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Context: Endometrial remodeling occurs during each menstrual cy-
cle in women and also during the establishment of endometriosis.
Both processes involve the production of metalloproteinases (MMPs)
by uterine endometrial cells.

Objective: The objective of this study was to determine whether tissue
remodeling and endometrial invasion involve activation of MMPs by
extracellular matrix metalloproteinase inducer (EMMPRIN).

Main Outcome Measures: EMMPRIN expression was examined by
immunohistochemistry and real-time PCR in ectopic and eutopic en-
dometria. For functional assays, human uterine fibroblasts were
treated in the absence or presence of IL-1� (10 ng/ml) or purified
native EMMPRIN (0.5 or 1 �g/ml) for 24 h. Cellular RNA and con-
ditioned medium were assayed by real-time PCR or immunoblotting.

Results: EMMPRIN protein localized to epithelial and fibroblast cells
of eutopic and ectopic endometria. The pattern of localization was

regulated by ovarian hormones. EMMPRIN mRNA levels varied
throughout the menstrual cycle in parallel with the cyclic changes in
estradiol. EMMPRIN treatment (0.5 �g/ml) of human uterine fibro-
blast cells stimulated MMP-1 (5.23-fold) and MMP-2 (8.55-fold), but
not MMP-3, mRNA levels over levels in control cells (P � 0.05).
EMMPRIN treatment (1 �g/ml) stimulated endogenous EMMPRIN
(1.6-fold) mRNA levels (P � 0.05). IL-1� stimulated MMP-1 (5.6-fold),
MMP-2 (2.8-fold), and MMP-3 (75-fold) gene expression, but not
EMMPRIN, over levels in control cells (P � 0.05). Both EMMPRIN
and IL-1� treatments stimulated MMP-1, -2, and -3, but not
EMMPRIN protein secretion, with 0.5 �g/ml producing the greatest
response.

Conclusions: The ability of EMMPRIN to stimulate MMP secretion
by endometrial fibroblasts indicates its potential role in uterine re-
modeling and the pathogenesis of endometriosis. (J Clin Endocrinol
Metab 91: 2358–2365, 2006)

HUMAN UTERINE ENDOMETRIUM consists of three
different layers: the stratum basalis, the stratum spon-

giosum, and the stratum compactum. During menstruation, the
last two layers, commonly called the functionalis layer, are
degraded and sloughed off, leading to uterine bleeding. As
estrogen and progesterone levels fall before menstruation, the
endometrium shows a significant increase in the expression of
a group of proteinases called matrix metalloproteinases
(MMPs) (1–4), and these regulate the breakdown and remod-
eling of the endometrium. This cycle of remodeling is necessary
for preparation of the endometrium for potential implantation
and pregnancy. However, menstrual shedding is also hypoth-
esized to be a major causative factor for the establishment of the
disease endometriosis.

Endometriosis is the adherence and growth of components
of the functionalis layer of the endometrium outside the
uterine cavity. The most common theory for the displace-

ment of endometrial tissue in the peritoneal cavity is retro-
grade menstruation. The endometrial fragments dispersed
throughout the peritoneal cavity remain responsive to ovar-
ian hormone regulation (5, 6). The pathogenesis of endome-
triosis is poorly understood; however, for endometrial frag-
ments to adhere, invade, and develop, there must be
extensive remodeling of the peritoneal mesothelial layer. As
with normal menstruation, this remodeling requires activa-
tion of MMPs. Several MMPs are expressed in the endome-
trium, and their expression patterns change throughout the
menstrual cycle (reviewed in Ref. 7). With the exception of
MMP-2, which is expressed constitutively throughout the
cycle, most MMPs are up-regulated when estrogen levels are
rising and are down-regulated once progesterone levels in-
crease. The activity of MMPs is controlled by growth factors,
hormones, cytokines, immune cells, and tissue inhibitors of
metalloproteinases (8–11). Within the last decade, a major
inducer of MMPs has been characterized and identified as
extracellular matrix metalloproteinase inducer (EMMPRIN).

