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Immunological factors in endometriosis-associated
reproductive failure: studies in fertile and infertile
women with and without endometriosis

Sergio Martı́nez-Román1, Juan Balasch1,3, reproductive failure in patients with moderate and severe
Montserrat Creus1, Francisco Fábregues1, endometriosis. In women with minimal and mild endometriosis,
Francisco Carmona1, Ramón Vilella2 and however, the aetiological basis for reduced fecundity is unclear
Juan A.Vanrell1 (Hill, 1992a; Prentice and Ingamells, 1996). Numerous factors

have been investigated to explain how mild endometriosis could1Department of Obstetrics and Gynecology and2Immunology
affect fertility, but recently different studies have suggested thatService, Faculty of Medicine, University of Barcelona, Hospital
immunological mechanisms are involved in the pathophysio-Clı́nic i Provincial, C/Casanova 143, 08036-Barcelona, Spain
logy of endometriosis and endometriosis-associated reproduct-3To whom correspondence should be addressed
ive failure (Mahmood and Templeton, 1990; Christman and

Immunopathophysiological mechanisms in endometriosis- Halme, 1992; Hill, 1992a; Thomas and Prentice, 1992; Ramey
associated reproductive failure were studied in appropriate and Archer, 1993; Berkovaet al., 1996; D’Hooghe and Hill,
populations: infertile and fertile women with and without 1996; D’Hoogheet al., 1996; Oralet al., 1996; Prentice and
endometriosis. The incidence of sera positive for any of the Ingamells, 1996; Vinatieret al., 1996). Thus, it has been
autoantibodies tested among infertile women with endo- postulated that both organ-specific and organ non-specific
metriosis (n J 25) was similar to that observed in the three autoantibodies might affect implantation, and it is also likely
control groups [unexplained infertility patients (n J 25) that changes in peritoneal fluid might be related to the aetiology
and fertile women with (n J 10) and without (n J 25) of infertility. This has been attributed to increased numbers of
endometriosis]. The mean volume of peritoneal fluid was

macrophages and cytokines that may interfere with reproduc-
significantly elevated in women with endometriosis (both

tion at various levels, including gamete function, fertilizationfertile and infertile) as compared with patients without endo-
and embryo development, and implantation. However, inmetriosis (fertile or infertile). The concentration of periton-
previous immunological studies, subfertile women with endo-eal fluid leukocytes and the percentage of cells positive for
metriosis at laparoscopy were compared with unexplainedmacrophage markers were significantly increased and the
infertility patients or with fertile women without laparoscopicpercentage of T lymphocytes significantly decreased in infer-
evidence of endometriosis.tile women with endometriosis but not in patients with unex-

At present, accumulating data suggest that in many womenplained infertility and fertile women with endometriosis,
‘endometriosis’ may be a paraphysiological condition, whileas compared with fertile controls without endometriosis.
in other patients ‘the disease endometriosis’ may have implica-Macrophages from infertile patients with endometriosis had
tions for their reproductive health and may produce symptomshigher sperm phagocytosis than did those from infertile
(e.g. pelvic pain) (Vercellini and Crosignani, 1993; Koninckx,women without endometriosis or fertile subjects with or
1994; Thomas, 1994; Bergqvist, 1995; Balaschet al., 1996a).without endometriosis. Incidences of serum and peritoneal
Therefore, the present prospective study was undertaken tofluid samples embryotoxic to the in-vitro development of 2-
investigate serum and peritoneal immunological profiles incell mouse embryos were significantly higher in infertile
infertile women with minimal to mild endometriosis butpatients with endometriosis than in unexplained infertility
using three different control groups: infertile women withoutpatients and fertile women with or without endometriosis. It
endometriosis, fertile women with endometriosis, and fertileis concluded that immunological mechanisms of endo-

metriosis-associated infertility exist but that these peritoneal women without endometriosis. To the best of our knowledge,
immunological factors in infertilewomenwithendometriosis this kind of comparative study has not been previously reported.
are related to their subfertility rather than to the presence
of ectopic endometrial implants. This is supported by the Materials and methods
lack of immunological abnormalities observed among fertile

