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Objective
To determine if neurofilament (NF) is expressed in the endometrium and the lesions of myomas and adenomyosis, and
to determine their correlation.

Methods

Histologic sections were prepared from hysterectomies performed on women with adenomyosis (n=21), uterine myoma
(n=31), and carcinoma in situ of the uterine cervix. Full-thickness uterine paraffin blocks, which included the endometrium
and myometrium histologic sections, were stained immunohistochemically using the antibodies for monoclonal mouse
antihuman NF protein.

Results

NF-positive cells were found in the endometrium and myometrium in 11 women with myoma and in 7 with
adenomyosis, but not in patients with carcinoma in situ of uterine cervix, although the difference was statistically
not significant. There was no significant difference between the existence of NF-positive cells and menstrual pain or
phases. The NF-positive nerve fibers were in direct contact with the lesions in nine cases (29.0%) of myoma and in
five cases (23.8%) of adenomyosis. It was analyzed if there was a statistical significance between the existence of NF
positive cells in the endometrium and the expression of NF-positive cells in the uterine myoma/adenomyosis lesions.
When NF-positive cell were detected in the myoma lesions, the incidence of NF-positive nerve cells in the eutopic
endometrium was significantly high. When NF-positive cell were detected in the basal layer, the incidence of NF-
positive nerve cells in the myoma lesions and adenomyosis lesions was significantly high.

Conclusion

We assume that NF-positive cells in the endometrium and the myoma and adenomyosis lesions might play a role
in pathogenesis. Therefore, more studies may be needed on the mechanisms of nerve fiber growth in estrogen-
dependent diseases.
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Introduction

Anatomically nerves are distributed through the myometrium,
along neurovascular bundles, from two intrinsic plexi: a subse-
rosal plexus and a plexus at the endometrial-myometrial junc-
tion [1]. Recently, there has been increasing evidence of the in-
nervation of the endometrium by small nerve fibers in women
with endometriosis, but not in women without endometriosis.
Tokushige et al. [2] reported that in women with laparoscopy-
confirmed endometriosis, small nerve fibers were stained posi-
tive for protein gene product (PGP) 9.5 in the functional layer of
the eutopic endometrium, but PGP 9.5 was not detected in the
endometrium of women without endometriosis. Nerve fibers
also were detected in endometriotic plaques, abdominal adhe-
sions, and the endometrium and myometrium [3-10]. Neuro-
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filament (NF) is expressed in the axon and often, in myelinated
fibers. Therefore, NF serves as a specific marker of nerve fibers,
and NF monoclonal antibodies are used to detect the existence
of nerve fibers in histology. Endometriosis-related adhesions
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contained NF-positive nerve fibers [10], and nerve fibers that
were stained positive for PGP 9.5, NF, calcitonin gene-related
peptide, substance P, and vasoactive intestinal polypeptide were
present in the endometrium and the myometrium of women
with painful endometriosis [2,3].

Adenomyosis is a disease that involves myometrial invasion
by endometrial glands and stroma, and is presented as local-
ized or diffuse lesions. Dysmenorrhea is one of its major clinical
symptoms, and is believed to be positively correlated with ad-
enomyotic foci [11]. Adenomyosis and endometriosis are be-
lieved to be controlled by steroid hormones. These nerve fibers
were not detected in adenomyotic lesions, however, and did
not exist at the endometrial-myometrial interface of the uterus
with adenomyosis [12].

Uterine myomas are monoclonal, benign, and smooth
muscle tumors of the uterine myometrium, and are the most
common causes of gynecologic surgery in women. A series of
clinic-based studies have shown that approximately 34% of
women with uterine myoma have pelvic pain and/or dysmen-
orrhea symptoms [13,14]. Zhang et al. [15] reported that PGP
9.5-positive nerve fibers were observed in the functional layer
of the endometrium of women with painful adenomyosis and
uterine fibroids, but not in that of women with adenomyosis
and uterine fibroids but without pain.

In this study, NF-positive nerves in the lesions of women with
adenomyosis and uterine myomas were examined. Then it
was evaluated if NF is expressed in myoma and adenomyosis
lesions, as in peritoneal endometriotic lesions, and it was ana-
lyzed if this expression is related to pain and the expression of
NF in the endometrium.

Materials and methods

1. Clinical subjects and samples
Full-thickness uterine paraffin blocks, which included the en-
dometrium and the myometrium, were selected retrospective
from 52 women with adenomyosis (n=21) and uterine myoma
(n=31) who were underwent hysterectomy from January 2012
to December 2012 at university based hospital. In addition,
control specimens were obtained from 13 women who had
undergone hysterectomy for carcinoma in situ of the uterine
cervix without endometriosis. The study protocol for research
purposes was approved by the institutional review board.

