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Endometrium from Women with Endometriosis Expresses Decreased Levels of
Plasminogen Activator Inhibitor-1 and Tissue Inhibitor of
Metalloproteinase-3 Compared to Normal Endometrium

Hye-Won Chung
Department of Obstetrics and Gynecology, Ewha W omans University, College of Medicine. Seoul, Korea 158-070
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ABSTRACT : The pathogenesis of endometriosis is unknown, but retrograde menstruation is widely accepted as an etiology.
Refluxed endometrium from endometriosis patients is more prone to implant and invade peritoneum possibly through the action of
extracellular proteolysis. This proteolytic action may involve plasminogen activators and the collagenase system. Plasminogen
activators (PAs) and matrix metalloproteinases (MMPs) play a critical role in the breakdown of extracellular matrix components and
basement membrane in the processes of implantation and tumor invasion. PAs are inhibited by plasminogen activator inhibitor (PAT)
and MMPs activity is inhibited by tissue inhibitor of metalloproteinase (TIMP). To test the hypothesis that lower expression of
PAI-1 and TIMP-3 in endometrium from women with endometriosis, we investigated their PAI-1 and TIMP-3 expression by quanti-
tative competitive RT PCR in endometrium from women with and without endometriosis. Endometrial tissues were obtained from
14 patients with severe endometriosis and 14 patients without endometriosis. Total RNA was extracted and reverse transcribed into
cDNA, and quantitative competitive PCR (QC PCR) was performed to evaluate PAI-1 and TIMP-3 mRNA expression. Endo-
metrium from patients with endometriosis showed decreased expression of PAI-1 and TIMP-3 mRNA compared to endometrium
from control in luteal phase (p<0.05). Our results suggest that endometrium from women with endometriosis expresses lower levels
of PAI-1 and TIMP-3 than endometrium from normal women. Endometrium from endometriosis patients may be more invasive and
prone to peritoneal implantation than control because of higher PA and MMP enzymatic activity. Thus, increased proteolytic ac-
tivity may be one of the reasons for the invasive properties of the endometrium resulting in the development of endometriosis.

Key words : PAI-1, TIMP-3, Endometrium, Endometriosis, Quantitative Competitive PCR.
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grade menstruation which postulates reflux of shed

INTRODUCTION endometrial tissue through the tube with implantation on

the peritoneal surface is widely accepted (Sampson, 1927).

Endometriosis is a common benign gynecologic disorder. After implantation, this endometrium invades the surround-
The pathogenesis is controversial, but the theory of retro- ing tissue with corresponding cell proliferation and
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neoangiogenesis. Although retrograde mentsruation is phy-
siologic, such menstrual debris does not result in endomet-
riosis in all women. Recently the volume and characteristics
of menstrual debris in women with endometriosis have been
examined; menorrhagia or hypotonus of the uterotubal
junction resulted in more retrograde menstrual flow than
normal (Arumugam and Lim, 1997). In addition to greater
debris

endometriosis may be more prone to implant and invade

volume, refluxed menstrual in women with
peritoneum or ovary through the action of extracellular
proteolysis. This inherent proteolytic activity may define an
important role for matrix metalloproteinase (MMPs) and
plasminogen activators.

The MMP family is a group of structurally related
proteins, which degrade extracellular matrix (ECM) and
basement membrane (BM) components (Hulboy et al.,
1997). They are produced as proenzymes and secreted into
the ECM, where they are activated through proteolytic
cleavage by other MMPs or plasmin. MMPs also play an
essential and causal role in the progression of human neo-
plasm and embryo implantation (Behrendtsen et al., 1992).
Degradation of matrix proteins is an important step that
allows tumor cells to penetrate the EC, to intravasate into
blood vessels, and to extravasate at distant sites (Fishman
et al., 1997; Baricos et al., 1995). Consequently downre-
gulation of MMP activity in tumor cells by exogenously
added MMP inhibitors can inhibit invasion of tumor cells
in vitro and metastasis in vivo (DeClerck et al., 1992;
Khokha, 1992).