Patientswomen with endometriosis. These immunological abnormal-
A total of 85 women aged,41 years were included in the presentities are lacking in patients with unexplained infertility.
study. The experimental subjects were 25 primary infertile patientsKey words:endometriosis/immunology/infertility/unexplained
diagnosed as having endometriosis at laparoscopy (group 1). The 60infertility
controls comprised the following three groups: 25 primary infertile
patients with unexplained infertility (group 2), 10 healthy fertile
women undergoing laparoscopy for tubal sterilization and having

Introduction evidence of minimal/mild endometriosis elsewhere in the pelvis
Mechanical disruption of fertility due to the presence of (group 3), and 25 healthy fertile women without laparoscopic evidence

of endometriosis at tubal sterilization (group 4).structural damage and tubo-ovarian adhesions may explain
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The mean age was similar in the four groups (31.56 3.7, 32.26
Table I. Monoclonal antibodies used to identify leukocyte subpopulations3.3, 34.16 2.5 and 34.86 5.7 years respectively). The mean parity

for patients in groups 3 and 4 was 2.4 (range 1–4) and 2.2 (range 1–
Antibody CD number Specificity3) respectively. All fertile women were asymptomatic and had

delivered at term within one year of testing. Four (40%) patients inAnti-HLe-1 45 all leukocytes
Leu 4 3 T lymphocytesgroup 3 and 13 (52%) patients in group 4 breastfed for 1–3 months
Leu®-12 19 B lymphocytesand all underwent laparoscopy.6 months later; one (10%) patient
Leu®-3a13b 4 T-helper lymphocytesin group 3 and one patient (4%) in group 4 were still breastfeeding
Leu®-2a 8 T-suppressor/cytotoxic

when tubal sterilization was performed 4–6 months after delivery (P lymphocytes
was not significantly different between groups 3 and 4). No patientLeu®-M3 14 macrophages
had been treated with hormonal therapy for endometriosis and none
had received exogenous hormones for at least 3 months before
laparoscopy. Infertility was defined as the inability to achieve preg-layered onto a Ficoll-Hypaque gradient (Ficoll–sodium diatrizoate
nancy after a minimum of 1 year of unprotected intercourse. Unex-1077; Sigma Chemical Co., St. Louis, MO, USA) and centrifuged at
plained infertility included patients with no discernible cause after600 g for 25 min to remove contaminating erythrocytes and cellular
complete infertility workup (n 5 21; Balaschet al., 1996b) or with debris. The leukocyte band was isolated and washed twice in PBS.
unexplained failure to conceive following appropriate treatmentThe leukocytes were then resuspended in 1 ml of PBS and counted
such as donor insemination (n 5 3) or bromocriptine for mild under an optical microscope in a Neubauer chamber.
hyperprolactinaemia associated with regular menstrual cycles (n 5 1).

A systematic laparoscopic evaluation of all pelvic peritonealAutoantibody tests
surfaces and structures was carried out in all patients during theAntismooth muscle, antimitochondrial and antinuclear antibodies
midluteal phase, when peritoneal fluid volume and macrophagewere determined by direct immunofluorescence (Simo´n et al., 1992)
activation are higher (Drakeet al., 1980; Halmeet al., 1984). using rat stomach, rat kidney and rat liver as a substrate. Antiphospho-
Endometriosis was staged according to the revised American Fertilitylipid antibodies were determined as described previously (Balasch
Society (AFS, 1985) scoring. Superficial ovarian and peritonealet al., 1990, 1996b).
endometriosis was classified as recently suggested by Brosenset al.
(1993). Biopsies of suspicious lesions were taken when the visualCharacterization of leukocyte subpopulations in the peritoneal fluid
diagnosis of endometriosis was in doubt (six cases). Biopsy of theThe leukocyte subpopulations were characterized using monoclonal
endoscopically suspected endometriosis revealed the presence ofantibodies identifying selective cellular surface markers and flow
endometrial glands and stroma in five cases, while the remainingcytometry. Indirect immunofluorescence measurements were carried
biopsy showed fibrosis with haemosiderin-laden macrophages. Theout with the following monoclonal fluorescein-isothiocyanate labelled
latter case was considered as negative for endometriosis. antibodies: Anti-HLe-1, Leu-4, Leu®-12, Leu®-3a13b, Leu®-2a, and

