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Objective: To investigate the presence and modulation of
growth-regulated «, a member of the chemokine family with
neutrophil chemotactic activity, in the peritoneal fluid of
women with or without endometriosis.

Methods: Peritoneal fluid samples were obtained at lapa-
roscopy from 63 women with endometriosis and 19 fertile
women without endometriosis. Endometrial tissue was ob-
tained from uteri after hysterectomy for reasons other than
endometrial disease or from endometrial biopsies of repro-
ductive-age women. Cellular RNA was extracted and north-
ern blots were hybridized with an oligonucleotide probe
complementary to a specific sequence of growth-regulated a
messenger RNA. Growth-regulated « in peritoneal fluid and
culture supernatant was quantified using enzyme-linked
immunosorbent assay. Statistical analyses were performed
using Kruskal-Wallis and Mann-Whitney tests.

Results: The median (range) concentration of growth-
regulated « in peritoneal fluid samples from 19 normal
fertile women was 27 pg/mL (0-108), from 24 women with
moderate endometriosis 34 pg/mL (8-150), and from seven
with severe endometriosis was 73 pg/mL (10-221) (P = .04, P
= .01, respectively). In the moderate and severe endometri-
osis groups, the levels of growth-regulated o were signifi-
cantly higher in the peritoneal fluid of women with un-
treated endometriosis (73 pg/mL [10-221]) than in women
with medically treated endometriosis (25 pg/mL [8-47]). In
mesothelial and endometrial stromal cells in culture,
growth-regulated « messenger RNA and protein were de-
tectable constitutively; however, both interleukin-le and
tumor necrosis factor-a induced higher levels of growth-
regulated o messenger RNA and protein in a dose- and
time-dependent manner.

Conclusions: Growth-regulated a levels are elevated in
the peritoneal fluid of women with moderate and severe
endometriosis. This chemotactic factor, which acts via the
interleukin-8 receptor, may play a role in the pathogenesis
of endometriosis. (Obstet Gynecol 1996;88:1050-6.
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Endometriosis, one of the most common benign gyne-
cologic conditions, has an estimated prevalence of 10%
among reproductive age women.' Considerable circum-
stantial evidence supports the role of retrograde men-
struation with subsequent endometrial implantation as
an etiologic factor in most cases.” Retrograde menstru-
ation is a nearly universal phenomenon among cycling
women,” but it is not clear why endometrial tissue will
implant and grow in the peritoneal cavity in only a
subgroup of women.

Immunologic dysfunction has been associated with
endometriosis. Peritoneal fluid creates an immunologi-
cally dynamic environment linking the reproductive
and immune systems. The cellular compartment of the
peritoneal fluid is composed mainly of macrophages. In
the peritoneal fluid of endometriotic women, an in-
creased number, concentration, and activation of mac-
rophages has been described.* Secretory products of
macrophages such as interleukin-1 (IL-1),° tumor necro-
sis factor-a (TNF-a),° and growth factors’ are also
found in increased quantities in the peritoneal fluid of
these women.

One study® has shown increased neutrophil chemo-
tactic activity in peritoneal fluid of women with endo-
metriosis. However, the nature and source of this
chemotactic factor remains to be determined. Several
structurally related peptides capable of inducing neu-
trophil chemotaxis have been identified.” Recently, we
identified the presence of interleukin-8 (IL-8), a che-
moattractant cytokine for neutrophils, in the peritoneal
fluid of women with endometriosis."” Another chemo-
tactic factor candidate is growth-regulated o, which is
reported to be ten times more potent than IL-8 as a
neutrophil chemoattractant.!* Growth-regulated a gene
expression has been demonstrated in fibroblasts, endo-
thelial cells, and activated neutrophils and mono-
cytes.”’> Two other subtypes of the growth-regulated
family, growth-regulated B and growth-regulated 7,
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have been found to share 90% and 86% of the nucleotide
sequences with growth-regulated «, respectively.'?