In the ECM, the activity of MMPs is tightly regulated by a
family of natural inhibitors known as tissue inhibitors of
metalloproteinase (TIMPs). TIMP-1, TIMP-2, TIMP-3, and
TIMP-4, have been described (Hulboy et al, 1997).
TIMP-3, a novel member of the TIMP family, has been
shown to have inhibitory activity against stromelysin-1,
collagenase-1, and the 92-kDa collagenase (Apte et al.,
1996). Both TIMP-1 and TIMP-3 have demonstrated in-
hibitory activity against the 72- and 92-kDa type IV
collagenase. Each MMP can be inhibited by a specific
TIMP through the formation of 1:1 complexes (Birkedal-
Hansen et al., 1993).

The fibrinolytic system is associated with fibrin removal,
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the coagulation cascade, tissue remodeling, tumor invasion,
ovulation, and embryo implantation (Loskutoff et al., 1989;
Ny et al, 1994). The proenzyme plasminogen is transfor-
med into the highly potent plasmin by activating enzymes,
tissue plasminogen activator (tPA) and urokinase plasmin-
ogen activator (UPA). While the activation by tPA is im-
portant for fibrinolysis, uPA triggers localized pericellular
proteolysis of ECM. The activity of the plasminogen
activators is regulated by specific plasminogen activator
inhibitors (PAIs). Type-1 plasminogen activator inhibitor
(PAI-1), a 50-kD glycoprotein, is the major physiological
inhibitor of both tPA and uPA and plays an important role
in determining net fibrinolytic activity in vivo (Booth,
1994). The inappropriate expression of PAI-1 may suppress
the normal fibrinolytic activity of the tissues and result in
pathological fibrin deposition (Loskutoff et al., 1991).

Chain
(RT-PCR) can be used to analyze very low abundance

Reverse  Transcription-Polymerase Reaction
mRNAs derived from cells with great sensitivity. Quantitat-
ive analysis of mRNA can be achieved by a modification
known as quantitative competitive PCR (QC-PCR; Jin et
al., 1994; Wang et al., 1989), in which an internal control of
specific base sequence is amplified simultaneously with a
target sample to give a quantitative measure of mRNA
level. In the study reported here, we determined both PAI-1
and TIMP-3 mRNA expression in endometrium from
women with and without endometriosis by QC-PCR. We
tested our hypothesis that tissue from women with
endometriosis would express a lower TIMP-3 and PAI-1

mRNA consistent with increased invasiveness.

MATERIALS AND METHODS

1. Tissue Collection

Endometrial samples were obtained from 28 premeno-
pausal women aged 29~45 yr, undergoing laparoscopic
surgery, or hysterectomy for various non-malignant lesions.
Patients with pelvic inflammatory disease and dysfunctional
uterine bleeding were excluded. Samples from 14 patients
with severe endometriosis, diagnosed by both pathology
to the
American Fertility Society classification of endometriosis

and laparoscopic findings according revised
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(American Fertility Society, 1985) and samples from 14
patients without endometriosis, also confirmed by laparos-
copic surgery were used in the study. Endometrial samples
were taken using a curette in the operating room before the
laparoscopic procedure; in patients undergoing hyster-
ectomy, the uterine cavity was opened and endometrium
obtained immediately after the specimen was removed.
- Endometriosis tissue was obtained during laparoscopic
endometrial cyst enucleation from ovarian tissue. Tissue
was fixed and sent to the Pathology Department for histo-
logical endometrial dating and confirmation of the
endometriosis. Tissue samples were classified by collection
and histological dating according to the method of Noyes
(Noyes et al ., 1950) into two groups: proliferative phase
(n=14), luteal phase (n=14). The tissue was washed in PBS
solution in order to remove contaminating blood and was

directly processed for RNA extraction.

2. RNA Extraction
" The extraction of RNA from the tissue sample was car-
ried out with the RNA-STAT-60 reagent (Tel-Test “B”
Inc.). Briefly, tissue samples were washed three times in
PBS (Gibco BRL) to remove blood contamination. One
hundred milligrams of tissue were homogenized in 1 ml of
RNA-STAT-60 reagent. Total RNA was separated from
DNA and proteins by adding chloroform and was
precipitated using isopropanol. The precipitate was washed
two times in 75% ethanol, air-dried and re-diluted in
diethylpyrocarbonate (DEPC)-treated dH20. Amount and
purity of extracted RNA was quantitated by spectroph-
otometry in a GenQuant RNA/DNA calculator (Pharmacia
Biotech Ltd) and 10~100 ug of total RNA was routinely

obtained.