For the specific purpose of this study, which was approved by theLeu®-M3 (Becton Dickinson, Mountain View, CA, USA). Their
Ethics Committee of the Hospital Clı´nic i Provincial, Barcelona, antigenic specificities are given in Table I. Immunofluorescence
Spain, all the consecutive women in each study group were screenedanalysis was performed as previously described (Reinherzet al.,
for the following: (i) autoimmune serological tests [antismooth muscle,1979). Flow cytometry was performed on a FACScan (Becton
antimitochondrial and antinuclear antibodies and antiphospholipidDickinson Immunocytometry Systems) and analysis of data was made
antibodies (aPL), i.e. lupus anticoagulant (LA) and anticardiolipinwith the software Lysis II (Becton Dickinson Immunocytometry
antibodies (aCL)]; (ii) serum embryotoxicity on 2-cell mouse embryoSystems) on a Hewlett-Packard computer. Calibration of the flow
developmentin vitro; (iii) peritoneal fluid characteristics (volume, cytometer parameters for forward scatter, side scatter and fluorescence
total leukocytes and profiles of leukocyte subpopulations) and (iv)was always the same and analysis was done over 6000 cells in each
effects of peritoneal fluid on in-vitro models of reproductive processesevent. The proportion of cells positive for each monoclonal antibody
(sperm phagocytosis by peritoneal fluid macrophages and embryotoxicwas expressed with reference to the proportion of CD451 (all
effect of cell-free heat-treated peritoneal fluid on in-vitro cleavageleukocytes) in order to avoid a bias for the potential presence of
of 2-cell mouse embryos). In order to obtain a comprehensivecontaminating particles.
immunological investigation, only patients for whom all of these
immunological parameters could be appropriately evaluated wereSperm phagocytosis
included in our study. Three cases in group 1, one in group 2, twoSperm phagocytosis assay was performed as previously reported
in group 3, and two in group 4 were discarded because certain of the(Awadalla et al., 1987). Spermatozoa were obtained from a single
proposed experiments could not be performed for technical problems.fertile donor who participated in an artificial insemination programme
Inclusion of these partial data, however, did not influence results. and cryopreserved. Sperm motility was 65%. The spermatozoa were

washed twice with Ham’s F-10 medium (GIBCO, Grand Island, NY,
Sample collection USA) containing 10% fetal calf serum (FCS) and adjusted to a

concentration of 53106 spermatozoa/ml. A portion of the purifiedBlood (50 ml) was obtained from each woman and serum samples
were aliquoted and stored at –70°C. At laparoscopy and before leukocytes of each patient was resuspended at a concentration of

2.253106 cells in the same medium and 0.1 ml of this suspensionplacement of the patient in the Trendelenburg position, peritoneal
fluid was aspirated from the anterior and posterior cul-de-sacs with was placed in a microtitre chamber (Microtest II; Falcon Plastics,

Barcelona, Spain). The macrophages were allowed to adhere to thea hollow canule. The peritoneal fluid was then placed in sterile
heparinized tubes to avoid macrophage adherence to glass and plastic for 1 h. Each well was then washed twice with Ham’s F-10

medium to remove non-adherent cells, which consisted primarilyimmediately transported to the laboratory and its volume determined.
After centrifugation at 600g for 10 min the supernatant was removed, of lymphocytes and non-viable macrophages, leaving a monolayer

consisting of.95% macrophages. Next, 200 ml of sperm suspensionaliquoted and stored at –70°C until assay. The cell pellet was then
resuspended in phosphate-buffered saline (PBS, 0.01 M, pH 7.2), (106 spermatozoa) was added to each of two macrophage-coated
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chambers and to each of two empty chambers (controls). The plates
Table II. American Fertility Society (AFS) stage and laparoscopicwere incubated for 24 h at 37°C in humidified 5% carbon dioxide/
appearance of endometriosis in groups 1 and 3a,b