EMMPRIN is a member of the Ig superfamily, which in-
cludes T cell receptors, neural cell adhesion molecules, and
major histocompatibility complex antigens. This glycopro-
tein was first identified as tumor cell collagenase stimulatory
factor, a tumor cell surface molecule that stimulates nearby
fibroblasts to produce MMPs (12–15). EMMPRIN has been
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shown to play a role in monocarboxylic acid transport (16) and
reproduction (17). Glycosylation of EMMPRIN is important for
its effects on MMP production (18). Most EMMPRIN is located
on the cell surface; however, 2–3% can be isolated as a soluble
form (19) through microvesicle shedding (20). A recent study by
Noguchi et al. (21) reported that EMMPRIN protein is expressed
in the human endometrium throughout the menstrual cycle.
However, they did not examine all stages of the menstrual
cycle, such as the menstrual phase.

The objectives of this study were: 1) to examine more
closely the pattern of EMMPRIN protein localization and
mRNA expression in human eutopic endometrium through-
out the menstrual cycle; 2) to determine the effect of purified
native EMMPRIN on endogenous EMMPRIN and MMP-1, -2
and -3 mRNA expression and protein secretion by primary
cultures of human uterine fibroblast cells; and 3) to deter-
mine whether EMMPRIN protein and mRNA are expressed
in ectopic endometrium (i.e. in endometriotic lesions). The
MMPs chosen were representative of each class of MMPs
(MMP-1, collagenase-1; MMP-2, gelatinase A; and MMP-3,
stromelysin-1).

Patients and Methods
Acquisition of human uterine endometrium

Human endometrial tissues processed for immunohistochemistry
were obtained from premenopausal patients undergoing hysterectomy
for leiomyomas, who did not have endometriosis, under an approved
institutional review board protocol for consent to use discarded tissue
for research purposes (Brigham and Women’s Hospital, Boston, MA).
Human endometrial tissues processed for real-time PCR were obtained
from the Specialized Cooperative Centers Program in Reproduction
Research Reproductive Tissue Sample Repository (Chapel Hill, NC).
These were also women who had not been diagnosed with endometri-
osis. The stage of the menstrual cycle was determined by the hospital
obstetric/gynecology pathologists using the endometrial dating method
of Noyes et al. (22) or an LH-monitoring test. Ectopic and eutopic en-
dometria for real-time PCR analysis were obtained through the Spe-
cialized Cooperative Centers Program in Reproduction Research Re-
productive Tissue Sample Repository from five patients undergoing
removal of endometriotic lesions by laparoscopy. None of the patients
was receiving any type of drug therapy at the time of surgery, and all
were cycling. Slides of endometriotic lesions for immunohistochemical
analysis were obtained from Brigham and Women’s Hospital. The pa-
thologists were able to determine from the records that these patients
had not been receiving any hormonal therapy.

Cell isolation, culture, and treatments

Purified EMMPRIN was isolated from LX-1 human lung carcinoma
cell membrane extracts by immunoaffinity chromatography as previ-
ously described (13). Human uterine fibroblast (HUF) cells were ob-
tained from the Cell Biology Core Laboratory of the Center for Women’s
Reproductive Health at University of Illinois-Chicago College of Med-
icine under an approved institutional review board protocol. The cells
were isolated and processed as described previously (23) and were
received in our laboratory at passage 2. HUF cells have been used by
other investigators as a model cell line to study the regulation of de-

cidualization. These cells are nondecidualized fibroblasts isolated from
term deciduas, and they can undergo decidualization in culture in the
presence of estrogen, progesterone, and either cAMP or IL-1� (24–26).
Because of the ability of these cells to undergo decidualization in the
presence of steroid hormones, hormones were excluded from our cell-
conditioned medium. HUF cells were grown to confluence in phenol
red-free RPMI 1640 culture medium supplemented with 5% fetal bovine
serum, 5% bovine calf serum, 120 U/ml penicillin/streptomycin (Cam-
brex, Walkersville, MD), and 3.2 mm l-glutamine (Cambrex). Once cells
reached confluence, they were transferred to serum-free medium con-
taining only l-glutamine and antibiotics for 36–40 h. After this washout
period, the cells were treated with 10 ng/ml IL-1� (catalog no. 201-LB,
R&D Systems, Inc., Minneapolis, MN) or 0.5 and 1 �g/ml purified
EMMPRIN for 24 h in serum-free conditioned medium. Conditioned
medium samples were collected, and cells were harvested in TRIzol
reagent (Invitrogen Life Technologies, Inc., Carlsbad, CA) for RNA
isolation. Cell lines were established from three different patients and
were used at passage 5 in these studies.

