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BACKGROUND: An increased number of macrophages have been found in eutopic
endometrium of adenomyosis, suggesting possible involvement of macrophages in the
development of adenomyosis. In this study, we tried to determine the effects of macrophage on
endometrial stromal cells (ESCs) in women with adenomyosis.

METHODS: Eutopic endometrium was obtained and separated into single ESC in 10 women
with adenomyosis (study group) and 11 without adenomyosis (control group). ESCs were then
cultured alone or with macrophage for 24h.

RESULTS: Immunohistochemistry identified the presence of IL-6, IL-8, and IL-10 in ESCs.
Quantitative real-time RT-PCR revealed that the IL-6 mMRNA was significantly expressed in
macrophage-cocultured ESCs in adenomyosis than that in the controls, but was not different in
ESCs cultured alone between the two groups. The levels of I1L-8 and IL-10 mRNA were similar
in ESCs either cultured alone or with macrophage between women with and without
adenomyosis.

CONCLUSIONS: IL-6 mRNA was significantly expressed in ESCs after in vitro coculture with
macrophage in adenomyosis. This aberrant behavior of ESCs might play a role in the formation
of ectopic endometrial implants in adenomyosis.



Adenomyosis refers to the presence of
endometrial glands and stroma that is
haphazardly deep within the myometrium.
Our previous study found that the expression
of killer cell immunoglobulin (I1g)-like
receptors (KIRs) on natural killer (NK) cells
was decreased in eutopic endometrium in
women with adenomyosis.' It may be a
compensatory effect in which the NK
cytotoxicity is activated in order to eradicate
the abnormal endometrial cells that might exit
of the eutopic site of endometrium, suggesting
that abnormal endometrial cells, but not
immunological phenomenon,
possibly account for the development of
adenomyosis.

An increased number of macrophages
has been found in eutopic and ectopic
endometrium in adenomyosis,>® implying
possible involvement of macrophage in the
development of adenomyosis. In
endometriosis, which is generally considered
to have a similar pathophysiology with
adenomyosis, blood monocytes were found to
enhance  autologous  endometrial  cell
proliferation.”  Accordingly, macrophages
appeared to play an important role in the
pathogenesis of adenomyosis.”

Cytokines are protein mediators of extra-
and intracellular communications within the
immune system. A number of cytokines and
growth factors are synthesized in the
endometrium in response to sex steroid
hormones and act to regulate endometrial
function.® Using an in vitro coculture system,
macrophages have been shown to activate
cytokine expression in tumor cells and thus
enhance tumor proliferation.”  Similarly,
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cytokines may also contribute to the
proliferation of ectopic endometrial implants
in adenomyosis after the activation by
macrophage.
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In this study, endometrial stromal cells
(ESCs) were obtained from women with and
without adenomyosis, and were cultured alone
or with macrophage. We investigated
messenger RNA expression of interleukin-6
(IL-6), interleukin-8 (IL-8) and interleukin-10
(IL-10) in ESCs, in an attempt to elucidate the
possible role of macrophage in the
pathogenesis of adenomyosis.
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Subjects and specimens

This study consisted of 10 women who
suffered from adenomyosis (study group) and
11 women in whom leiomyoma was found
(control group). These women underwent
hysterectomy, either via abdominal or vaginal
route, at our hospital due to intolerable
symptoms, e.g. low abdominal pain,
dysmenorrhea, hypermenorrhea, etc. All the
participating women were at pre-menopausal
status. Since endometrial cells might have
different behaviors between follicular and
secretory phases and that an increased number
of macrophage has been found in the
late-secretory phase,®® only women at early-
to mid-secretory phases were included in this
study. The diagnosis of adenomyosis was
made by histopathologic examination without
exception. Informed consent was obtained
from each woman before surgery, and this
study protocol was approved by the
institutional review board (IRB) at our
hospital.



Purification of ESCs

Endometrium was obtained immediately
after the uterus was removed away from the
women, and was placed immediately in an
ice-cold 1:1 mixture of Dulbecco’s Modified
Eagle’s Medium and Ham’s F-12
(DMEMY/F-12) for transport to the laboratory.
The tissue was gently dissected into small
pieces (1 to 2 mm® and washed by
centrifugation (400 x g) in fresh medium to
remove any debris or excess blood cells. The
tissue was then incubated for 2 hours at 37°C
in a shaking water bath in DMEM/F-12
containing 0.5% collagenase and 0.02%
DNAase. The dispersed cells were filtered
through a 70-um nylon mesh to remove the
undigested tissue pieces containing the
glandular epithelium.

The filtered fraction was separated
further from epithelial cell clumps by
differential sedimentation at unit gravity, as
follows. The cells were resuspended in 2 mL
of culture medium and layered slowly over 10
mL of the medium in a centrifuge tube. Sealed
tubes were placed in an upright position at
37°C in 5% CO; in air for 30 minutes. After
sedimentation, the top 8mL of medium was
collected. The medium containing stromal

cells was filtered through a 40-um nylon mesh.

