 5 12

Subgroup IIB (macrophage
density �51.4/mm2), n 5 12

Macrophage density (mean+ SD/mm2) 1.4+3.6 23.9+17.4 117.9+64.3 32.8+31.4

Nerve fibre density (mean+ SD/mm2) 0.9+1.9 8.0+8.5 24.6+17.5 4.9+4.2

P-value P ¼ 0.001 between Groups I and II
P ¼ 0.002 between Groups I and III
P ¼ 0.055 between Groups II and III
P ¼ 0.025 between Groups IIA and IIB
P ¼ 0.008 between Groups IIB and III

Macrophages and nerve fibres in endometriosis 5
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Schwann cell proliferation (Heumann, 1987). On the other hand,
when macrophage invasion was delayed, the ability of sensory nerve
fibres to regenerate was impaired (Brown et al., 1991). The viability
and stability of neurite growth depends on many factors, including
mitochondrial activity and the mitogen-activated protein kinase
pathway, as well as the activities of these factors which can be
up-regulated by activated macrophages (Shibata et al., 2003). It is
likely that macrophage recruitment is pivotal for neurotrophin pro-
duction and nerve fibre re-growth.

In conclusion, increased densities of macrophages and nerve fibres
throughout the peritoneal cavity may be associated with the gener-
ation of pain sensations in women with endometriosis. The inhibition
of certain macrophage activities may have benefits in the future treat-
ment of endometriosis.
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