RNA isolation and quantitative RT-PCR

Total RNA was extracted from cells or tissue using TRIzol (Invitrogen
Life Technologies, Inc.) according to the manufacturer’s instructions.
One microgram of total RNA was used in a 20-�l volume of RT reactions
using RETROscript First Strand Synthesis Kit for RT-PCR following the
manufacturer’s instructions (Ambion, Inc., Austin, TX). Synthesized
cDNA was used for real-time PCR analysis.

Real-time PCR analyses were performed in a 25-�l volume containing
1� TaqMan Universal PCR Master Mix No AmpErase UNG (catalog no.
4324018, Applied Biosystems, Atlanta, GA), diluted cDNA, and ribo-
nuclease-free water. Genes were amplified using either 1� Assays-on-
Demand Gene Expression Assay Mix (Applied Biosystems) or 500 nm
primers and 150 nm TaqMan minor groove binding probe sets. MMP-1
and -2 primer probe sets were designed using Primer Express software
(PerkinElmer, Norwalk, CT). The 20� Assay-on-Demand Gene Expression
Assays were purchased for MMP-3, EMMPRIN, and glyceraldehyde-3-
phosphate dehydrogenase (GAPDH; catalog no. Hs00233962m1,
Hs00174305m1, and Hs99999905m1, respectively) sequences or reference
sequences as listed in Table 1. Minor groove binding probes were labeled
with the fluorescent reporter dye 6-carboxyfluorescein to directly detect
PCR products. Real-time PCR amplification and detection were performed
in MicroAmp optical 96-well reaction plates using the ABI PRISM 7700
sequence detection system (Applied Biosystems). Amplification conditions
included holding for 10 min at 95 C, 40 thermal cycles of denaturing for 15
sec at 95 C, and annealing/extending for 1 min at 60 C. Relative fold
induction levels were calculated using the comparative threshold cycle
method for separate tube amplification. GAPDH gene expression served as
an endogenous control.

Immunoblotting

Conditioned media were concentrated 75-fold with Amicon Ultra-15
10-kDa centrifugal filters (Millipore Corp., Billercia, MA). Equal vol-
umes of concentrated media were denatured in Laemmli sample buffer
at 95 C for 5 min. Proteins were separated by SDS-PAGE (10% acryl-
amide) and transferred onto 0.45-�m pore size Protran nitrocellulose
membranes (Schleicher & Schuell, Keene, NH) overnight at 4 C. The
membranes were incubated in Tris-buffered saline containing 0.1%
Tween 20 with 5% nonfat dry milk for 2 h at 25 C to block nonspecific
binding. Antibodies were purchased from R&D Systems, Inc. (MMP-1
MAB901, MMP-3 MAB905, and EMMPRIN AF972) or Calbiochem
(MMP-2 IM33L). Membranes were incubated with 0.1–1 �g/ml specific
antibody in Tris-buffered saline containing 0.1% Tween 20 containing

TABLE 1. Sequences of primer sets and probes used for TaqMan PCR.

Gene Reference sequence Forward primer Reverse primer Probe

MMP-1 CCTCGCTGGGAGCAAACA TTGGCAAATCTGGCGTGTAAT ATCTGACCTACAGGATTG
MMP-2 CCCTCGCTGGGAGCAAA CTTGGCAAATCTGGCGTGTAAT ATCTGACCTACAGGATTGA
MMP-3 TGAACCTTGTTCAGAAATATCTAGA
EMMPRIN GGGGCTGCCGGCACAGTCTTCACT
GAPDH GGGCGCCTGGTCACCAGGGCTGCTT
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2.5% nonfat dry milk for 90 min at 25 C and then washed five times to
remove unbound antibody. Membranes were incubated with a 1:15,000
dilution of antimouse IgG-HRP in Tris-buffered saline containing 0.1%
Tween 20 with 2.5% nonfat dry milk for 45 min at 25 C. Antibodies were
detected using the Super Signal chemiluminescence system (Pierce
Chemical Co., Rockford, IL). Unstained protein molecular weight mark-
ers were used as standards (Bio-Rad Laboratories, Hercules, CA) and
detected with Ponceau staining. Densitometry was performed on Kodak
ID 3.5 software (Eastman Kodak Co., Rochester, NY), and net intensity
was recorded as the number of pixels of band minus background.