Final purification was achieved by allowing
stromal cells to adhere selectively to culture
dishes for 30 minutes at 37°C in 5% CO; in
air.  Nonadhering epithelial cells were
removed.

The stromal cells were plated in plastic
flasks (75 cm?) containing DMEM/F-12
supplemented with 100 IU/mL penicillin G, 50
mg/mL of streptomycin, 2.5 ug/mL of
amphotericin B, and 10% fetal bovine serum
(FBS, vol/vol) at 37°C in 5% CO; in air, and
allowed to replicate to confluence. Thereafter,

stromal cells were passed by standard methods
of trypsinization and were plated in 6-well
plates. Cells became preconfluent (covering
80% of the culture well) in approximately 5-7
days.

Coculture of ESCs with macrophage

The human monocyte cell line THP-1
(ATCC TIB202; ATCC, Manassas, VA) was
stimulated to differentiate into macrophage by
the addition of 1.6 x 10”7 M phorbol myristate
acetate (Sigma Chemical, St. Louis, MO) for
48 hours. All cells were incubated at 37°C in
5% CO, in air. Cultured macrophages were
detached by exposure to versene (1:5000
dilution; Life Technologies, Paisley, UK),
washed with 15 ml of PBS for three times to
avoid any effect of phorbol myristate acetate,
then incubated in 20 ml of serum-free media
for 24 hours.

The ESCs, seeded in 6-well plates, were
allowed to grow to confluence for 24 hours
and then washed twice with serum-free RPMI
1640 and incubated in 2 mL of serum-free
RPMI. Macrophages (5 x 10° in 2 mL of
serum-free RPMI) were seeded into the top
chamber of a transwell apparatus (Costar,
Cambridge, MA), which was then placed
directly on top of the 6-well plates containing
ESCs. Two mL of serum-free RPMI without
macrophage was added to another confluent
well of ESCs.

After incubation for 24 hours, the ESCs
were washed twice with PBS and collected.
Total RNAs were extracted using 1 mL of
Trizol (Invitrogen, Carlsbad, CA).

Real-time quantitative PCR

A real-time quantitative PCR system
(ABI PRISM 7700 Sequence Detection
System; PE Applied Biosystems) was used as



previously described (10, 11). Briefly, RNA
was prepared and subsequently cDNA was
obtained by random hexamer priming. The
primers and probes used in the PCR were
designed according to the TagMan primer and
probe design system. Based on the
manufacturer's protocol, the FAM
(6-carboxyfluorescein) and VIC were used as
the reporter dyes and TAMRA
(6-carboxy-tetramethyl-rhodamine) as the
quencher dye. The probes were labeled with
both reporter dye and quencher dye on the 5’-
and 3’-ends, respectively. During PCR, the
reporter dye was released and the resultant
fluorescence was detected and could be
quantified. The PCR was carried out in a
thermal cycler (ABI PRISM 7700 Sequence
Detection System) in the following sequence:
reaction at 50°C for 2 min, at 95°C for 10 min,
and subsequently the PCR was repeated for 45
cycles at denaturation at 95°C for 15 s and
annealing and extension at 60°C for 1 min.
Each sample was examined in triplicate and a
mean value was obtained. The relative
concentration  of mMRNA  was
subsequently calculated according to the
Manufacturer's User Manual. Briefly, the
threshold cycle (Ct) values of the target gene
(IL-6, IL-8 and IL-10) and the internal control
gene (B-actin) mRNA in the studied sample
were first measured. The ACy value of the
studied sample was calculated by the
following formula: ACt = Cy of target gene -
Ct of B-actin (this ACt is designated as
“sample ACt”). Similarly, the C+ values of the
target gene and its respective B-actin of a
positive control were also obtained and the
AC+ was calculated (designated as “calibrator
ACt”). AACt was then calculated using the
following formula: AACt = ACt (sample) -
ACy (calibrator) and finally the relative value

each

of each mRNA was calculated by the formula:
242¢T PCR without template was used as a
negative control (called no template control)
to verify experimental results.