3. Primers for Reverse Transcription (RT) and PCR

Specific sequences of oligonucleotide primers for
detecting ectopic and eutopic endometrium for TIMP-3
(Byrne et al., 1995) and PAI-1 (Ginsberg et al., 1986) were
obtained from Gene Bank Database of the National Center
for Biotechnology Information (NCBI) of the National
Institutes of Health (NIH, Internet address: http://www.2.

ncbi.nlm.nih. gov/cgi-bin/genbank). One corresponding set
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of primers for TIMP-3 and PAI-1 was found with the help
of the program OLIGO 5.0 Primer Analysis Software
(National Bioscience, Plymouth, MN) and synthesized. The
human B-actin primers that were used to amplify an exter-
nal standard were obtained from Clontech Laboratories
Inc., Palo Alto, CA. B-actin mRNA expression was
employed as an external positive control, being detected in
all the samples studied, confirming the integrity of the
RNA and the RT-PCR process. The primer sequences,
locations on the mRNA, and sizes of the amplified
fragments are listed in Table 1.

4. RT

For RT-PCR, the Gen Amp RNA PCR kit (Perkin-
Elmer) was used. Nineteen microliters of RT-mastermix for
each sample were prepared containing 5 mmol/L. MgCl,, 1X
PCR buffer II, 1 mmol/L of each deoxy-NTP, 2.5 ul/L
oligo (deoxythymidine),, 20 IU ribonuclease inhibitor
(Perkin-Elmer), and 100[U Moloney murine leukemia virus
reverse transcriptase (Gibco BRL), and 1pg total RNA
diluted in 1 pl DEPC-treated dH,O and filled into 0.5-ml
thin wall PCR tube (Applied Scientific). RT-MasterMix in
PCR-tubes was covered with 50 ul of light white mineral oil
(Sigma) and kept on ice until the RT. RT was carried out
in the DNA Thermal Cycler 480 (Perkin-Elmer) using a
program with the following parameters: 42, 15 min; 99,
5 min; then quenched at 4C. After the reaction was
completed, samples were stored at —20%C until the PCR.
As negative control, 1ul DEPC-treated dH,O without RNA
sample was subjected to the same RT reaction.

5. Construction of the Competitive- and Target-cDNA
Fragment for TIMP-3 and PAI-1

A 969 base pair (bp) and 1458 bp fragment of native
TIMP-3 and PAI-1 ¢cDNA respectively (the target) were
obtained by PCR amplification of reverse-transcribed total
RNA from endometrial biopsies with the regular 5" and 3’
primers (Table 1). The PCR product was visualized by
agarose gel elecrophoresis stained with ethidium bromide
(EtBr), and the cDNA was extracted from the gel, purified
with an agarose gel extraction kit (Amersham Pharmacia

Biotech), quantitated by spectrophotometry (Pharmacia
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Table 1. Oligonucleotide primers for eutopic and ectopic endometrium mRNA amplification
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Size(bp) Position on mRNA

mRNA Primers 5'-3'

TIMP-3 Upstream (5-end) TGC CAG AAA GAA TGA GGA ACC 969  1167-1187
Downstream (3-end) AGA GAG GGT GCT GAC GGT GTT 2135-2115
Competitor AGA GAG GGT GCT GAC GGT GTT CAG ACT CAG GAACAT 464  2135-2115, 1609-1595

PAI-1 Upstream (5-end) GGA TGA GAT CAG CAC CAC AG 1458 408-427
Downstream (3-end) ATG GGG GAC ATT CAC TCT G 1865-1847

Competitor ATG GGG GAC ATT CAC TCT GAG GAG AGG CCA AGGT 1067 1865-1847, 1455-1441
Tissue Inhibitor of Metalloproteinase-3 . . .
A B Plasminogen Activator Inhibitor -1
464bp
1067
Internal Standard cDNA Toternal Standard cDNA
S'end —> * S'end —» ’

4— 3'end (competitor)
TGC CAG AAA GAA TGA GGA ACC
ATG TTC CTG AGT CTG AAC ACC GTC AGC ACC CTC TCT

1167 1609 2135

TGC CAG AAA GAA TGA GGA ACC
AACACC GTCAGC ACCCTCTCT

\

969bp
Target cDNA

S5'¢nd ——» <4— 3’end

4——3"end (competitor)
GGA TGA GAT CAG CAC CAC AG "

ACCTTG GCCTCT CCT TCA GAG TGA ATGTCCCCA T

GGA TGA GAT CAG CACCAC AG CAGAGTGAATGTCCCCCAT
5end —» 4 3'end
1458bp
Target ¢DNA

Fig. 1. A representative schematic illustration of construction of internal standard cDNA for TIMP-3(A), and PAI-1(B).