To determine if other diseases might be included in the di-
agnosis of adenomyosis and uterine myoma, a gynecologic
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histopathologist re-examined the confirmed previous diagnosis.
Medical and pain histories of all subjects were obtained from
medical records. We excluded cases with the medical histories
(endometriosis and pelvic inflammatory disease) and treatments
(Gonadotropin analog, oral contraceptives, and steroid). All the
samples of the endometrium were examined to determine the
phases of the menstrual cycle. Of the 31 women with uterine
myoma, 13 were in the proliferative phase and 18 were in the
secretory phase. Of the 21 women with adenomyosis, six were
in the proliferative phase and 15 were in the secretory phase.

The medical and pain histories of all the subjects were ob-
tained from their medical records. In the women with adeno-
myosis, 11 complained of dysmenorrheal and/or pelvic pain,
and 10 had no pain symptoms. In the women with uterine
myoma, 17 complained of dysmenorrheal and/or pelvic pain,
and 14 had no pain symptoms. In the control group, three
complained of dysmenorrheal and/or pelvic pain, and 10 had
no pain symptoms (Table 1).

2. Immunohistochemistry

The tissue samples were immunostained according to the
standard protocol. Sections from paraffin block were 4 um, de-
paraffinized, and rehydrated with xylene and graded alcohols.
Microwave epitope retrieval was performed. BenchMark Auto-

Table 1. Characteristics of the study population

Control Myoma Adenomyosis
No. of subject 13 31 21
Age (yr) 51.28+11.21 42.12+4.69 41.11+4.53
Menstrual phases
Proliferative 6 (46.2) 13 (41.9) 6 (28.6)
Secretory 7 (53.8) 18 (58.1) 15(71.4)
Dysmenorrhea
Yes 3(23.1) 17 (54.8) 11(52.4)
No 10 (76.9) 14 (45.2) 10 (47.6)
Operative history
Yes 4 (30.8) 12 (38.7) 16 (80.0)
No 9(69.2) 19 (61.3) 4(20.0)
Adhesions
Yes 3(23.1) 4(12.9) 6 (28.6)
No 10 (76.9) 27 (87.1) 15(71.4)
Values are presented as mean+SD or n (%).
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Fig. 1. Neurofilamen (NF)-positive cells in the functional and basal layers of the endometrium and in the myometrium of women with uterine myo-
ma and adenomyosis. (A) NF as a positive control (x100). (B) Endometrium in the functional layer of a woman with uterine myoma that was stained
for NF (x40). (C) Uterine myomas stained via H&E staining (x100). (D) After the NF immunostaining, NF-immunostained nerve fibers in the of myo-
ma lesion in some cases (x100). (E) Endometrium in the functional layer of a woman with uterine adenomyosis for NF (x40). (F) NF-immunostained
nerve fibers in the adenomyosis lesion in some cases (x40). (G) Stromal cells of the adenomyosis lesions that were immunostained via H&E staining
(x200). (H) After the NF immunostaining, NF-immunostained nerve fibers in the adenomyosis lesion in some cases (x200).
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stainer (Ventana Medical Systems, Tucson, AZ, USA) was used
for immunohistochemical staining. The following monoclonal
mouse antibodies were used: anti-NF (diluted at 1:200; Dako,
Carpinteria, CA, USA). As a positive control for NF, a normal
skin tissue was used. Positive staining was defined as the de-
tection of NF in the cytoplasm. Examples of positive stains are
illustrated in Fig. 1. The results described the percentage of NF-
positive nerve fibers in the endometrium.

3. Statistical analysis
For the statistical analysis, chi-square and ANOVA (one-way
analysis of variance) were performed, followed by Tukey's test

using SAS ver. 9.1.3 (SAS Institute, Cary, NC, USA). A probabil-
ity level of P<0.05 was considered significant.

Results

The morphology of the NF-positive cells around the endome-
trial glands was similar to that of the stromal cells, whereas
the NF-positive cells around the endometrial epithelial surfaces
were elongated (Fig. 1). These NF-positive cells were also ob-
served among the perivascular cells, as in the neurovascular
bundles of the basalis and the myometrium.

