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Divergent endometrial
inflammatory cytokine expression
at peri-implantation period and
s v s after the stimulation by copper
" intrauterine device
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. Jehn-Hsiahn Yang*

Endometrial inflammation has contradictory effects. The one occurring at peri-implantation period

is favourable for embryo implantation, whereas the other occurring after the stimulation by copper
intrauterine device (Cu-1UD) prevents from embryo implantation. In this study, 8 week female ICR
mice were used to investigate the endometrial inflammation, in which they were at proestrus stage
(Group 1), at peri-implantation period (Group 2), and had a copper wire implanted into right uterine
horn (Group 3). Cytokine array revealed that two cytokines were highly expressed in Group 2 and
Group 3 as compared with Group 1, and seven cytokines, including tumour necrosis factor o (TNF-a),
had selectively strong expression in Group 3. Immunohistochemistry demonstrated prominent TNF-a
staining on the endometrium after Cu-lUD stimulation, and in vitro culture of human endometrial
glandular cells with Cu induced TNF-a secretion. The increased TNF-o concentration enhanced

in vitro THP-1 cells chemotaxis, and reduced embryo implantation rates. These results suggest that
inflammatory cytokine profiles of endometrium are different between those at peri-implantation
period and after Cu-1UD stimulation, and TNF-c is the one with selectively strong expression in the
latter. It might account for the contradictory biological effects of endometrial inflammation.

Embryo implantation is a critical step in human reproduction. However, the embryo implantation rate
remains relatively low even with in vitro fertilisation treatment. Endometrial inflammation occurs at the
peri-implantation period, in which there are lymphocyte infiltration and increased expression of several
inflammatory cytokines including IL-1c, tumour necrosis factor o (TNF-o), matrix metalloproteinase 9
(MMP-9), colony stimulating factor 1 (CSF-1), leukocyte inhibitory factor (LIF), and IL-11". High levels
of pro-inflammatory cytokines IL-6, IL-8, and TNF-« have been found to characterise early embryo
implantation. They are secreted by either endometrial cells or immune cells that are recruited to the site
of embryo implantation®®. As in any inflammation, the endometrial inflammation is accompanied by
the induction of adhesion molecules that play an important role in establishing an embryo implantation
environment*.
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Figure 1. (A) Brief protocols of the three groups are demonstrated. (B) Midline laparotomy is performed
and a copper wire with the length of 5mm and a diameter of 0.3 mm is implanted into the right uterine
horn (arrow) in a 8-week-old ICR female mouse for 21 days. (C) The location of copper wire is confirmed
with computed tomography (arrowhead). (D) The right uterine horn is dissected and cut open (E), and the
endometrium is obtained by curettage.

Copper intrauterine device (Cu-IUD) is one of the most effective forms for birth control and has been
used for a couple of decades. Several mechanisms have been proposed to account for its contraceptive
action, including the prevention of sperm from reaching fallopian tubes, the hindrance to fertilisation®,
and the induction of enhanced inflammatory response with increased numbers of leukocytes>’. Cu-IUD
has also been found to alter cytokine and integrin expression in the endometrium, and consequently
interferes with embryo implantation®’.

It appears that the endometrial inflammation has contradictory results. One is favourable for embryo
implantation, as is shown at the peri-implantation period, whereas the other prevents from embryo
implantation, as is noted in the case of Cu-IUD stimulation. Inflammation is a biological response of
vascular tissues to harmful stimuli, which is mediated by a variety of molecules. Accordingly, it would
be of value to study the different cytokine profiles of endometrial inflammation between those at
peri-implantation period and after Cu-IUD stimulation. Results obtained after our experiments might
provide important information with regard to the factors influencing embryo implantation.