We postulated that growth-regulated o may act as an
important modulator in the pathogenesis of endometri-
osis by attracting and activating neutrophils. We inves-
tigated the presence of growth-regulated « in peritoneal
fluid of women with or without endometriosis and the
possibility of a correlation between the peritoneal fluid
growth-regulated a concentration and the severity of
endometriosis. We then assessed peritoneal, mesothe-
lial, and endometrial cells as potential sources of peri-
toneal fluid growth-regulated a.

Materials and Methods

Tissue Collection

Peritoneal fluid samples were obtained from women
undergoing diagnostic laparoscopy at Yale-New Haven
Hospital between 1993 and 1995. Indications for lapa-
roscopy included evaluation of infertility, pelvic pain,
or elective tubal sterilization. During the study period,
all samples obtained from women with endometriosis
and samples selected randomly from women undergo-
ing laparoscopic tubal ligation were included. Informed
consent was obtained from each woman before surgery
using consent forms and protocols approved by the
human investigation committee of this university. Men-
strual cycle dates were determined from each woman’s
menstrual history and verified in a subset of women by
histologic examination of the endometrium. Women
were classified into five groups, according to anatomic
findings observed during the procedure: normal fertile
women (undergoing laparoscopic tubal ligation, n =
19), and women with minimal (1 = 13), mild (n = 19),
moderate (n = 24), and severe (n = 7) endometriosis as
defined by the revised American Fertility Society clas-
sification.”” All women with appearance of endometri-
osis at diagnostic laparoscopy underwent biopsies that
confirmed the disease. Women undergoing laparo-
scopic tubal ligation with no gross evidence of disease
did not have biopsies. Those with a diagnosis of mod-
erate-to-severe endometriosis (11 = 6), in whom surgical
procedures were performed as an evaluation of con-
tinuing medical treatment for the disease, were also
included. This group was receiving GnRH agonist (Lu-
pron Depot, TAP Pharmaceuticals, North Chicago, IL)
for at least 6 months before surgery.

After insertion of the laparoscope and ancillary tro-
cars, peritoneal fluid was aspirated immediately to
avoid blood contamination. Fluid from the anterior and
posterior cul-de-sacs was collected into a sterile syringe
and transferred immediately to the laboratory, where it
was centrifuged at 600 X g for 10 minutes at 4C to
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remove cells. Aliquots were frozen at —80C until as-
sayed. Cell pellets were resuspended in Hank’s bal-
anced salt solution for mesothelial cell cuiture.

Endometrial tissue was obtained from uteri after
hysterectomy for reasons other than endometrial dis-
ease or from endometrial biopsies of reproductive-age
women. Endometrial tissue was placed in Hank’s bal-
anced salt solution and transported to the laboratory for
separation and culture of endometrial stromal cells and
glandular epithelium.

Isolation and Culture of Human Mesothelial and
Endometrial Cells

Mesothelial cells were isolated and cultured as de-
scribed previously,' plated in culture dishes (10 mm
diameter or 24-well plates) as appropriate for the ex-
perimental design, and allowed to replicate to conflu-
ence before each experiment. Mesothelial cells grew,
forming a homogenous population after three passages,
and containing less than 1% macrophages. All experi-
ments were performed using cells at the third passage.
Experiments commenced 1 to 3 days after confluence
was attained. All experiments were conducted using
serum-free, epidermal growth factor-free media.

Endometrial stromal and epithelial cells were sepa-
rated and maintained in monolayer culture as described
previously.' Stromal cells, after the first passage, were
plated in culture dishes (100-mm diameter or 24-well
plates) as appropriate for the experimental design and
allowed to replicate to confluence. After first passage,
endometrial stromal cells contained up to 7% epithelial
cells, no endothelial cells, and 0.2% macrophages. Ex-
periments commenced 1-3 days after confluence was
attained. Experiments with endometrial glandular cells
were conducted after 4-5 days of primary culture. The
confluent cells were incubated with serum-free media
for 24 hours before initiation of treatment with test
agents.