Immunohistochemistry

Human uterine tissues were fixed in either 10% neutral buffered
formalin or 1X Histochoice (Amresco, Solon, OH) and embedded into
paraffin blocks. Tissue blocks were sectioned at 5 �m and mounted on
poly-l-lysine-coated slides. Antigen retrieval was performed by boiling
sections in 10 mm citrate buffer (pH 6.0) for 10 min, and endogenous
peroxidase activity was quenched with methanol containing 0.3% hy-
drogen peroxide for 15 min. Nonspecific binding was blocked with 5%
normal rabbit serum in PBS containing 1% BSA for 20 min. Slides were
then incubated with 2 �g/ml goat polyclonal antibody against recom-
binant human EMMPRIN (R&D Systems, Inc.) in 1% BSA in PBS at 4 C
overnight. Nonspecific goat IgG (2 �g/ml) in 1% BSA in PBS served as
a negative control. Slides were washed, then incubated with biotinylated
rabbit antigoat IgG (Vector Laboratories, Inc., Burlingame, CA) diluted
1:100 with 1% BSA in PBS for 60 min at room temperature. Detection of
EMMPRIN was performed by incubation of sections for 45 min with
avidin-biotinylated peroxidase complex, reacted with 0.2 mg/ml metal-
3,3�-diaminobenzidine (Sigma-Aldrich Corp., St. Louis, MO) in Tris-HCl
buffer (pH 7.6), then counterstained with hematoxylin.

Statistical analysis

An ANOVA model to evaluate experimental variability was used to
determine differences in treatments. The difference between the thresh-
old cycle of target gene and GAPDH was used to determine statistical
significance. Threshold cycle was defined as the cycle number at which
all transcripts are in the linear phase of amplification. The difference
between target and GAPDH was then normalized for control treatment
expression and expressed as the relative fold difference. The statistical
significance between treatments is indicated by different letters above
treatments. Tables 2 and 3 show the average change in threshold cycles
and se values of each treatment for all genes.

Results
EMMPRIN protein localization and expression in eutopic
human endometrium

EMMPRIN protein localization followed a cyclical pattern
throughout the menstrual cycle and was quite different for
epithelial cells compared with the fibroblast cells. During the
menstrual phase, EMMPRIN protein expression was quite
strong in fibroblasts, but little immunoreactivity was evident
in glandular epithelial cells (Fig. 1B). During the proliferative
phase, EMMPRIN protein was strongly expressed in epithe-
lial cells (Fig. 1, C and D), whereas expression in uterine
fibroblast cells was more stratified, with only the fibroblast
cells near the lumen showing positive immunoreactivity.
During the secretory phase of the cycle, EMMPRIN expression
became progressively stronger and more widespread in fibro-
blasts, but became weaker and spotted in glandular and lumi-
nal epithelial cells (Fig. 1, E–G). Thus, EMMPRIN protein ex-
pression in epithelial cells was highest during the proliferative
phase when estradiol levels were elevated, but was down-
regulated throughout the secretory phase when progesterone
levels were high, and epithelial cells lose their expression of
both progesterone (PR) and estrogen (ER) receptors. In contrast,

the fibroblasts located closer to the uterine lumen showed in-
creased EMMPRIN immunoreactivity in the early and midse-
cretory phases of the cycle at the time of high progesterone
levels and high PR expression. During the late secretory and
menstrual phases, when progesterone levels declined, the en-
tire stroma showed immunostaining for EMMPRIN.