Results

Animals and Grouping. Female ICR mice at 8 week old and weighing ~20g were used as the exper-
imental subjects. They were divided into 3 groups, in which Group 1 mice were the controls at proestrus
stage; Group 2 mice were at peri-implantation period; and those in Group 3 had a copper wire implanted
into their right uterine horn (Fig. 1A). This study protocol was approved by the Institutional Animal
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Figure 2. (A) Signals of cytokine antibody array are shown. (B) Relative expression ratio of Group 2 (at
peri-implantation period) and Group 3 (after Cu-IUD stimulation) is calculated using Group 1 (control
group) as the benchmark. Using the cutoff value of 1.8, IL-1a and thymus and activation regulated
chemokine (TARC) are more strongly expressed both in Group 2 and Group 3 as compared with those in
Group 1. By contrast, TNF-a, IFN-~, IL-13, monokine induced by gamma interferon (MIG), macrophage
inflammatory protein 13 (MIP-13), MIP-2, and triggering receptor expressed on myeloid cells 1 (TREM-1)
are more strongly expressed after the stimulation by Cu-IUD than those in the other two groups.

Care and Use Committee (IACUC) at College of Medicine and College of Public Health, National Taiwan
University. All experiments were carried out in accordance with the approved guidelines.

For Group 2 mice, intraperitoneal PMSG 5 IU was injected for 2 consecutive days, followed by hCG 10
IU injection, and endometrial tissue was obtained 3.5 days later, roughly at the peri-implantation endome-
trium. For Group 3 mice, inhalational isoflurane (2-chloro-2-(difluoromethoxy)-1,1,1-trifluoro-ethane)
anaesthesia was done, followed by a midline laparotomy. A copper wire obtained from Nova-T® IUD
(Bayer Schering Pharma, Turku, Finland) with the length of 5mm and a diameter of ~0.3mm was
implanted into the right uterine horn for 21 days (Fig. 1B). The location of copper wire was confirmed
with computed tomography (Fig. 1C).

Whitten effect'” was achieved with male-urine-soaked bedding in Group 1 and Group 3 for estrus
cycle synchronisation. Uterine dissection was done 36 hours later, when the endometrium was supposed
to be at the proestrus stage'!.

Protein preparation. Female mice (n=>5 in each group) were anaesthetised with isoflurane, and the
uterus was dissected (Fig. 1D) and cut open (Fig. 1E). The endometrium was obtained by curettage and
was ground into fine powder with a pestle and mortar, and then resuspended in 10mM EDTA, 0.4%
2-mercaptoethanol, 0.9M sucrose, and 0.1 M Tris-HCI at pH 7.8. The homogenate was centrifuged at
5000 x g thereafter for 15 minutes at 4°C. Finally, the supernatant was kept at —80°C.

Expression profiles of endometrial inflammation. Mouse cytokine array (Proteome Profiler™,
R&D Systems) was used to analyse the protein profiles. Signals of cytokine array are shown in Fig. 2A.
Quantification of the expression intensity was done using Group 1 as the benchmark, and the relative
expression ratios of Group 2 and Group 3 were calculated. Using the cutoff value of 1.8, it revealed that
IL-1a and thymus and activation regulated chemokine (TARC) were more strongly expressed both in
Group 2 and Group 3, as compared with those in Group 1. By contrast, TNF-q, interferon ~ (IFN-v),
IL-183, monokine induced by gamma interferon (MIG), macrophage inflammatory protein 13 (MIP-13),
MIP-2, and triggering receptor expressed on myeloid cells 1 (TREM-1) were more strongly expressed
after the stimulation by Cu-IUD than those in the other two groups (Fig. 2B).
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Figure 3. Haematoxylin and eosin (H & E) stain demonstrates subepithelial lymphocytic infiltration in the
endometrium at peri-implantation period (Group 2) and after the stimulation by Cu-IUD (Group 3), but not
evident in the control group (Group 1). The lymphocytic infiltration is more prominent in Group 3 than that
in Group 2. Immunohistochemisty shows more obvious F4/80 (macrophage) staining (n= 10, p < 0.001) in
Group 3 than that in Group 1 and Group 2, whereas the proliferating cell nuclear antigen (PCNA) staining
is not different among the three groups.