95% air. The supernatant media were carefully removed by pipetting
and the spermatozoa counted in a Makler chamber. The percentageEndometriosis No. (%) of patients at each stage
phagocytosis was expressed as: [(no. SR control – no. SR case)/no.

Group 1 (n 5 25) Group 3 (n 5 10)SR control]3100, where ‘no. SR’ is the number of spermatozoa in
the supernatant. All assays were done in duplicate. The intra-assayAFS stageb
variability was,7%. I 17 (68) 7 (70)

II 8 (32) 3 (30)
Laparoscopic appearancebMouse embryo assay
Red lesion 7 (28) 2 (20)

Mature female F1 (C57B1/6J3CBa/Ca) mice (Facultad de Ciencias Black lesion 22 (88) 9 (90)
Biológicas de la Universidad Auto´noma de Barcelona, Barcelona, White lesion 10 (40) 6 (60)
Spain) were superovulated with 5 IU of pregnant mare serum

a Group 15 infertile patients with endometriosis; group 35 fertile womengonadotrophin (study day 1) followed 48 h later by 5 IU of human
with endometriosis.

chorionic gonadotrophin (HCG) (study day 3), given intraperitoneally.b P 5 not significant between the two groups for AFS stage or laparoscopic
At the time of HCG injection, each female mouse was placed with aappearance.
stud male and allowed to mate overnight. Mating was confirmed by
the presence of a vaginal plug on study day 4. On day 5, 44 h after

As shown in Table IV, the mean volume of peritoneal fluidthe HCG injection, the mice were killed by cervical dislocation, and
was significantly elevated in women with endometriosis (boththe oviducts flushed with Ham’s F-10 medium under a dissecting
fertile and infertile) as compared with patients without endo-microscope. Normal 2-cell embryos selected from several mice were
metriosis (fertile or infertile). Peritoneal fluid leukocyte popula-placed in a common pool and divided randomly into 15–20 embryo
tion data are presented in Table IV. The concentration oflots among the different medium preparations. Samples of serum and

peritoneal fluid from both cases and controls were heat inactivatedperitoneal fluid leukocytes was significantly higher in group 1
for 45 min at 56°C, sterilized using 0.2µm filters (Millipore Co, patients than in group 4. When leukocyte subpopulation
Madrid, Spain), diluted to 15% concentration in Ham’s F-10 mediumprofiles were examined, the percentage of cells positive for
and placed in duplicate in four-well Nunclon plates (Nunc, Delta,the macrophage markers was significantly increased and the
Denmark). The total volume in each well was 1 ml and the osmolalitypercentage of T lymphocytes significantly decreased in infertile
and pH were within physiological ranges. Four to five embryos werewomen with endometriosis, but not in women in groups 2 and
placed in each well and incubated in 5% CO2 in air at 37°C for 72

3, as compared with fertile controls without endometriosish. Control embryos in Ham’s F-10 alone were cultured simultaneously.
(group 4). B lymphocyte, T-helper lymphocyte and T-sup-Embryos were examined under the microscope at 24-h intervals. In
pressor/cytotoxic lymphocyte concentrations, as well as theHam’s F-10 medium,ù50% of 2-cell embryos developed to the
T-helper-to-T-suppressor lymphocyte ratio were similar in theblastocyst stage by 72 h, which is used in in-vitro fertilization (IVF)
four groups studied (Table IV).programmes as a quality control for the medium. Thus, a serum or