Quantitative expression of EMMPRIN mRNA in
cycling endometrium

Endometrial mRNA samples were collected from four
stages of the menstrual cycle, proliferative (cycle d 7–14),
early secretory (cycle d 14–19), midsecretory (cycle d 20–23),
and late secretory (cycle d 24–27). EMMPRIN expression was
normalized to GAPDH and calibrated to late secretory stage
mRNA levels. EMMPRIN expression was significantly
higher in the proliferative phase (1.9-fold; P � 0.05) than in
any of the secretory phases of the cycle (Fig. 2 and Table 2).
The midsecretory phase group had significantly higher ex-
pression of EMMPRIN mRNA (P � 0.05) than either the early
or late secretory stage (Fig. 2 and Table 2). The profile of

FIG. 1. EMMPRIN protein localization in cycling human eutopic uter-
ine endometrium. Tissue sections were probed with human anti-
EMMPRIN antibody or nonspecific IgG. The stages of the menstrual
cycle shown are: A, early menses; control, nonspecific IgG; B–G, probed
with anti-EMMPRIN antibody; B, early menses (inset, �40); C, early
proliferative (inset, �40); D, midproliferative (�20); E, early secretory
(inset luminal epithelium, �40); F, midsecretory; and G, late secretory
(inset luminal epithelium; �40). Unless noted, all pictures were taken at
�20 magnification. Arrowheads denote EMMPRIN localization to lu-
minal epithelial cells. s, Stroma; l, uterine lumen; g, gland.
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EMMPRIN gene expression indicates that EMMPRIN
mRNA levels were positively correlated with estrogen and
ER expression throughout the menstrual cycle.

EMMPRIN stimulates MMP-1, 2, and -3 and EMMPRIN
gene expression and protein secretion in HUF cells

To determine whether EMMPRIN regulates the expression
of MMPs in the uterine endometrium, we treated HUF cells
with purified native EMMPRIN. IL-1�, a well-known stim-
ulator of MMP production by fibroblast cells, was used as a
positive control. We found that EMMPRIN stimulation of
MMP-1 and -2 mRNA levels in HUF cells was comparable to
that observed for IL-1� treatment after 24 h. EMMPRIN
stimulated MMP-1 mRNA levels 5.2-fold (0.5 �g/ml) and
2.46-fold (1 �g/ml), whereas IL-1� stimulated MMP-1
mRNA levels 5.6-fold over control levels. EMMPRIN also
stimulated MMP-2 mRNA levels by 8.55-fold (0.5 �g/ml)
and 4.68-fold (1 �g/ml), whereas IL-1� stimulated MMP-2
mRNA 8.23-fold over control levels (Fig. 3A and Table 3).
Treatment with EMMPRIN did not increase MMP-3 mRNA

FIG. 2. Changes in EMMPRIN mRNA levels in uterine endometrium
throughout the menstrual cycle. Biopsies of eutopic endometrium
from throughout the menstrual cycle were analyzed by real-time PCR
for EMMPRIN mRNA expression. EMMPRIN mRNA levels were
normalized to GAPDH and calibrated to the late secretory stage to
determine relative expression levels. Bar A indicates significant dif-
ferences between proliferative and secretory stages, bar B indicates
significant differences between mid- and late secretory stages, and
bar C indicates significant differences between early and late secre-
tory stages (n � 4 for each cycle stage; P � 0.05).

TABLE 2. Average change in cycle threshold (Avg �Ct) and SE
values of EMMPRIN mRNA levels for normal cycling endometrium

Stage of cycle
EMMPRIN

Avg �Ct SE

Proliferative �0.271 0.196
Early secretory 0.106 0.108
Midsecretory �0.121 0.171
Late secretory 0.685 0.202

FIG. 3. Changes in MMP-1, -2, and -3 and EMMPRIN mRNA levels
in response to treatment with EMMPRIN or IL-1�. RNA was collected
after treatment of HUF cells with either IL-1� or EMMPRIN at the
indicated concentrations for 24 h. Fold changes in mRNA levels were
quantitated by TaqMan PCR normalized to GAPDH and calibrated to
control levels. A, Changes in MMP-1 and -2 mRNA levels; B, changes
in MMP-3 mRNA levels; C, changes in EMMPRIN mRNA levels (n �
3; P � 0.05). Statistical significance was calculated from normalized
data and is indicated by different letters above treatments.
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levels, whereas IL-1� caused a 75-fold increase in MMP-3
mRNA (Fig. 3B and Table 3). Treatment with IL-1� had no
effect on EMMPRIN mRNA levels, whereas treatment with
EMMPRIN (1 �g/ml) caused a 1.6-fold increase in endoge-
nous EMMPRIN mRNA levels (Fig. 3C and Table 3).