At the end of each experiment, the culture media
were collected and frozen at —80C for quantification of
growth-regulated a by enzyme-linked immunosorbent
assay (ELISA). Cells were used for RNA isolation or
total protein measurement.

Preparation of Total RNA and Northern Analysis

Total RNA was extracted from cells in culture using
Trizol (Gibco BRL, Grand Island, NY). Total RNA (5 or
10 pg per lane) was size-fractionated by electrophoresis
on 1% formaldehyde-agarose gels, transferred electro-
phoretically to Hybond-N" membrane (Amersham, Ar-
lington Heights, IL), and cross-linked to the membrane
using ultraviolet light. Prehybridization was conducted
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for 5 hours at 65C in buffer comprised of NaCl (0.9 M),
Tris-Cl (90 mM, pH 8.3), ethylenediaminetetra-acetic
acid [EDTA] (6 mM), 5xX Denhardt solution, sodium
dodecylsulphate (0.1%), sodium pyrophosphate (0.1%
weight per volume), and salmon sperm DNA
(0.2 mg/mL). Hybridizations were conducted for 16
hours at 65C in a buffer that contained a growth-
regulated a-specific oligonucleotide probe (5'-GGC
ATG TTG CAG GTC CCT CA-3') end-labeled with
[y-*P]ATP; the sequence of this probe corresponds to
the portion between bases 714 and 695 of the growth-
regulated « gene.'® Thereafter, the blots were washed
with 6 X standard saline citrate and sodium dodecylsul-
phate (0.1% weight per volume) for 15 minutes at room
temperature, once with 2X standard saline citrate and
sodium dodecylsulphate (0.1% weight per volume) for
15 minutes at room temperature, and once for 20
minutes at 65C. Autoradiography of the membranes
was performed at —70C using Kodak X-Omat AR film
(Eastman Kodak, Rochester, NY). The amount of RNA
in each lane was normalized by analysis of glyceralde-
hyde-3-phosphate dehydrogenase messenger RNA, us-
ing a complementary DNA probe (Clontech Laborato-
ries, Palo Alto, CA) radiolabeled with [a-**P]dCTP by
random hexamer priming. The autoradiographic bands
were quantified using a laser densitometer (Molecular
Dynamics, Sunnyvale, CA). Growth-regulated « in each
band was corrected by using the value for the corre-
sponding glyceraldehyde-3-phosphate dehydrogenase
messenger RNA. Similar experiments were conducted
on three different occasions with cells prepared from
different peritoneal fluids.

ELISA

Immunoreactive growth-regulated « in peritoneal fluid
samples and culture supernatant from mesothelial and
endometrial cells were quantified using an ELISA (R&D
Systems, Minneapolis, MN). According to the manufac-
turer, there is no measurable cross-reactivity with other
known cytokines in this assay, and our experience with
this assay confirms the absence of cross-reactivity with
IL-la or TNF-a. The limit of detection for growth-
regulated o was 5 pg/mL. All of the peritoneal fluid
samples were evaluated in a duplicate assay. The as-
say’s use for human peritoneal fluid was validated;
recombinant growth-regulated « was diluted in assay
buffer, and pooled peritoneal fluid and parallelism were
observed between the standard curve of buffer and
peritoneal fluid dilutions. Each experiment was done
using three replicate wells for each condition, and
supernatant from each well was tested in a single
ELISA. Each experimental setup was repeated on at
least three occasions, using mesothelial and endome-

1052 Oral et al Gro a in Endometriosis

trial cells obtained from three different women. The
individuals doing the assays were blinded to clinical
results. The intra- and interassay coefficients of varia-
tion were 4.4 and 8.1%, respectively.