Histology of endometrium. Haematoxylin and eosin (H&E) stain revealed subepithelial lymphocytic
infiltration in the endometrium of Group 2 and Group 3, but not evident in Group 1. The lymphocytic
infiltration is strinkingly prominent in Group 3 as compared with that in Group 2. Immunohistochemisty
identified prominent F4/80 (a well known and widely used marker of murine macrophages) staining in
Group 3, but not in Group 1 and Group 2. The mean number of F4/80 immunopositive cells were 33.1
in Group 3 per field with a X400 magnification, much higher than those in Group 1 and 2 (4.6 and 5.3
respectively, p < 0.001). On the other hand, staining of proliferating cell nuclear antigen (PCNA) was not
different among endometria of the three groups (Fig. 3).

Cu-induced TNF-o production in human endometrial glandular cells (hEGCs). The contracep-
tive effect of Cu-IUD is based on the release of cupric ion (Cu*") to endometrial and oviductal fluids'2.
As a result, hEGCs were treated with different concentrations of CuSO, (0, 10, 50, 100uM) to evaluate
the effect of Cu*" on the induction of TNF-a in hEGCs. The cell culture supernatant was collected
24 hours later, and TNF-o concentrations were determined by a mouse TNF-o Quantikine ELISA Kit
(MTAO00B, R & D Systems).

It showed that the higher concentrations of CuSO, treatment, the more TNF-a was produced by hEGCs
(p<0.001 by ANOVA, Fig. 4A). Immunohistochemisty revealed that TNF-o was heavily stained in the
mouse endometrium after Cu-IUD stimulation, but not in the control group and at peri-implantation
period (Fig. 4B).

Chemotaxis assay. Chemotaxis assay was done with 24-well transwell inserts, in which the trans-well
migration of human THP-1 cells toward conditioned media was examined. THP-1 is a human monocytic
cell line that is widely used to investigate the differentiation of monocytes into macrophages'®. Blue spots
developed in positions at which cell migration had occurred (Fig. 5A). It revealed that the conditioned
medium obtained from Cu-treated hEGCs significantly enhanced the chemotaxis of THP-1 compared
with that obtained from Cu-free hEGCs (p < 0.001). As the conditioned medium was pretreated with
TNF-a neutralising antibody, the chemotaxis of THP-1 cells decreased (p < 0.001, Fig. 5B).

In vitro embryo implantation assay. In vitro BeWo spheroid-hEGCs implantation assay demon-
strated that embryo implantation potentials were similar between hEGCs treated with 10 pg/mL TNF-«
and those without TNF-« treatment. However, when hEGCs were treated with 50, 100, and 200 pg/
mL TNF-a, the embryo implantation rates decreased gradually and significantly (ANOVA p < 0.001,
Fig. 6A,C).
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Figure 4. (A) In vitro treatment of human endometrial glandular cells (hEGCs) with CuSO, achieves

a dose-dependent release of TNF-a (n=3). The higher concentrations of CuSO,, the more TNF-« is
produced by hEGCs (p < 0.001). (B) Immunohistochemisty reveals prominent TNF-o expression in the
endometrium after Cu-IUD stimulation (Group 3), but not in the other two groups.
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Figure 5. (A,B) In vitro chemotaxis assay (n=4) shows that conditioned medium (CM) obtained from
Cu-treated human endometrial glandular cells (hEGCs) significantly enhances chemotaxis of THP-1 cells,
as compared with that obtained from hEGCs without Cu treatment (p < 0.001), and the addition of TNF-«
neutralising antibody reduces chemotactic effect (p < 0.001).

Cu-lUD effects on the endometrium. Taken together, Cu-IUD induces TNF-a production in
hEGCs, which results in immune cells aggregation in the endometrium. Intense endometrial inflamma-
tion occurs thereafter, and embryo implantation is prohibited (Fig. 7).

Discussion

Endometrial inflammation occurs both at peri-implantation period (Group 2) and after the stimulation
by Cu-IUD (Group 3), though they have contradictory effects on embryo implantation. To our knowl-
edge, this is the first study comparing the inflammatory cytokine profiles between them. The endometrial
inflammation was confirmed by H&E stain, in which subepithelial lymphocytic infiltration was found
in both Group 2 and Group 3, but not evident in the control group (Group 1). The endometrial inflam-
mation is more prominent after Cu-IUD stimulation than that occurring at peri-implantation period, in
which cytokine array reveals nine cytokines highly expressed in Group 3, whereas only two cytokines
are strongly expressed in Group 2.