Immunohistochemistry
The immunohistochemistry protocol has
described  previously.****  Briefly,
paraffin-embedded  tissue
sections were deparaffinized with xylene, and
hydrated with step-down concentrations of
ethanol. The sections were then incubated
with 30% H,0,/70% methanol solution at RT
for 5 min, treated with normal horse serum
(Pierce Biotechnology, Rockford, IL) at RT
for 5 min to reduce non-specific binding of
antibodies, and incubated overnight at 4°C
with primary antibodies (for IL-6 detection,
mouse monoclonal anti-human IL-6 antibody,
1:50 dilution; Chemicon, Temecula, CA,; for
IL-8 detection, goat polyclonal anti-human
IL-8 antibody, 1:50 dilution; R&D; for IL-10
detection, mouse monoclonal anti-human
IL-10 antibody, 1:50 dilution; R&D). On the
next day, the sections were washed with PBS,
treated with polyvalent biotinylated secondary
antibody (Dako, Carpinteria, CA), which
bound to primary antibody at RT for 10 min,
and then treated with streptavidin-peroxidase
reagent, which bound to the secondary
antibody, at RT for 10 min. The color was
developed using 3,3’ diaminobenzidine (DAB)
chromogen at RT for 15 min and
counterstained with Mayer’s hematoxylin for
1 min. Experiments with the omission of
primary antibodies were used as negative
controls.

been
formalin-fixed,

Statistical analysis
All values are expressed as mean +
standard error (SEM). As the data were not



normally distributed, the Mann-Whitney U
test for non-parametric data was used to
compare the difference between the groups. A
probability value less than 0.05 was
considered statistically significant.
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The mean age was 41.3 years for women
with adenomyosis and 43.8 for those without
adenomyosis. The body mass indices were
similar between the two groups (mean = 24.7
vs. 23.8). All the participating women were at
early- to mid-secretory phases.

Immunohistochemical study for IL-6, IL-8,
and IL-10 proteins in ESCs

Immunohistochemical study identified
that the immunoreactive 1L-6, IL-8, and I1L-10
were found in ESCs. The staining was also
detectable in the glandular epithelium. As
expected, the negative controls did not show
any immunoreactive staining (Figure 1).

Quantitation of IL-6, IL-8 and IL-10 mRNA
by real-time quantitative PCR

In ESCs cultured alone for 24 hours, the
relative levels of IL-6, IL-8 and IL-10 mRNA,
using B-actin as a reference gene, were 0.5 +
0.2,6.4+2.0,and 0.2 £ 0.1 (mean + SEM) in
women with adenomyosis, similar to those
(05 + 0.2, 3.2 + 1.1 and 0.05 + 0.04) in
women without adenomyosis. In ESCs
cultured with macrophage for 24 hours,
however, the relative level of IL-6 MRNA was
much higher in women with than that in
women without adenomyosis (2.2 + 0.8 vs.
0.3 £ 0.1, P = 0.006). The relative levels of
IL-8 (24.6 £ 6.9 vs. 16.9 + 4.4) and IL-10
(0.07 £ 0.04 vs. 0.05 + 0.04) mRNA remained
similar between women with and without

adenomyosis in  ESCs cultured with

macrophage (Figure 2).

Without regard to women suffering from
adenomyosis or not, the IL-8 mMRNA
expression in ESCs cultured with macrophage
was 4.9 times higher than that in ESCs
cultured alone. This magnification was
significantly higher than that (1.1 times) of
IL-10 mRNA (P = 0.005). On the other hand,
the magnification of IL-6 mMRNA expression
in women with adenomyosis had a higher
value than that in women without
adenomyosis (4.3 vs. 0.8, P = 0.041), but it
was not different between women with and
without adenomyosis in terms of IL-8 (2.3 vs.
9.6) and IL-10 (1.4 vs. 1.1) mRNA expression
(Table I).

The etiology and pathologic mechanism
responsible for adenomyosis are not yet well
known by far. Our results, using a coculture
system in which the cells were physically
separated, revealed an increased IL-6 mMRNA
expression in ESCs after culture with
macrophage in women with adenomyosis.
Although macrophages are able to mediate the
cytolysis of eutopic and ectopic endometrial
cells,**** they could also enhance cell growth
and proliferation through the amplification of
cytokine  secretion.”** In  this study,
macrophage appeared to play an important
role in the regulation of IL-6 expression in
ESCs. This IL-6 mRNA expression might be
enhanced by some kinds of factors in the
conditioned medium that was secreted after
macrophage-ESC communication. Although it
is unknown how many and which factors are
involved in this regulatory process, TNF-a is
a possible one that has been found to be
secreted by macrophage and induce the
proliferation of ESCs.!>1®

In this study, the human monocyte cell



line THP-1 was stimulated to differentiate into
macrophage, and was then cocultured with
ESCs. The reason for using THP-1 instead of
endometrial macrophage was that the isolation
of tissue macrophage is not technically
available by far. Tissue macrophages are
reported to be phenotypically heterogeneous
in different tissues.'”*® Although peripheral
blood monocyte and peritoneal macrophage
have been employed in in vitro cytolysis of
endometrial  cells,****  their biological
behaviors are not fully consistent with that of
endometrial macrophage. Therefore, THP-1
served as a surrogate of endometrial
macrophage in this in vitro experiment.