Immunoblot analysis of HUF cell-conditioned medium
showed that both EMMPRIN and IL-1� increased MMP-1, -2,
and -3 protein secretion after 24 h of treatment (Fig. 4).
Neither EMMPRIN nor IL-1� stimulated EMMPRIN protein
secretion (data not shown). Expanded time-course studies

were not performed due to the limited amount of purified
native EMMPRIN available.

EMMPRIN protein localization and mRNA expression in
endometriotic lesions

Endometriotic lesions were analyzed for the expression of
EMMPRIN mRNA and protein. Examination of histological
sections from several lesions showed that EMMPRIN protein
expression was highly localized to the basal side of uterine
glandular epithelial cells and also to uterine fibroblast cells
within the endometriotic lesions (Fig. 5, A, c–e). Immuno-
staining of lesions that contained peritoneal mesothelium
revealed that the mesothelial cells also showed strong
EMMPRIN protein expression (Fig. 5 A, f, note arrowhead).

Real-time PCR analysis of matched eutopic and endo-
metriotic lesions confirmed that EMMPRIN mRNA levels
were elevated in ectopic lesions collected during the follic-
ular, early, mid-, and late secretory phases of the cycle in four
of five patients compared with eutopic EMMPRIN mRNA
levels (Fig. 5B). All samples were normalized to control pa-
tients at the same stage of the cycle.

Discussion

Menstruation is a process unique to women and some
primates. The cyclic breakdown and subsequent regrowth of
the endometrial layer of the uterus throughout each men-
strual cycle are critical for maintenance of a functional en-
dometrium. This extensive remodeling of the uterine lining
requires precise regulation and activation of MMPs. A num-
ber of MMPs are expressed by fibroblasts of the endome-
trium, including MMP-1, -2, -3, -9, -10, and -11 (2, 27, 28). The
results of our present studies confirm that EMMPRIN, a
glycosylated transmembrane protein, is expressed by both
uterine epithelial and fibroblast cells. Our results also show
that EMMPRIN regulates the production of MMP-1, -2, and
-3 by uterine fibroblast cells. In addition, we are the first to
show that EMMPRIN is expressed not only by uterine cells
of eutopic endometrium, but also by uterine cells and peri-
toneal mesothelial cells in endometriotic lesions.

Immunohistochemical analysis of EMMPRIN protein ex-
pression showed that uterine epithelial cells and fibroblasts
display significantly different patterns of expression
throughout the menstrual cycle. EMMPRIN protein expres-
sion in uterine epithelial cells was strongest during the pro-
liferative phase, when ER and PR are maximally expressed
in these cells (29, 30). EMMPRIN expression then decreased
in epithelial cells during the secretory and menstrual phases
in parallel with a loss of ER and PR expression. The expres-

TABLE 3. Average change in cycle threshold (Avg �Ct) and SE values for MMP-1, MMP-2, MMP-3, and EMMPRIN mRNA levels for each
treatment

Treatment
MMP-1 MMP-2 MMP-3 EMMPRIN

Avg �Ct SE Avg �Ct SE Avg �Ct SE Avg �Ct SE

Control EMMPRIN 7.533 0.064 7.571 0.135 6.710 0.087 1.057 0.103
0.5 �g/ml EMMPRIN 6.657 0.318 7.273 0.206 6.623 0.163 0.817 0.083
1 �g/ml EMMPRIN 7.063 0.369 7.737 0.223 6.727 0.099 0.293 0.076
Control IL-1� 8.524 0.816 9.294 1.074 9.16 0.877 0.698 1.054
10 ng/ml IL-1� 6.045 0.889 6.420 1.172 2.918 0.763 0.704 0.968