Biotech). To construct a competitive cDNA fragment: a
floating primer with a sequence complementary to the
cDNA between the 3" and 5° primer binding sites was
designed by attaching the complementary sequence of the
binding site with the original 3’- primer (Fig. 1). After PCR
with the regular 5"-primer and the 3’-floating primer, the
PCR product was visualized by agarose gel electrophoresis
stained with EtBr. cDNA extraction, purification and deter-
mination of the concentration were performed as described
above. This step resulted in cDNA fragment of 464 bp and
1067 bp with 505 bp and 391 bp deletion compared to the
target cDNA and with the 3end and 5'-end primer bind-

ing sites on its ends.

6. Standard-Curve and Competitive PCR for TIMP-3 and
PAI-1

The standard curve for MMP-9 and TIMP-3 was
constructed by a co-amplification of a constant amount of
competitive cDNA (each 1.25 fmol and 0.5 fmol) with de-
clining amounts of target cDNA obtained by serial dilution.

" The amounts of target and competitive cDNA added to

each PCR for TIMP-3 and PAI-1 are shown in Figure 2.
Sixty microliters of the cDNA mix was added to 40 ul
PCR-mastermix containing 1.9 mM MgCl, solution, 10X
PCR buffer II, 0.2 mM each dNTP, 2.5 U Tag-polymerase
(Perkin-Elmer), corresponding paired primers in a concen-
tration of 0.2 umol/L of each primer to a total volume of
100 pl and 14.5 pl DEPC-treated dH.O. The reaction mix-
ture was covered with 50 pl light white mineral oil and put
in the Perkin-Elmer DNA Thermal Cycler 480. PCR cycles
were composed of 1 cycle of 95C for 5 min to denature all
proteins, 30 cycles of 45s at 94°C, 45s at 55°C, and 60s at
72°C. The reaction was terminated at 72°C for 5 min and
was quenched at 4°C.

Two percent agarose gel (Life Technologies) electro-
phoresis was carried out in HS5 electrophoresis chamber
with 100bp ladder DNA. Gels were stained with ethidium
bromide (Sigma). Aliquots (25uL) of each PCR product
and dye buffer were analyzed in parallel with a 100-bp
DNA ladder (Life Technologies) as a standard. After com-



Dev. Reprod. Vol. 3, No. 1 (1999)

A Amount of Target-cDNA added to
different PCRs [fmol]

L 64 32 8 4 2 1 05025 0.125
969 bp

<«
€ 4eanp

R-square = 0.995
y=0.6009x-0.8476

10 15 20 25 30 35

Log (target/competitor [counts x mm?})

Log (amounts of target ¢ DNA [fmiol] )

TIMP-3 and PAI-1 Expression in Endometrium with Endometriosis 33

B Amount of Target-cDNA added to
different PCRs {fmol]

L 640 320160 80 40 20 10 5 2.5 1.25

1458 bp
1067 bp

R-square = 0.9886
y=0.7838x-0.6458

a20
g8

g

”

2

=

=2

g 10
e

2

=3

@

=%

g

g 00
=

ko

|14

9

o

£

¥ -0
= -5 00 5 10 15 20 25 30

Log (amounts of target ¢ DNA [fimol] )

Fig. 2. Standard curves for TIMP-3 (A) and PAI-1 (B) QC PCR. The upper panels show 2% agarose gels stained with
ethidium bromide. Declining amounts of target cDNA were coamplified with 1.25 fmol and 0.5 fmol of competitive cDNAs. The
lower panels show the standard curves from these gels. The log ratio of target to competitive product density is plotted

against the log amount of target initially added to the PCR.