Cytokines are cell signaling molecules that aid cell to cell communication in immune responses and
stimulate the movement of cells towards sites of inflammation, infection and trauma. Cytokine array is
employed in this study to investigate the expression profiles of inflammatory molecules. Using the cutoff
value of 1.8, two cytokines (IL-loe and TARC) are increasingly expressed in Group 2 and Group 3, as
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Figure 6. BeWo spheroids formed spontaneously by cell aggregation after 24 hours of culture (B).

In vitro BeWo spheroid- human endometrial glandular cells (hEGCs) implantation assay (n= 3)
demonstrates that embryo implantation potentials decrease gradually as hEGCs are treated with higher
TNF-a concentrations. When hEGCs are treated with 50 (p=0.003 and 0.011 respectively), 100 (p < 0.001),
and 200 (p < 0.001) pg/mL TNF-a, the embryo implantation rates are much lower than those with 0, and
10pg/mL TNF-o treatment (A,C).

compared with those in Group 1. No cytokine is selectively highly expressed at peri-implantation period,
whereas seven cytokines (TNF-a, IFN-~, IL-13, MIG, MIP-13, MIP-2, and TREM-1) are more strongly
expressed after the stimulation by Cu-IUD than those in the other two groups.

IL-1a is the one with strong expression both at peri-implantation period and after Cu-IUD stim-
ulation. IL-1 system has been shown to play important roles in the development of pre-implantation
embryos'®. Previous experiments used a mouse model and found that IL-1o. was expressed in uterus
throughout the peri-implantation period". In addition, women who had a detectable serum IL-1c con-
centration in IVF-ET cycles on the day of hCG administration achieved a higher implantation rate than
those without a detectable IL-1av concentration'. However, the favourable-for-embryo-implantation
effect of IL-1o. might be counteracted by other cytokines like TNF-a in Group 3, and this effect
diminishes.

After searching in the literature, TNF-« is probably the cytokine that we are looking for. A high
TNF-a concentration is found in endometrial secretions at the peri-implantation period in women with
recurrent implantation failure'’, and it has been found to express strongly after Cu-IUD insertion'®.
TNF-« is produced chiefly by activated macrophages'>?, though it is also produced by many other cells
such as CD4 lymphocytes, NK cells, neutrophils, mast cells, eosinophils, and neurons. The production of
TNF-a by human endometrial cells has been reported, and its peak release is in the menstrual phase?..
Agreeing with it, we demonstrated prominent immunohistochemical TNF-« staining in endometrial
cells, as was shown in Fig. 4B.

The primary role of TNF-a is to regulate immune cells and to cause tissue inflammation??. A pre-
vious study reported a higher mRNA level of TNF-a in endometria exposed to Cu-IUD. Our results
support this finding and reveal that TNF-a is produced in vitro by Cu-stimulated hEGCs, and there is a
dose-response relationship (Fig. 4A). The recruitment of macrophages (monocytes) in the endometrium
by TNF-« is confirmed by an in vitro chemotaxis assay in this study (Fig. 5A,B) as well as in a previous
report®®. The aggregation of macrophages, together with other immune cells, results in intense endome-
trial inflammation, as is shown in Fig. 3, and accordingly interferes with embryo implantation that is
demonstrated in an in vitro embryo implantation assay (Fig. 6).

Although the endometrial inflammation occurs both at peri-implantation period and after the stim-
ulation by Cu-IUD, the PCNA staining is not different among the three groups (Fig. 3). It implies that
the endometrial cells preserve their ability in DNA replication and repair®® no matter whether there is
endometrial inflammation or not, and irrespective of the intensity of endometrial inflammation.
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Figure 7. Schematic effects of Cu-IUD reveals that it stimulates endometrial cells to secrete TNF-a. The
increased TNF-o concentration results in immune cells aggregation in the endometrium and provokes
intense endometrial inflammation, which accordingly interferes with embryo implantation.