Immunoreactive IL-8 in peritoneal fluid samples was
quantified using an ELISA from R&D Systems. Accord-
ing to the manufacturer, there is no measurable cross-
reactivity with other known cytokines in this assay. The
limit of detection for IL-8 was 3 pg/mL. All of the
peritoneal fluid samples were evaluated in a duplicate
assay, and the use of IL-8 assay for human peritoneal
fluid was validated: recombinant IL-8 was diluted in
assay buffer, and pooled peritoneal fluid and parallel-
ism were observed between the standard curve of buffer
and peritoneal fluid dilutions. The intraassay and inter-
assay coefficients of variation were 3.3 and 10.2%,
respectively.

Statistical Analyses

Because the growth-regulated « levels in the peritoneal
fluid were not normally distributed, they were ana-
lyzed with nonparametric analysis of variance by ranks
(Kruskal-Wallis test) and within group differences by
post hoc analysis using the Mann-Whitney test. En-
zyme-linked immunosorbent assay results were ana-
lyzed by analysis of variance, and within group differ-
ences by post hoc analysis Bonferroni correction for
multiple correction. Correlation analysis by ranks was
calculated with the Spearman correlation coefficient.
P < 05 was considered statistically significant. The
statistical analysis was performed with the Statistical
Package for Social Sciences, Version 6.0 for Windows
(SPSS Inc., Chicago, IL).

Results

Immunoreactive Growth-Regulated « in Peritoneal
Fluid

Table 1 summarizes the clinical profile of the study
participants. In women with endometriosis, we ob-
served a stage-dependent elevation in the peritoneal
fluid growth-regulated o concentration. In peritoneal
fluid samples from women with minimal endometriosis
(n = 13), the median growth-regulated « level was 25
pg/mL (range, 3-70); with mild endometriosis (n = 19)
it was 14 pg/mL (0-107); with moderate endometriosis
(n = 24) the level was 34 pg/mL (8-150); and with
severe endometriosis (1 = 7) it was 73 pg/mL (10-221).
In women without endometriosis (n = 19), the median
level was 27 pg/mL (0-108). A statistically significant
difference among the five groups was observed (P =
.01), with post hoc analysis revealing a difference be-
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Table 1. Clinical Characteristics of Subjects

Endometriosis

(n = 63)
Normal Minimal Mild Moderate Severe
(n=19) (n =13) (n=19) (n = 24) (n=7)
Age” 30.3£59 338 £55 321=*51 320=53 37179
Parity™ 24 +07 0.7 =02 09 =03 0.6 0.2 04 =01
Infertility” 0 6 (46) 11 (57.9) 11 (46) 3 (42.9)
Chronic pelvic pain’ 0 7 (54) 7 (36.8) 13 (54) 3(42.9)

* Values are means + standard deviation.
" Values in parentheses are percentages.

tween normal women (controls) and women with mod-
erate endometriosis (P = .04), and controls and women
with severe endometriosis (P = .01). Rank correlation
analysis demonstrated a statistically significant rela-
tionship between growth-regulated « level and severity
of disease (r = .36, P = .003). Within the moderate and
severe endometriosis groups (n = 31), the levels of
growth-regulated o in the peritoneal fluid of women with
untreated endometriosis were higher (73 pg/mL [10-
221]) than in women who had undergone medical treat-
ment with GnRH agonist (25 pg/mL [8-47]), (P = .04).

We then tested whether growth-regulated « levels
were menstrual-cycle dependent. Accurate menstrual
dating at the time of peritoneal fluid collection was
available in 53 of the 82 study subjects. In women
without endometriosis, the median concentration of
growth-regulated « in the proliferative phase was 30
pg/mL (range, 23-43) (1 = 7); in the secretory phase, it
was 0 pg/mL (range, 0-70) (1 = 5). In women with
endometriosis, these values were 25 pg/mL (0-221)
(n = 27) and 31 pg/mL (3-107) (n = 14), respectively.
No significant correlation between cycle phase and
growth-regulated a concentration was observed in the
endometriosis or the control group. Because growth-
regulated o and IL-8 share a common receptor, we
investigated for correlation of the levels in the perito-
neal fluid. In the fertile women without endometriosis,
there was no correlation between levels of these cyto-
kines in peritoneal fluid. However, in the endometriosis
group (n = 63), there was a correlation between perito-
neal fluid growth-regulated « concentrations and I1L-8
concentrations (r = .59, P < .001).