pletion of electrophoresis, the gel blot was analyzed by UV
densitometry, and photocopies of the blot were printed
(Gel-Doc 1000 system, Bio-Rad Laboratories). The logar-
ithmically transformed ratios of target cDNA to competi-
tive cDNA were plotted against the log amount of initially
added target cDNA in each PCR to obtain the standard
curves shown in Figures 2A & B. The standard curves were
highly reproducible and linear. The values obtained from
the regression line of the standard curve (y=b + mx) al-
lowed us to calculate the amount of ¢cDNA transcripts in
an unknown sample: 1.25 fmol of TIMP-3 and 0.1 fmol of
PAI-1 competitive ¢cDNA were added to each unknown
sample before PCR. The ratio of the densities of sample
target cDNA band (969 bp, 1458 bp) to competitive cDNA
{464 bp, 1067 bp) were logarithmically transformed and
compared to the values obtained from standard curve. QC
PCR was carried out on at least two aliqouts from the RT
¢DNA of each patient, and the results did not differ more
than +5%.

1. PCR for B-Actin

RT ¢DNA of each patient was mixed with 78ul of
PCR-mastermix described above with 3”-, 5~ primer forg
-actin. PCR program parameters were similar. For this

PCR no competitor was added.

8. Data Analysis

Statistical analysis was performed by ANOVA and t-test.
The statistical analysis was carried out using the Statistical
Package for Social Science Statview Package (SPSS Inc.,
Chicago, IL) with a p value <0.05 considered statistically

significant.
RESULTS

1. RT-PCR of endometrium throughout the menstrual
cycle

RT-PCR was employed to increase the sensitivity of de-
tection, and 969 bp sequence of TIMP-3 and the 1458 bp
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Fig. 3. Agarose gel showing the product of PCR ampli-
fication. RT-PCR of total endometrial RNA demonstrates
bands corresponding to TIMP-3(A) and PAI-1(B). L; 100
bp ladder DNA. Lane A; Follicular phase endometrium from
a normal woman, Lane B; Follicular phase endometrium
from an endometriosis patient. Lane C; Luteal phase endo-
metrium from a normal woman, Lane D; Luteal phase endo-
metrium from an endometriosis patient. Lane E; Negative
control.

sequence of PAI-1 mRNA were expressed by all

endometrial samples from women with and without
endometriosis in both the follicular and luteal phases of
menstrual cycle (Fig. 3). B-actin mRNA expression was
ascertained in all the samples studied, thus confirming the
integrity of RNA and the RT-PCR process (data not

shown).

2. TIMP-3 mRNA expression in endometrial tissue from
women with or without endometriosis

The expression of TIMP-3 mRNA was significantly lower
in endometrium from women with endometriosis compared
to endometrium from normal women in the luteal phase
(p<0.05). A similar pattern was seen during follicular
phase although the differences in TIMP-3 mRNA ex-
pression in endometrium from normal and endometriosis

patients did not reach significance (Fig. 4A, B).

3. PAI-1 mRNA expression in endometrial tissue from
women with or without endometriosis

The expression of PAI-]1 mRNA in endometrial samples
from the endometriosis patients throughout the menstrual
cycle was compared to that in control patients. Endo-

metrium from endometriosis patients expressed significantly

) WA B4

(p<0.05) lower PAI-1 mRNA compared to endometrium
from women without endometriosis during the luteal phase.
A similar pattern was seen during follicular phase although
the differences in PAI-1 mRNA expression in endometrium
from normal and endometriosis patients did not reach sig-
nificance (Fig. 5A, B).

DISCUSSION

Endometriosis, a benign gynecologic disorder, occurs in
about 10% of women of reproductive age and in up to
50% of women with infertility. Endometriosis is defined as
the presence of endometrial glandular and stromal cells out-
side their normal location in the uterus. Commonly affected
areas in the abdominopelvic cavity include the ovaries, the
cul-de-sac and other kinds of pelvic peritoneum, bowel and
diaphragm.

The pathogenesis of endometriosis is still controversial,
but the widely accepted theory is the theory of retrograde
menstruation in which the origin of endometriotic tissue is
uterine endometrium. This viable and hormonally sensitive
tissue reaches the peritoneal cavity by tubal reflux and
implants outside of the uterus. However, retrograde men-
struation is common to all menstruating women, and can-
not by itself explain the pathogenesis of endometriosis.