As in any experimental study, this study has its limitation. The cytokine array employed in this study
does not include all the inflammatory molecules. Accordingly, we probably did not find all the differen-
tially expressed inflammatory molecules between the endometria at peri-implantation period and after
the stimulation by Cu-IUD. In addition, the cutoff ratio of the expression intensity in the cytokine array
was arbitrarily set at 1.8. We might therefore miss some other inflammatory molecules that also play
important roles in embryo implantation, as well as in the contraceptive effect of Cu-IUD.

In conclusion, endometrial inflammation occurs both at peri-implantation period and after the
stimulation by Cu-IUD. However, the expression profiles of endometrial inflammation are different
between them, with the latter more intense than the former. TNF-a is the one with selectively strong
expression after Cu-IUD stimulation. It might account for the various biological effects in which the
peri-implantation endometrium is favourable for embryo implantation, whereas the endometrium stim-
ulated by Cu-IUD prevents from embryo implantation.

Methods

Reagents and antibodies. Antibodies to TNF-a (sc-8301), PCNA (sc-56), F4/80 (sc-59171) and
B-actin (sc-47778) were obtained from Santa Cruz Biotechnology (Santa Cruz, CA). CuSO, was pur-
chased from Sigma-Aldrich Co. (St. Louis, MO).

Expression profiles of endometrial inflammation by mouse cytokine array. Tissue lysate sam-
ples were first mixed with the biotinylated detection antibody cocktail at room temperature for 1hour,
while the array membrane was blocked with the blocking solution provided by the manufacturer. The
membrane was then incubated with the samples overnight at 2-8°C on a shaker. After washing, horse-
radish peroxidase-conjugated streptavidin was added to the membrane for 30 minutes at room temper-
ature, and signal development was achieved by addition of the commercial chemiluminescent detection
reagents. Digital imaging system (Bio Pioneer Tech Co.) was used to detect the signals, which were
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further analysed with Image J® programme. The experiment was conducted in duplicate, and a mean
value was calculated.

Immunohistochemistry. The slides were rehydrated in PBS for 15min and the endogenous perox-
idase was inhibited by 3% H,0O,/methanol for 10min at room temperature. For blocking, 5% non-fat
milk/PBS was used for 30min at room temperature. Slides were incubated with specific antibod-
ies for TNF-o, PCNA and F4/80 for 16hours at 4°C. The peroxidase-conjugated secondary antibod-
ies were incubated for 1hour at room temperature and were developed by immersing slides in 0.06%
3,3’-diaminobenzidine tetrahydrochloride (DAKO), followed by counterstaining with Gill's Haematoxylin
V. For the quantification of F4/80 immunoexpression, the number of immunopositive cells were counted
by eye in 10 fields with a x 400 magnification.

Isolation of human hEGCs. Human endometrium was obtained from 3 women who had endo-
metrial polyps and underwent hysteroscopic polypectomy. All of them were in the follicular phase at
pre-menopausal status. Spare endometrial tissue was collected for experimental use. Informed consent
was obtained from each woman before surgery, and this study protocol was approved by the institutional
review board (IRB) at our hospital. Since hEGCs are the cells that embryos first interact with during
the implantation process®, they are used in the in vitro experiments in this study. hEGCs purification
was done according to the method described before?”. hEGCs obtained from each woman were pooled
together for the following experiments, and they were cultured in phenol-red-free DMEM/F-12 contain-
ing 10% charcoal-stripped fetal bovine serum.

Chemotaxis assay. Chemotaxis assay was done with 24-well transwell inserts (Costar®, New York).
Conditioned medium (100pL) obtained from hEGCs culture was placed in the lower well of the chamber
and THP-1 cells (5 x 10%/mL) were loaded in the upper well. The lower and upper wells were separated
by a nitrocellulose philtres with an 8 um pore size. The chamber was incubated for 2hours at 37°C in
humidified air with 5% CO,. The chamber was disassembled and the cells remaining on the upper sur-
face of the philtre were removed by scraping the philtre with a rubber scraper. The philtres were then
fixed and stained with a crystal violet solution (1% w/v crystal violet and 10% v/v methanol). Blue spots
developed in positions at which cell migration had occurred. Cells migrating across the philtre onto the
lower surface were photographed. Quantification of the migration results were determined by the colour
intensity of the spots. Samples on philtres were solubilised in DMSO for 30 minutes at room temperature,
and the absorbance was determined at 570 nm with a microplate reader.