Growth-Regulated o Production by Mesothelial
Cells

Confluent mesothelial cells were incubated with human
recombinant IL-1e (10 U/mL) or TNF-« (10 ng/mL) for
6 hours. Growth-regulated a messenger RNA was de-
tectable by Northern analysis in nontreated cells. Both
IL-1a and TNF-a induced higher levels of growth-
regulated o messenger RNA (Figure 1). An increase in
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the growth-regulated a messenger RNA levels in me-
sothelial cells was seen with increasing concentration of
[L-1a (0.1-100 U/mL) and TNF-a (0.1-100 ng/mL)
(data not shown). In mesothelial cells treated with IL-1«
(10 U/mL), the level of growth-regulated a messenger
RNA increased after 2 to 9 hours of [L-1a treatment and
then decreased (data not shown).

Untreated mesothelial cells in culture produced and
secreted growth-regulated a protein, as quantified by
ELISA (Figure 2). Treatment with IL-1a (10 U/mL) or
TNF-a (10 ng/mL) caused increases in the accumula-
tion of immunoreactive growth-regulated « in the me-
dia; the difference was statistically significant by 8
hours of treatment (P = .001). After 24 hours of IL-1a
and TNF-a treatment, the longest duration of the exper-
iments, maximal accumulation of growth-regulated « in
the media was observed (P < .001). Similarly, a lower
increase in the production of growth-regulated o was
observed when cells were treated at a lower concentra-
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Figure 1. Northern analysis of growth-regulated o (Gro ) messenger
RNA in mesothelial cells treated with interleukin-1 alpha (IL-1a) and
tumor necrosis factor-alpha (TNF-a). Confluent mesothelial cells in
culture were incubated for 6 h with IL-1e (10 U/mL) and TNF-« (10
ng/mL). Total RNA (10 pg per lane) was evaluated. C = control;
G3PDH = glyceraldehyde-3-phosphate dehydrogenase.
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Figure 2. Stimulation of immunoreactive growth-regulated a (Gro a)
production by mesothelial cells in culture by interleukin-1 alpha
(IL-1a) and tumor necrosis factor-alpha (TNF-«). Confluent mesothe-
lial cells were treated with serum-free medium alone (control) or with
medium containing IL-1e (10 U/mL) or TNF-a (10 ng/mL) or both for
8 and 24 h. The culture media were collected, and growth-regulated «
was quantified by enzyme-linked immunosorbent assay. Data are
mean * standard error of the mean for four replicates. C = control; I =
IL-1a; T = TNF-e.

tion of IL-1a (1 U/mL) or TNF-« (1 ng/mL) (data not
shown).

Growth-Regulated o Production by Endometrial
Cells

Fetal bovine serum (0.5-10% volume per volume)
caused a concentration-dependent increase in the levels
of growth-regulated o in endometrial stromal cells in
culture. The serum also induced an increase in the
levels of growth-regulated a messenger RNA in IL-1a-
treated (10 U/mL) cells. Consequently, we removed
serum from the culture medium 24 hours before the
initiation of all experiments.

The level of growth-regulated « messenger RNA was
low but detectable in stromal cells. The growth-
regulated a messenger RNA level increased markedly
in response to IL-1a and TNF-« treatment. This increase
was evident by 30 minutes, and high levels of growth-
regulated a messenger RNA were present by 6 hours
following both treatments; thereafter, levels began to
decrease (Figure 3). The increase in the level of growth-
regulated a messenger RNA in stromal cells was de-
pendent on the concentration of IL-1e (0.01-100 U/mL)
or TNF-« (0.01-100 ng/mL) (data not shown).