IL-6 contains angiogenic and mitogenic
effects and plays a pivotal role in mediating
numerous  physiologic and  pathogenic
processes.® The production of IL-6 may be
modulated by several factors, such as ovarian
steroids and inflammation-associated
cytokines including TNF-a, IL-1B, and
interferon-y.?%?" It has been suggested that
IL-6 has important functions in reproductive
physiology, including the regulation of
ovarian steroid production, folliculogenesis,
and early events related to implantation.?*?
Both eutopic and ectopic endometrium were
proved to produce IL-6.%* It is consistent
with that found in the present study, in which
immunohistochemistry ~ demonstrated  the
presence of IL-6 in ESCs.

In this study, IL-8 mMRNA expression in
ESCs was increased by 4.9-fold after
interaction with macrophage, which was much
higher than that of IL-10 (1.1-fold). This
marked expression of IL-8 mRNA after the
activation of macrophage was also reported in
lung cancer cells, in which a 270-fold increase
was found.” Although 1L-8 has been shown to
enhance the proliferation of eutopic and

11,25 \ve did not

ectopic ESCs in endometriosis,
found difference in the expression of IL-8
MRNA in ESCs, either cultured alone or with
macrophage,
without adenomyosis. Therefore, IL-8 did not
appear to play an important role in the
pathogenesis of adenomyosis, which is
different from that found in endometriosis.?>?®
Similarly, IL-10 was not differently expressed
at RNA level in ESCs between adenomyosis
and controls in this study, although it has been
reported to have an increased production in
peritoneal fluid in endometriosis.?”%®
There is only limited

investigating the angiogenic and growth
factors that might encourage adenomyosis.
Besides IL-6 noted in this study, vascular
endothelial growth factor (VEGF) and
fibroblast growth factor (FGF) are two other
possible factors accounting for the growth of
adenomyosis.? The array technology might be
a good tool to explore more angiogenic and
growth factors in adenomyosis. It deserves
further investigation.

Dilemma exists in the clinical management of
adenomyosis, i.e., between the effectiveness
of treatment and the preservation of fertility.
Hysterectomy is the most common and
effective treatment for adenomyosis as it
nearly ensures cure. However, desire for a
future pregnancy contraindicates
hysterectomy. On the contrary, drug therapy
including oral contraceptive pill, progestogen,
danazol, and gonadotropin releasing hormone
analogue (GnRHa) preserves female fertility,
but is relatively ineffective in treating
adenomyosis. Our study provides an idea in
the possible prevention of adenomyosis. For
women at the risk of development of
adenomyosis, such as prior uterine surgery®
and prior endometrial curettage or resection,

between women with and

literature



132 the future occurrence of adenomyosis

might be potentially prevented through the
prophylactic management of their eutopic
endometrium. Although the precise manner of
prevention remains unclear, it deserves further
investigation.

Our results appeared to suggest that IL-6
mRNA was significantly expressed in ESCs
after in vitro coculture with macrophage in
adenomyosis. This aberrant behavior of ESCs
might play a role in the formation of ectopic
endometrial implants in adenomyosis.
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Figure 1. Immunohistochemical study of IL-6 (A, B), IL-8 (C, D) and IL-10 (E, F) in eutopic
endometrium in women with and without adenomyosis. Experiments with the omission of
primary antibodies were used as negative controls (G, H). Formalin-fixed, paraffin-embedded
tissue samples were treated with anti-IL-6, anti-IL-8 and anti-IL-10 antibodies (1:50 dilution)
using the Streptavidin-Biotin Universal Detection System as described in Materials and Methods.
The color was developed using 3,3’ diaminobenzidine chromogen and counterstained by

hematoxylin. Magnification, x400.
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Figure 2. Comparison of IL-6, IL-8 and IL-10 mRNA levels in endometrial stromal cells (ESCs)
cultured (A) alone or (B) with macrophage between women with and without adenomyosis. It
was done with real-time quantitative PCR, using B-actin as an internal control. Longitudinal axis
indicates their relative values calculated by the formula: 24“T, as described in the Materials and
Methods. Bars represent the mean + SEM.

* P =0.006 by Mann-Whitney U-test.

TABLE I. Magnifying times of mRNA expression in endometrial stromal cells after coculture
with macrophage.

Total Adenomyosis Controls

(n=21) (n=10) (n=11)
IL-6 2.1 (0.6-16.2) 4.3 (1.2-59.2)° 0.8 (0.2-9.5)°
IL-8 4.9 (1.8-28.5) 2.3(1.8-13.9) 9.6 (1.8-54.9)
IL-10 1.1 (0.4-4) 1.4 (0.4-5.6) 1.1 (0.3-5.1)

Note: Values are median (25%-75%).
P = 0.005 by Mann-Whitney U test
® P = 0.041 by Mann-Whitney U test
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