In vitro embryo implantation assay. Human BeWo choriocarcinoma cells (ATCC:CCL-98) with
GFP-luciferase co-expression were used to produce trophoblast spheroids. Cells were cultured in Ham’s
F12K nutrient mixture (pH 7.4) supplemented with 15% FCS in an atmosphere of 5% CO, at 37°C and
subcultured every 3 days by trypsinisation. For the preparation of spheroids, single cells were plated onto
noncoated 100-mm plastic petri dishes at 2 x 10° cells/mL in full growth medium. Abundant tropho-
blast spheroids formed spontaneously by cell aggregation after 24 hours of culture (Fig. 6B). Those with
a diameter between 70 and 100 um were picked using 100pm and 70pm nylon cell strainer (Becton
Dickinson, Franklin Lakes, NJ). They served as a substitute of blastocysts in the following experiment.

In vitro implantation assay was done according to previous reports***° with some modifications. Briefly,
the labelled spheroids were added to hEGCs monolayers with different concentrations (0, 10, 50, 100,
200 pg/mL) of TNF-« in 96-well at approximately 500 spheroids per well. After coculture for 30 min at
37°C in a humidified incubator, the culture medium was removed and the spheroids adherent to hREGCs
were examined under the florescence microscope. Relative light unit (RLU) of each well before and after
coculture was determined using luminometer (Beckman Coulter DTX 880). In vitro implantation rates
were calculated according to the formula: (RLU after coculture)/(RLU before coculture) x 100%.

Statistical analysis. In this study, experiments were repeated for at least three times. The data were
examined with one-way ANOVA, followed by Tukey test for multiple comparisons. Data were presented
as mean =+ SE. Significance level was set as P < 0.05 by a two-tailed test. Statistical Programme for Social
Sciences (SPSS version 12; SPSS Inc) was used for calculation.

References
1. Chaouat, G. Inflammation, NK cells and implantation: friend and foe (the good, the bad and the ugly?): replacing placental
viviparity in an evolutionary perspective. ] Reprod Immunol 97, 2-13 (2013).
2. Mor, G. & Koga, K. Macrophages and pregnancy. Reprod Sci 15, 435-436 (2008).
3. Yoshinaga, K. Review of factors essential for blastocyst implantation for their modulating effects on the maternal immune system.
Semin Cell Dev Biol 19, 161-169 (2008).
4. van Mourik, M. S., Macklon, N. S. & Heijnen, C. ]. Embryonic implantation: cytokines, adhesion molecules, and immune cells
in establishing an implantation environment. J Leukoc Biol 85, 4-19 (2009).
5. Ortiz, M. E. & Croxatto, H. B. Copper-T intrauterine device and levonorgestrel intrauterine system: biological bases of their
mechanism of action. Contraception 75, S16-30 (2007).
6. Stanford, J. B. & Mikolajczyk, R. T. Mechanisms of action of intrauterine devices: update and estimation of postfertilization
effects. Am J Obstet Gynecol 187, 1699-1708 (2002).

SCIENTIFIC REPORTS | 5:15157 | DOI: 10.1038/srep15157 8



www.nature.com/scientificreports/

7. Hagenfeldt, K., Johannisson, E. & Brenner, P. Intrauterine contraception with the copper-T device. 3. Effect upon endometrial
morphology. Contraception 6, 207-218 (1972).

8. ESHRE. Intrauterine devices and intrauterine systems. Hum Reprod Update 14, 197-208 (2008).

9. Savaris, R., Zettler, C. G. & Ferrari, A. N. Expression of alpha4betal and alphavbeta3 integrins in the endometrium of women
using the T200 copper intrauterine device. Fertil Steril 74, 1102-1107 (2000).

10. Whitten, W. K. Modification of the oestrous cycle of the mouse by external stimuli associated with the male. ] Endocrinol 13,
399-404 (1956).

11. Meziane, H., Ouagazzal, A. M., Aubert, L., Wietrzych, M. & Krezel, W. Estrous cycle effects on behavior of C57BL/6] and BALB/
cBy]J female mice: implications for phenotyping strategies. Genes Brain Behav 6, 192-200 (2007).