Untreated endometrial stromal cells in culture pro-
duced and secreted growth-regulated « protein quanti-
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fied by ELISA (Figure 4). Treatment of endometrial
stromal cells with [L-la (10 U/mL) or TNF-a (10
ng/mL) resulted in increases in the accumulation of
immunoreactive growth-regulated «; these differences
were significant by 8 hours (P = .001 for IL-1« treated
versus control). After 24 hours of IL-la and TNF-«
treatment, the longest duration of the experiments,
maximal accumulation of growth-regulated « in the
media was observed (P = .001 for IL-1« treated versus
control, P = .01 TNF-« treated versus control).

Growth-regulated o messenger RNA was not de-
tected by Northern analysis of total RNA isolated from
endometrial glandular cells after 4 days in monolayer
culture.

Discussion

The evidence suggesting that peritoneal fluid in women
with endometriosis is pro-inflammatory is compelling.
Olive et al'” have demonstrated that endometrial stro-
mal cell growth can be optimized in an environment of
estrogen and growth factors, particularly those growth
factors secreted by the peritoneal macrophages; this is
consistent with the finding of increased macrophage
number and activation level in the peritoneal cavity of
women with endometriosis.* Given this scenario, we
asked whether the macrophage abnormality in women
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Figure 3. Time course of induction of growth-regulated o (Gro «)
messenger RNA in endometrial stromal cells by interleukin-1 alpha
(IL-1e). Confluent endometrial stromal cells in culture were incubated
for 8 h in serum-free culture medium with IL-Ie (10 U/mL). Total
RNA (10 pg per lane) was evaluated. G3PDH = glyceraldehyde-3-
phosphate dehydrogenase.
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Figure 4. Stimulation of immunoreactive growth-regulated a (Gro «)
production by endometrial stromal cells in culture by interleukin-1
alpha (IL-1a) and tumor necrosis factor-alpha (TNF-a). Confluent
mesothelial cells were treated with serum-free medium alone (control)
or with medium containing IL-1e (10 U/mL) or TNF-a (10 ng/mL) for
8 and 24 h. The culture media were collected, and growth-regulated «
was quantified by enzyme-linked immunosorbent assay. Data are
mean * standard error of mean for four replicates. C = control; I =
IL-1o; T = TNF-a.

with endometriosis might represent the primary patho-
genetic factor or whether a pre-existing condition pro-
motes leukocyte migration and activation.

One candidate for the latter possibility is the chemo-
kine. The chemokines are a recently described family of
inflammatory proteins; they are related on the basis of
their primary structure, notably the conservation of a
four-cysteine residue motif.'' Two chemokine families
exist—the C-C family, in which the first two cysteine
residues are adjacent to one another; and the C-X-C
family, in which there is an intervening amino acid
between the first two cysteine residues. The C-X-C
family, which includes IL-8, growth-regulated «, neu-
trophil-activating protein-2, platelet factor-4, and y-in-
terferon-inducible protein-10, is predominantly chemo-
tactic for neutrophils. We have shown recently that one
member of this family, IL-8, is elevated in the peritoneal
fluid of women with endometriosis.'’

Growth-regulated o, a chemokine of 73 amino-acid
residues, was described originally as a mitogen for
human melanoma cells (melanoma growth stimulatory
activity), and subsequently it was found to have pro-
inflammatory activity, leading to neutrophil recruit-
ment and activation.'"™"” Interleukin-8 and growth-
regulated « exert their biologic influences by binding to
specific cell receptors. The type A IL-8 receptor binds
IL-8 with high affinity but growth-regulated « with low
affinity, whereas the type B IL-8 receptor binds both
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IL-8 and growth-regulated a with high affinity. Ham-
mond et al*® used antibodies to assess the role of each
receptor in the chemotactic response of neutrophils to
growth-regulated « and found that growth-regulated «
stimulates chemotaxis exclusively through type B re-
ceptors.