Table 2. Distribution of NF-positive cells in women who showed positive NF stain in at least one location (O women with CIS [controls],

11 with myoma, and 7 with adenomyosis)

N Functional layer Basal layer Myometrium Lesion
Control 13 0 0 0
Myoma 31 8 (25.8)” 6 (19.4)” 2 (6.5) 9(29.0)
Patient number #23 - - - +
#24 + + - -
#25 + + - +
#26 + + - +
#27 + + + +
#28 = = = +
#29 - - - -
#40 = = = +
#41 + - - +
#42 + - - -
#43 + + + +
#44 + + - +
Adenomyosis 21 5(23.8)? 2 (9.5 1(4.8)" 5(23.8)
Patient number #51 = = = +
#52 - - - +
#53 + + - +
#54 + - - -
#63 + + + +
#64 + - - -
#65 + = = +

Values are presented as n (%).

NF, neurofilament; CIS, carcinoma in situ; —, NF staining negative; +, NF staining positive.

“Fisher’s exact test P-value is 0.082 between control and myoma group; Fisher’s exact test P-value is 0.163 between control and myoma group; “Fisher’s
exact test Pvalue is 0.523 between control and myoma group; “Fisher’s exact test P-value is 0.132 between control and adenomyosis group; “Fisher’s
exact test P-value is 1.000 between control and adenomyosis group; "Fisher’s exact test P-value is 1.000 between control and adenomyosis group.
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In the control group, NF-positive cells were not observed in
the functional layer of the endometrium, but were seen in the
functional layer of the endometrium (Table 2) in 25.8% of the
subjects with myoma (8/31) and in 23.8% of the subjects with
adenomyosis (5/21). The differences were statistically insignifi-
cant. NF-positive cells were not detected in the basalis of the
endometrium in the control group, but were seen in the ba-
salis of the endometrium of 19.4% (6/31) of the subjects with
myoma and of 9.5% (2/21) of the subjects with adenomyosis.
The differences were also statistically insignificant. The expres-
sion of NF-positive cells according to the menstrual phase was
no statistically difference. And there was no significant be-
tween the existence of NF-positive cells in the functional layer
or in the basalis and the pain reported by the patients (Table 3).

In the myometrium, NF-positive cells were not detected in the
control group, but were seen in the myometrium of 6.5% (2/31)
of the subjects with myoma and of 4.8% (1/21) of the subjects
with adenomyosis. The differences were statistically insignificant.

The NF-positive nerve fibers were in direct contact with
the lesions in nine cases (29.0%) of myoma and in five cases
(23.8%) of adenomyosis (Table 2). The nerve fibers were oc-
casionally detected in the stromal cells or in adjacent connec-
tive tissues. It was analyzed if there was a significant difference
between the existence of NF positive cells in the endometrium
and the expression of NF-positive cells in the uterine myoma/
adenomyosis lesions. When NF-positive cell were detected in
the myoma lesions, the incidence of NF-positive nerve cells
in the eutopic endometrium was significantly high (Table 4).
When NF-positive cell were detected in the basal layer, the
incidence of NF-positive nerve cells in the myoma lesions and
adenomyosis lesions was significantly high (Table 4).

Table 3. The ratio of menstrual phases and dysmenorrhea in NF-
positive cells in the functional layers of the endometrium in women
with uterine myoma and adenomyosis

Myoma Adenomyosis P-value

No. of NF-positive cells  8/31(29.0) 5/21(23.8)
Phases 1.00

Proliferative 5/13 (38.5) 2/6 (33.3)

Secretory 3/18 (16.7)  3/15(20.0)
Dysmenorrhea 1.00

Yes 4/17 (23.5) 3/11(27.3)

No 4/14 (28.6)  2/10(20.0)

Values are presented as n (%); Chi-square test was done between
NF staining in the functional layer and phases or dysmenorrhea.
NF, neurofilament.
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Discussion

In this study, NF-positive cells were not observed in the control
group but were detected in the endometrium and the myome-
trium of women with myoma and adenomyosis, although the
difference between the groups was statistically insignificant.
No correlation was found between the existence of NF-positive
cells and menstrual pain or phases. Zhang et al. [16] reported,
however, that PGP 9.5-positive nerve fibers were present only
in the functional layer of the endometrium of women with
pain symptoms. NF-positive nerve fibers were also detected in
the basal layer of the endometrium and in the myometrium of
women with adenomyosis and uterine fibroids, although their
incidence was statistically insignificant. They suggested that
PGP 9.5-positive nerve fibers but not NF-positive nerve fibers
in the endometrium and the myometrium play a role in pain
generation in women with adenomyosis and uterine fibroids.
In a study of endometriosis and pain, however, Mechsner et al.
[7] reported that nerve cells in peritoneal endometriotic lesions
were stained positive for NF and substance P, a marker of sen-
sory nerve fibers.