12. Roblero, L., Guadarrama, A., Lopez, T. & Zegers-Hochschild, F. Effect of copper ion on the motility, viability, acrosome reaction
and fertilizing capacity of human spermatozoa in vitro. Reprod Fertil Dev 8, 871-874 (1996).

13. Liang, E. et al. Monocyte differentiation up-regulates the expression of the lysosomal sialidase, Neul, and triggers its targeting
to the plasma membrane via major histocompatibility complex class II-positive compartments. ] Biol Chem 281, 27526-27538
(2006).

14. Kauma, S. W. Cytokines in implantation. J Reprod Fertil Suppl 55, 31-42 (2000).

15. Deb, K., Chaturvedi, M. M. & Jaiswal, Y. K. A. ‘minimum dose’ of lipopolysaccharide required for implantation failure: assessment
of its effect on the maternal reproductive organs and interleukin-lalpha expression in the mouse. Reproduction 128, 87-97
(2004).

16. Karagouni, E. E., Chryssikopoulos, A., Mantzavinos, T., Kanakas, N. & Dotsika, E. N. Interleukin-1beta and interleukin-1lalpha
may affect the implantation rate of patients undergoing in vitro fertilization-embryo transfer. Fertil Steril 70, 553-559 (1998).

17. Inagaki, N. et al. Analysis of intra-uterine cytokine concentration and matrix-metalloproteinase activity in women with recurrent
failed embryo transfer. Hum Reprod 18, 608-615 (2003).

18. Ammala, M., Nyman, T, Strengell, L. & Rutanen, E. M. Effect of intrauterine contraceptive devices on cytokine messenger
ribonucleic acid expression in the human endometrium. Fertil Steril 63, 773-778 (1995).

19. Agbanoma, G. et al. Production of TNF-alpha in macrophages activated by T cells, compared with lipopolysaccharide, uses
distinct IL-10-dependent regulatory mechanism. J Immunol 188, 1307-1317 (2012).

20. Jovinge, S., Ares, M. P, Kallin, B. & Nilsson, ]. Human monocytes/macrophages release TNF-alpha in response to Ox-LDL.
Arterioscler Thromb Vasc Biol 16, 1573-1579 (1996).

21. Tabibzadeh, S. et al. Site and menstrual cycle-dependent expression of proteins of the tumour necrosis factor (TNF) receptor
family, and BCL-2 oncoprotein and phase-specific production of TNF alpha in human endometrium. Hum Reprod 10, 277-286
(1995).

22. Matsuno, H. et al. The role of TNF-alpha in the pathogenesis of inflammation and joint destruction in rheumatoid arthritis (RA):
a study using a human RA/SCID mouse chimera. Rheumatology (Oxford) 41, 329-337 (2002).

23. Popa, C., Netea, M. G., van Riel, P. L., van der Meer, J. W. & Stalenhoef, A. E. The role of TNF-alpha in chronic inflammatory
conditions, intermediary metabolism, and cardiovascular risk. J Lipid Res 48, 751-762 (2007).

24. Mace, K. E, Ehrke, M. ], Hori, K., Maccubbin, D. L. & Mihich, E. Role of tumor necrosis factor in macrophage activation and
tumoricidal activity. Cancer Res 48, 5427-5432 (1988).

25. Essers, J. et al. Nuclear dynamics of PCNA in DNA replication and repair. Mol Cell Biol 25, 9350-9359 (2005).

26. Wang, H. & Dey, S. K. Roadmap to embryo implantation: clues from mouse models. Nat Rev Genet 7, 185-199 (2006).

27. Osteen, K. G., Hill, G. A., Hargrove, J. T. & Gorstein, F. Development of a method to isolate and culture highly purified
populations of stromal and epithelial cells from human endometrial biopsy specimens. Fertil Steril 52, 965-972 (1989).

28. Chen, S. U. et al. Apoptotic effects of high estradiol concentrations on endometrial glandular cells. J Clin Endocrinol Metab 99,
E971-980 (2014).