If growth-regulated « is involved in the pathogenesis
of endometriosis, its level should be increased in the
peritoneal fluid of women with endometriosis com-
pared to normal women (controls); in addition, a
greater increase should be seen with more severe dis-
ease. This is precisely the finding of this study. Growth-
regulated « is found in greater quantities in women
with endometriosis, and the more severe the disease the
higher the growth-regulated « level.

If growth-regulated « is a participant in the pathoge-
netic pathway, where does this cytokine originate?
Potential sources are macrophages, as well as mesothe-
lial and endometrial cells in the peritoneal environment.
We have found that cultured mesothelial cells constitu-
tively express growth-regulated a messenger RNA and
secrete growth-regulated « protein. Also, we found that
cultured endometrial stromal cells express growth-
regulated @ messenger RNA and secrete growth-
regulated « protein. Thus, the refluxed tissue may well
represent a source of the growth-regulated « in endo-
metriosis patients.

Finally, we asked how growth-regulated & secretion
might be regulated. Our study presents evidence that
the mesothelial and endometrial cell expression of this
leukocyte chemoattractant is modulated by other cyto-
kines such as IL-la and TNF-a, cytokines that are
produced mainly by activated macrophages and found
in elevated levels in the peritoneal fluid of women with
endometriosis. These cytokines appear to play a role in
the constitutive secretion of growth-regulated a and are
capable of greatly stimulating further production and
secretion. Therefore, sources of IL-1 and TNF-a may
play an important role in the initiation of the pathoge-
netic cascade: peritoneal mesothelium, endometrium,
follicular fluid, and peritoneal macrophages are all
candidate sources. Although there is no report on the
production of TNF-a by peritoneal mesothelial cells,
these cells do synthesize IL-1a and IL-18.*' There is also
potential for an interplay between leukocytes and me-
sothelial cells: macrophages production of cytokines
such as IL-1 and TNF-a may lead to increased produc-
tion of growth-regulated « by mesothelial or endome-
trial cells in response.

In our study, the levels of growth-regulated a were
significantly higher in the peritoneal fluid of women
who had severe endometriosis than in women who did
not have endometriosis, but levels were extremely low
in women with endometriosis who had undergone
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medical treatment with GnRH agonist. Taketani et al*
have also observed that medical treatment of endome-
triosis decreases cytokine levels and concurrently elim-
inates the embryo toxicity of the peritoneal fluid in
women with endometriosis. In addition, it has been
reported” that treatment of endometriosis with me-
droxyprogesterone acetate reduces intraperitoneal in-
flammatory changes, which is exemplified by reduced
peritoneal fluid volumes and lower leukocyte counts in
the peritoneal fluid of those women.” Thus, growth-
regulated o levels, like other inflammation markers,
appeat to decline with medical treatment of the disease.

On the basis of these findings, it is tempting to
hypothesize that growth-regulated « is an active partic-
ipant in the pathogenesis of endometriosis. In this
report, we demonstrate that mesothelial and endome-
trial stromal cells can produce growth-regulated «
constitutively and in response to IL-la and TNF-a.
Elevated levels of peritoneal growth-regulated a may
play a role in the growth and maintenance of ectopic
endometrial tissue, directly or indirectly stimulating
endometrial cell proliferation. On the other hand, it is
difficult to determine whether the increased growth-
regulated « level in the peritoneal fluid is a cause or
consequence of the disease because endometrial tissue
itself produces growth-regulated «, and higher levels
observed in advanced stages of endometriosis may be
only reflecting the increased amount of endometrial
tissue found in the peritoneal cavity of these patients.
Future studies should be directed to discriminate be-
tween these two possible explanations.
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