‘Recently, invasive proteolysis has been implicated in the
development of endometriosis; and the invasion indices of
cells from peritoneal endometriosis lesions and a metastatic
carcinoma cell line are similar compared with normal endo-
metrium and non metastatic carcinoma cells (Gaetje et al.,
1995). Gonadotropin releasing hormone agonist (GnRHa)
therapy decreased PA and MMP activities and also incre-
ased PAI and TIMP activities, and this GnRHa-induced
shift to a less invasive phenotype may alter fibrinolysis and
ECM remodeling which resulted in less adhesion formation
in a rat model (Sharpe et al., 1998). Compared to uterine
endometrium, ectopic endometrium has significantly higher
capacity to produce the latent forms (72 kD) of gelatinase
A. This leads to the conclusion that endometriotic implants
express the protease enabling invasion into surrounding tis-
sue (Wenzl and Heinzl, 1998). The MMP-9 may play an in-

tegral role in embryo implantation, placentation, and degra-
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Fig. 4. QC PCR of TIMP-3. (A) QC PCR of TIMP-3 in
total endometrium from women with or without endome-
triosis throughout the menstrual cycle. SC; Standard Cur-
ve. FN; Follicular phase endometrium from normal women,
FS; Follicular phase endometrium from endometriosis pat-
ients. LN; Luteal phase endometrium from normal women,
LS; Luteal phase endometrium from endometriosis patients,
(B) QC-PCR analysis of TIMP-3 mRNA extracted from
total endometrium, Samples were coamplified for 30 cycles
in the presence of a defined amount of internal standard
cDNA for TIMP-3 (1,25 fmol). A typical gel is shown. L;
100 bp ladder DNA. Lane A; Follicular phase endometrium
from a normal woman. Lane B: Follicular phase endo-
metrium from an endometriosis patient. Lane C; Luteal
phase endometrium from a normal woman. Lane D; Luteal
phase endometrium from an endometriosis patient. * p<0.05

dation of the basement membrane (Shiminovitz et al, 1994).
It is inhibited by TIMP-1 and 3 which are originated from
decidual or trophoblast cell. uPA has been strongly

implicated in the progression of several malignancies incfud-
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Fig. 5. QC PCR of PAI-1. {A) QC PCR of PAI-] in total

endometrium from with or without endometriosis through-
out the menstrual cycle. SC; Standard Curve. FN; Follicu-
lar phase endometrium from normal women. FS; Follicular
phase endometrium from endometriosis patients. LN; Luteal
phase endometrium from normal women. LS; Luteal phase
endometrium from endometriosis patients.
(B) QC-PCR analysis of PAI-1 mRNA extracted from total
endometrium. Samples were coamplified for 30 cycles in the
presence of a defined amount of internal standard cDNA for
PAI-1 (0.5fmol). A typical gel is shown. L; 100 bp ladder
DNA. Lane A; Follicular phase endometrium from a normal
woman, Lane B; Follicular phase endometrium from an
endometriosis patient. Lane C; Luteal phase endometrium
from a normal woman, Lane D; Luteal phase endometrium
from an endomietriosis patient, * p<0.05

ing breast and prostate cancers (Yu and Kim, 1997). PAI-1
plays an important role in determining net fibrinolytic ac-
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tivity. There is no attempt to compare PAI-1 and TIMP-3
mRNA expression differences in endometrium from endo-
metriosis patient and control women. In this study, we have
shown that endometrium from women with endometriosis
expresses lower levels of TIMP-3 and PAI-1 expression
when compared with normal endometrium. The results of
this study suggest that endometrium from women with
endometriosis may be inherently more invasive because of
decreased TIMP-3 and PAI-1 mRNA expression allowing
higher MMP and PA proteolytic activity which permits
easy peritoneal invasion after ectopic implantation. Thus,
TIMP-3 and PAI-1 may have crucial roles in the invasive
pathogenesis of endometriosis.

If the origin of endometriosis tissue is the uterine endo-

metrium, then endometrium from endometriosis patients-

may be biologically different from those of normal patients.
In this study, endometrium from women with endometriosis
expressed lower levels of TIMP-3 and PAI-1 mRNA. Thus,
TIMP-3 and PAI-1 may play an important role for
endometriosis pathogenesis and be a critical differentiating
factor responsible for invasiveness.