29. Li, H. Y. et al. Establishment of an efficient method to quantify embryo attachment to endometrial epithelial cell monolayers.
In Vitro Cell Dev Biol Anim 38, 505-511 (2002).

Acknowledgements

This study was supported by the grant MOST 103-2314-B-002-158 from the Ministry of Science and
Technology of the Republic of China and the research grant NTUH.102-S2063 from National Taiwan
University Hospital.

Author Contributions

J.H.Y. designed this study, collected tissue samples and draughted the article; C.H.C. and S.U.C. conducted
the experiments and critically revised the manuscript; C.T.S. interpreted the histological pictures; PN.T.
and Y.S.Y. offered opinions for the experiments.

Additional Information
Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Chou, C.-H. et al. Divergent endometrial inflammatory cytokine expression
at peri-implantation period and after the stimulation by copper intrauterine device. Sci. Rep. 5, 15157;
doi: 10.1038/srep15157 (2015).

This work is licensed under a Creative Commons Attribution 4.0 International License. The

oam images or other third party material in this article are included in the article’s Creative Com-
mons license, unless indicated otherwise in the credit line; if the material is not included under the
Creative Commons license, users will need to obtain permission from the license holder to reproduce
the material. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFIC REPORTS | 5:15157 | DOI: 10.1038/srep15157 9


http://creativecommons.org/licenses/by/4.0/

	Divergent endometrial inflammatory cytokine expression at peri-implantation period and after the stimulation by copper intr ...
	Results

	Animals and Grouping. 
	Protein preparation. 
	Expression profiles of endometrial inflammation. 
	Histology of endometrium. 
	Cu-induced TNF-α production in human endometrial glandular cells (hEGCs). 
	Chemotaxis assay. 
	In vitro embryo implantation assay. 
	Cu-IUD effects on the endometrium. 

	Discussion

	Methods

	Reagents and antibodies. 
	Expression profiles of endometrial inflammation by mouse cytokine array. 
	Immunohistochemistry. 
	Isolation of human hEGCs. 
	Chemotaxis assay. 
	In vitro embryo implantation assay. 
	Statistical analysis. 

	Acknowledgements

	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ (A) Brief protocols of the three groups are demonstrated.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ (A) Signals of cytokine antibody array are shown.
	﻿Figure 3﻿﻿.﻿﻿ ﻿ Haematoxylin and eosin (H & E) stain demonstrates subepithelial lymphocytic infiltration in the endometrium at peri-implantation period (Group 2) and after the stimulation by Cu-IUD (Group 3), but not evident in the control group (Group 1
	﻿Figure 4﻿﻿.﻿﻿ ﻿ (A) In vitro treatment of human endometrial glandular cells (hEGCs) with CuSO4 achieves a dose-dependent release of TNF-α (n = 3).
	﻿Figure 5﻿﻿.﻿﻿ ﻿ (A,B) In vitro chemotaxis assay (n = 4) shows that conditioned medium (CM) obtained from Cu-treated human endometrial glandular cells (hEGCs) significantly enhances chemotaxis of THP-1 cells, as compared with that obtained from hEGCs with
	﻿Figure 6﻿﻿.﻿﻿ ﻿ BeWo spheroids formed spontaneously by cell aggregation after 24 hours of culture (B).
	﻿Figure 7﻿﻿.﻿﻿ ﻿ Schematic effects of Cu-IUD reveals that it stimulates endometrial cells to secrete TNF-α.



 
    
       
          application/pdf
          
             
                Divergent endometrial inflammatory cytokine expression at peri-implantation period and after the stimulation by copper intrauterine device
            
         
          
             
                srep ,  (2015). doi:10.1038/srep15157
            
         
          
             
                Chia-Hung Chou
                Shee-Uan Chen
                Chia-Tung Shun
                Po-Nien Tsao
                Yu-Shih Yang
                Jehn-Hsiahn Yang
            
         
          doi:10.1038/srep15157
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep15157
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep15157
            
         
      
       
          
          
          
             
                doi:10.1038/srep15157
            
         
          
             
                srep ,  (2015). doi:10.1038/srep15157
            
         
          
          
      
       
       
          True
      
   