FIG. 4. Changes in MMP-1, -2, and-3 protein secretion in response to
EMMPRIN or IL-1�. A, Immunoblots of conditioned medium samples
collected from treated HUF cells. Membranes were probed with spe-
cific antibodies and detected with appropriate secondary antibodies.
Lane 1, Control IL-1�; lane 2, 10 ng/ml IL-1�; lane 3, control
EMMPRIN; lane 4, 0.5 �g/ml EMMPRIN; lane 5, 1 �g/ml EMMPRIN
(n � 3). Treatments of cells with IL-1� and EMMPRIN were con-
ducted in separate experiments; therefore, two sets of untreated con-
trol cells are shown. B, Densitometric analysis of immunoblots was
normalized to the values for untreated control medium samples. Bars
indicate the SE of treatments.

2362 J Clin Endocrinol Metab, June 2006, 91(6):2358–2365 Braundmeier et al. • EMMPRIN Regulation in Endometrium

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/91/6/2358/2843602 by guest on 28 N
ovem

ber 2022



sion pattern in uterine fibroblast cells was more complicated,
showing a slow spread of EMMPRIN expression from the
luminal toward the basal layers of the endometrium during
the secretory phase. At menstruation, there was a high level
of immunoreactivity for EMMPRIN throughout the entire
stroma. Thus, in contrast to uterine epithelial cells, fibroblasts
show increased expression of EMMPRIN during the secre-
tory phase when progesterone and PR are high. Noguchi et
al. (21) recently reported that progesterone increases the pro-
duction and glycosylation of EMMPRIN in cultured uterine
fibroblast cells. We hypothesize that during menstruation, in
response to the withdrawal of steroid hormone support,
uterine fibroblast cells secrete/release EMMPRIN protein
into the surrounding extracellular areas, and this contributes
to the increase in MMP proteins in the endometrium that is
seen at this time of the cycle.

The results of our immunostaining studies differ from
those reported by Noguchi et al. (21). These investigators
reported that there was no immunoreactivity for EMMPRIN
in luminal epithelial cells at any time throughout the men-
strual cycle. In contrast, we observed expression of
EMMPRIN in some, but not all, luminal epithelial cells at
various stages of the menstrual cycle, including the secretory
phase. EMMPRIN was localized primarily to the lateral cell
membranes of luminal epithelial cells, whereas it was usually
more basolateral in glandular epithelial cells. Noguchi et al.
(21) also reported weaker immunoreactivity in fibroblast
cells during the secretory phase than what we observed in
our own studies. They did not examine the expression of
EMMPRIN protein during the menstrual phase of the cycle.
The differences in our results may be due to the use of
antibodies of differing sensitivities and would also be de-
pendent on the accuracy of dating of the endometrial sam-
ples used in our respective analyses. EMMPRIN gene ex-
pression followed a pattern similar to that of protein
expression during the menstrual cycle. The levels of
EMMPRIN mRNA were highest during the proliferative
phase of the cycle when the immunoreactivity in glandular
epithelium was strongest, and some areas of the stroma also
showed protein expression.

Immunohistochemical analysis of endometriotic lesions
showed that both uterine cells and peritoneal mesothelial
cells in these lesions express EMMPRIN protein and mRNA.
The expression of EMMPRIN by ectopic endometrium could
be involved in stimulating MMP production at the site of
invasion into the peritoneal wall or on the surface of the
ovary. Moreover, EMMPRIN may serve an additional im-
portant function during the initial establishment of these
lesions. EMMPRIN is known to bind to itself through ho-
mophilic interactions and is thought to serve as an attach-
ment molecule (18). The fact that both ectopic endometrium
and peritoneal mesothelial cells express EMMPRIN suggests
that EMMPRIN may aid in the initial attachment of endo-
metrial cells to the peritoneal mesothelium via homophilic
interactions. Both of these functions of EMMPRIN allow for
the establishment of endometriotic lesions.