peritoneal fluid sample was defined as toxic if,50% of the embryos Results of sperm phagocytosis mediated by peritoneal
reached the blastocyst stage at 72 h (Damewoodet al., 1990; Simo´n macrophages from the four groups of patients are displayed
et al., 1992; Abu-Musaet al., 1992a,b). in Table V. Macrophages from infertile patients with endo-

metriosis (group 1) had higher sperm phagocytosis than did
Statistical analysis those from infertile women without endometriosis (group 2)
The χ2-test with the Yates correction when necessary, Fisher’s exactor fertile subjects with or without endometriosis (groups 3
test and the Mann–WhitneyU-test were used for statistical analysis, and 4). Incidences of serum and peritoneal fluid samples
as appropriate. embryotoxic to the in-vitro development of 2-cell mouse

embryos were significantly increased in group 1 versus groups
2, 3 and 4 (Table V).

Results

Table II shows the AFS stage and the laparoscopic appearances
Discussionof the condition in the two groups of patients with endo-

metriosis. The majority of women (68 and 70% in groups 1 Endometriosis is one of the most important gynaecological
disorders affecting the fertility potential of women. Estimatesand 3 respectively; not significantly different) had stage I

according to the revised AFS (1985) classification of endome- suggest that 25–50% of infertile women have evidence of
endometriosis, and 30–50% of women with endometriosis aretriosis. The incidence of the distinctive appearances of the

lesions was similar in the two groups of patients (Table II). infertile (Mahmood and Templeton, 1990; Christman and
Halme, 1992). Although the anatomical distortion often associ-Incidences of detection of autoantibodies in sera of patients

in the four groups studied are presented in Table III. Antimito- ated with advanced stages of endometriosis appears to be a
major aetiological factor of infertility, in women with minimalchondrial antibodies were detectable in none of the 85 subjects

studied. Of the other autoantibodies tested, the incidence of to mild endometriosis and no apparent structural damage the
pathogenesis of the infertility remains obscure.positive sera among infertile women with endometriosis (group

1) was similar to that observed in the three control groups Endometriosis is associated with a relative reduction in
fertility potential, but not all women with endometriosis are(unexplained infertility patients and fertile women with and

without endometriosis). infertile. In fact, whether minimal and mild endometriosis
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Table III. Autoantibodies in sera from patients in the four groups studied. Values in parentheses are
percentages

Patient groupa Autoantibody-positive womenb

Antinuclear Antismooth muscle LA aCL Overall

1/50c .1/50c 1/50 .1/50

1 (n 5 25) 9 (36) 1 (4) 4 (16) 1 (4) 1 (4) 3 (8) 12 (48)
2 (n 5 25) 2 (8) 3 (12) 4 (16) 1 (4) 0 0 8 (32)
3 (n 5 10) 2 (20) 0 0 0 0 0 2 (20)
4 (n 5 25) 8 (32) 1 (4) 3 (12) 0 1 (4) 1 (4) 10 (40)

LA 5 lupus anticoagulant; aCL5 anticardiolipin antibodies.
a Group 15 infertile patients with endometriosis; group 25 unexplained infertility; group 35 fertile
women with endometriosis; group 45 fertile women without endometriosis.
b No significant differences between groups.
c Values are sera dilution in phosphate-buffered saline.

Table IV. Peritoneal fluid volume, total leukocytes and leukocyte subpopulations in the four groups studied.
Values are mean6 SEM

Peritoneal fluid variable Groups of patientsa

1 (n 5 25) 2 (n 5 25) 3 (n 5 10) 4 (n 5 25)