NF plays a role in the formation of a structural framework and
in the control of the shapes and sizes of nerves. Most NFs are
expressed in the axon and often, in myelinated fibers. Therefore,

Table 4. The ratio of NF-positive cells in endomtrium in the cases
with NF-positive cells in the myoma and adenomyosis lesions

NF)  NF(+) X  P-value?
Functional layer (%)
Myomas leisions 0.003
NF(-) 20(90.9) 2(9.1) 11.058
NF(+) 3(33.3) 6(66.7)
Adenomyosis leisions 0.063
NF(=) 14(87.5) 2(125) 4738
NF(+) 2(40.0) 3(60.0)
Basal layer (%)
Myomas leisions 0.004
NF(-) 21955 1(45 10.648
NF(+) 4(44.4) 5(55.6)
Adenomyosis leisions 0.048
NF(-) 16 (100.0) 0(0) 11.058
NF(+) 3(60.0) 2(40.0)

NF, neurofilament.
“Fisher’s exact test.
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NF serves as a specific marker of nerve fibers, and NF monoclo-
nal antibodies are used to detect the existence of nerve fibers in
histology. NF is seemingly not well-represented, however, in all
populations of nerves or in all neuronal regions [17,18].

In contrast, the PGP 9.5 was reported as a general cytoplas-
mic marker that is expressed in all types of efferent and affer-
ent nerve fibers [19], although its function is unknown. PGP
9.5, a cytoplasmic protein in neurons and neuro-endocrine
cells, is expressed in both efferent and afferent nerves, and
thus, serves as a general cytoplasmic marker. PGP 9.5 neurons
were suggested as sensory unmyelinated C nerve fibers that
are related to pain such as by transmitting dull, throbbing, and
diffuse pain [20]. NF stains indicated the occurrence of myelin-
ated Ad fibers, which send quick localized pain signals toward
the brain and the spinal cord, in the deep endometrial basal
layer of confirmed endometriosis patients. Similar findings
were not detected in women without endometriosis [21].

In contrast to the report of Zhang et al. [16], the existence of
NF-positive cells in the functional layer of the endometrium of
23.5% of the patients with myoma and of 23.8% of the pa-
tients with adenomyosis was observed in this study, although
the difference between the groups was statistically insignifi-
cant. Therefore, efforts to understand the characteristics and
the function of the nerves defined by specific staining methods
should continue.

The mechanism of dysmenorrheal and pelvic pain in women
with uterine myoma and adenomyosis is not well-understood.
Prostaglandins play an important role in pain generation, and
have been suggested as activating or sensitizing sensory C fiber
endings by interacting with cell-surface receptors in the endome-
trium of women with endometriosis [22]. Pain mediators react
with nociceptors to induce pain [23]. Mechsner et al. [7] sug-
gested that NF-positive nerve fibers in peritoneal endometriotic
lesions are pain-conducing nerve fibers and are important causes
of pain related to peritoneal endometriosis. It was also suggested
that the nerve fibers in myoma and adenomyosis could play an
important role in disease-related pain. Endometriosis, myoma,
and adenomyosis are estrogen-dependent diseases wherein es-
trogen may provide a trophic support to nerve fibers by regulat-
ing the production of neurotropins and other molecules that are
associated with nerve fiber growth in the endometirum and the
myometrium of women with these diseases.

Many researchers have studied the roles of the nerves in the
endometrium. Tokushige et al. [2] reported from their study us-
ing immunostaining methods that the nerves in the functional
layer and the basalis of the endometrium are sensory C fibers
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and adrenergic fibers. The functional layer of the endometrium
showed mostly sensory unmyelinated C nerve fibers that are
responsible for transmitting dull, throbbing, and diffuse pain.
They suggested that these nerves play a role in the generation
of pain. Inflammatory mediators, which are released from the
endometrium, can activate or sensitize sensory C fiber endings
to evoke neurogenic inflammation [24,25]. Adrenergic fiber
endings can release prostaglandin E,, prostacycline, and nor-
epinephrine, which can sensitize sensory C [26,27].

In summary, NF-positive cells were observed in the endo-
metrium and the myometrium of women with myoma and
adenomyosis, although they could not be statistically verified.
There was no significant between the existence of NF-positive
cells in the functional layer or in the basalis and the pain/
phases. However, when NF-positive cell were detected in the
myoma lesions, the incidence of NF-positive nerve cells in the
eutopic endometrium was significantly high. It was assumed
that NF-positive cells in the endometrium and the myoma and
adenomyosis lesions might play a role in pathogenesis. There-
fore, more studies may be needed on the mechanisms of nerve
fiber growth in estrogen-dependent diseases.
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