The MMP family is a group of structurally related
proteins that degrade ECM and BM components (Edwards
et al., 1996). The overexpression of members of the MMP
family results in pathological conditions characterized by
connective tissue destruction, including diseases such as ar-
thritis, periodontitis, and cancer suggesting that tight regu-
lation of MMP genes is critical for normal tissue
homeostasis. The positive correlation between the level of
MMP detected in tumor tissues and the degree of local re-
currence, lymph node metastasis, distant metastasis, and ad-
verse clinical outcome has been documented (Gray et al.,
1993). Thus, MMPs play an important and active part in
the invasive and metastatic behavior of human cancer
(Powell and Matrisian., 1996). In ECM the activity of
MMPs is tightly regulated by a family of natural inhibitors
known as TIMPs. TIMPs, therefore, also play an important
role in maintaining the integrity and substrate specificity of
MMPs. TIMP-3, a novel member of the TIMP family, has
been shown to have inhibitory activity against stromel-
ysin-1, collagenase-1, and the 92-kDa collagenase.

The plasmin/PA cascade is a key component in the tissue
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remodeling that accompanies repair processes. PA converts
plasminogen to plasmin, a potent serine proteinase that
solubilizes fibrin, but can also degrade various basement
-membrane components. There are two types of PAs: tPA
and uPA. These are serine proteinases that cleave the
proenzyme plasminogen into the highly potent serine pro-
tease plasmin. Plasmin is able to dissolve fibrin clots, to di-
gest ECM proteins, and to activate procollagenase. There
are two members of the serine family of inhibitors, the en-
dothelial-type inhibitor PAI-1 and the placental-type inhibi-
tor PAI-2, which bind fo and inactivate both PAs with par-
ticularly high affinity (Loskutoff et al., 1989). PAI-1 is se- -
creted as an active PA inhibitor, but rapidly undergoes a
unique conformational change to its latent form. PAI-1 is a
50-54kDa,
platelet, endothelial cells, and hepatoma cells. PAI-1

acid-stable glycoprotein found in plasma,

appears to be the primary physiologic inhibitor of both PAs
(tissue plasminogen activator and urokinase plasminogen
activator). Stabilization of PAI-1 in its active form, by
binding to circulating vitronectin {Loskutoff et al., 1989)
and to ECM-sequestered vitonectin (Salonen et al., 1989), is
integral to the regulation of fibrinolysis and of proteolysis
of ECM components, respectively.

Due to its extraordinarily high sensitivity, polymerase
chain reaction (PCR) has been used to amplify cDNA cop-
ies of low abundance mRNA (Sarkar and Sommer., 1989).
However, quantitation is unreliable because the amount of
PCR product increases exponentially with each cycle of am-
plification; therefore, minute differences in any of the
variables that affect the efficiency of amplification can dra-
métical]y alter product yield. Rather than analyzing a dif-
ferent reporter gene product (Frye et al, 1989), we
constructed an internal standard with a defined deletion
fragment from the target cDNA, and used the same primers
to coamplify the unknown and the competitor allowing us
to quantify the amount of specific target cDNA available.
In addition, because the efficiency of amplification of the
internal control molecules is identical to that of the target
template, QC PCR can avoid the discrepancies associated
with tube-to-tube or sample-to-sample variations in the
kinetics of the RT reaction (Uberla et al., 1991). For RNA
quantitation Nothemn blot technique is widely used. How-
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ever, the Northern blot technique requires at least 10 ug of
total RNA for semiquantitation. For mRNA localization in
situ hybridization has been widely used, but it lacks enough
quantitative information. Thus, we have investigated
mRNA expression differences between normal and endoe-
mtriosis patient’s endometrium using QC-PCR technology
and quantified the amount of specific target cDNA avail-
able for both TIMP-3 and PAI-1.

Our results suggest that uterine endometrium from
women with endometriosis expresses lower levels of TIMP-3
and PAI-1 than endometrium from normal women, which
may be the critical factor in the initial peritoneal invasion
of endometrial tissue. Thus, increased proteolytic activity
may be one of several reasons for the invasive properties of
the endometrium resulting in the development of
endometriosis. This is the first report on PAI-1 and
TIMP-3 mRNA expression report in diffferences between
endometrium from women with endometriosis and without

endometriosis.
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