Primary cultures of human uterine fibroblast cells were
used to examine the effects of purified native EMMPRIN on
MMP-1, -2, and-3 production. IL-1� treatment was used as
a positive control to compare the effectiveness of EMMPRIN

FIG. 5. EMMPRIN protein and mRNA expression in ectopic human
endometrium (endometriotic lesions). A, Representative immunohis-
tochemical analysis of EMMPRIN protein localization in lesions from
three patients. Patient 1, a, Control, nonspecific IgG; c, anti-
EMMPRIN antibody; patient 2, b, control, nonspecific IgG; d, anti-
EMMPRIN antibody; e and f, patient 3, anti-EMMPRIN antibody.
The arrowhead denotes EMMPRIN expression in peritoneal mesothe-
lial cells. Magnification of photos: a and c, �20; b and d, �40; e, �20;
and f, �40. ms, Mesothelial stroma; ge, uterine glandular epithelium;
us, uterine stroma. B, Real-time PCR analysis of matched eutopic and
ectopic endometria for EMMPRIN mRNA levels. Samples were nor-
malized to endogenous control GAPDH mRNA levels and calibrated
to eutopic endometrium of disease-free controls at the same stage of
the menstrual cycle. The experimental unit is indicated above each
sample.
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stimulation of MMPs to a known MMP stimulator. Our re-
sults showed that EMMPRIN increased MMP-1 and -2
mRNA levels and protein secretion by 5- to 8-fold. A similar
level of stimulation was seen with IL-1�. The effects of
EMMPRIN and IL-1� on MMP-3 production were somewhat
different. EMMPRIN had no effect on MMP-3 mRNA levels
and increased MMP-3 protein secretion by approximately
3-fold at the 0.5 �g/ml concentration. In contrast, IL-1� treat-
ment resulted in a 70-fold increase in MMP-3 mRNA levels
and a 12-fold increase in MMP-3 protein levels in conditioned
medium. Throughout these experiments, we observed that
the 0.5 �g/ml concentration of EMMPRIN was somewhat
more effective than the 1.0 �g/ml concentration. However,
a broader dose-response curve was not performed due to the
very limited amount of protein available. The concentrations
of native, purified EMMPRIN we used are similar to those
used in other studies to assess its effects on MMP production
by cancer cells and fibroblasts (31). IL-1� had no effect on
EMMPRIN mRNA levels in uterine fibroblast cells and did
not stimulate the secretion of EMMPRIN into the culture
medium. EMMPRIN caused a modest 1.6-fold increase in
EMMPRIN mRNA levels in fibroblasts, but did not increase
the secretion of EMMPRIN protein into the medium. This
result is consistent with the finding that lung fibroblasts had
increased EMMPRIN gene and protein expression after treat-
ment with a soluble recombinant form of EMMPRIN (32). In
this study, cells were treated with a higher concentration (5
�g/ml) of EMMPRIN and showed a 4.5-fold increase com-
pared with the 1.6-fold increase we observed with 0.5 �g/ml
native purified EMMPRIN.

The signaling pathway used by EMMPRIN to stimulate
MMPs is poorly understood. Previous studies reported that
EMMPRIN stimulates MMP-1 or -2 production by fibroblasts
using the p38 MAPK pathway (31), but stimulates MMP
production by breast cancer cells using the phospholipase A2

and 5-lipoxgenase pathways (19). Another potential signal-
ing pathway may involve ErbB2. Recent studies by Toole and
colleagues (33, 34) reported that EMMPRIN stimulates hya-
luronan production by colon carcinoma and mammary car-
cinoma cells. Hyaluronan binds to CD44 on the surface of
these cells, and this interaction leads to elevated ErbB2 phos-
phorylation. A receptor for EMMPRIN has not yet been iden-
tified, although it is known that EMMPRIN can activate
MMP production through homophilic binding (18). The re-
sults of our studies confirm a role for EMMPRIN in the
uterine endometrial remodeling that occurs during the men-
strual cycle and suggest that EMMPRIN may be involved in
the development of endometriosis. Additional studies to
identify the specific signaling pathway of EMMPRIN will be
critical to understanding how EMMPRIN regulates MMP
production and secretion in both eutopic and ectopic human
uterine endometria.
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