Volume (ml) 10.36 0.59b 7.8 6 0.63 9.86 0.71b 7.6 6 0.76
All leukocytes (103 cells/ml) 9186 115.98c 818 6 163.01 7356 77.1 5326 64.0
T lymphocytes (% positive cells) 11.36 1.42c 12.7 6 2.06 12.06 2.8 18.46 2.34
B lymphocytes (% positive cells) 1.96 0.34 2.26 0.41 1.26 0.23 2.16 0.32
T-helper lymphocytes (% positive cells) 4.46 0.76 5.86 0.88 3.26 1.11 6.76 0.9
T-suppressor/cytotoxic lymphocytes 4.16 0.62 5.56 1.24 4.26 1.19 7.56 1.32
(% positive cells)
T-helper/T-suppressor ratio 1.46 0.27 1.66 0.17 0.86 0.17 16 0.12
Macrophages (% positive cells) 616 2.35c 53 6 3.13 546 4.3 486 3.36

a Group 15 infertile patients with endometriosis; group 25 unexplained infertility; group 35 fertile
women with endometriosis; group 45 fertile women without endometriosis.
bP , 0.05, when compared with groups 2 and 4.
cP , 0.05, when compared with group 4.

appearances of the condition were similar in asymptomatic
Table V. Percentage sperm phagocytosis by peritoneal macrophages and infertile and fertile women (Balaschet al., 1996a), which is
incidence of embryotoxic sera and peritoneal fluids in the four groups

in agreement with the findings in the present report. Asstudied
discussed below, however, immunological studies showed

Patient groupa % Spermatozoa Embryotoxic Embryotoxic some notable differences between infertile and fertile women
phagocytosisb sera (n, %) peritoneal fluids

with endometriosis.(n, %)
There is substantial evidence that immunological factors play

1 (n 5 25) 79.36 2.95c 17 (68)c 21 (84)c a role in the pathogenesis of endometriosis and endometriosis-2 (n 5 25) 62.86 4.62 6 (24) 11 (44)
associated reproductive failure. Both humoral and cellular3 (n 5 10) 59.16 6.3 2 (20) 3 (33.3)

4 (n 5 25) 53.76 5.09 5(20) 6 (24) immune changes have been reported in endometriosis, and
adverse reproductive performance has been attributed to eitheraGroup 15 infertile patients with endometriosis; group 25 unexplained

infertility; group 3 5 fertile women with endometriosis; group 45 fertile type of immune change. Thus, a broad range of antibodies to
women without endometriosis. cell components in patients with endometriosis has beenb Values are mean6 SEM.

reported but the results are controversial (Gleicheret al., 1987;cP , 0.05, when compared with groups 2, 3 and 4.
El-Roeiy and Gleicher, 1988; Kennedyet al., 1989; Confino
et al., 1990; Kilpatricket al., 1991; Tayloret al., 1991; Simo´nadversely affects fecundity remains controversial (Hill, 1992a;
et al., 1992). As recently stressed by D’Hooghe and HillThomas, 1994; Prentice and Ingamells, 1996). The origins of
(1995), it is difficult to interpret the weight of these data, sincethis controversy may lie in the assumption that all women
most of these studies either lacked control patients (El-Roeiywith the same stage of endometriosis have the same disease.
et al., 1988; Kilpatricket al., 1991) or used as controls infertileEndometriosis, however, may be a heterogeneous disease,
patients without endometriosis (Simo´n et al., 1992) or ‘healthyand the mechanisms underlying reproductive failure in these
men and/or undefined healthy women’, mostly blood donors,women may likewise be heterogeneous (Hill, 1992a). Thus,
without previous laparoscopic exclusion of endometriosisin a recent report we found that the prevalence of endometriosis

by revised AFS (1985) classification and the diagnosis of (Gleicheret al., 1987; El-Roeiy and Gleicher, 1988; Kennedy
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et al., 1989; Tayloret al., 1991). In their recent review on the studies reporting an increased number of total T cells, T-helper
cells and macrophages in the peritoneal fluid from unexplainedsubject, D’Hooghe and Hill (1995) concluded that ‘current

data show the presence of autoantibodies in patients with infertility patients as compared with fertile women with a
normal pelvis (Hillet al., 1988).endometriosis, but do not offer sufficient proof that their

prevalences are significantly higher than values in women with The observation that women with minimal and mild endo-
metriosis are as successful following IVF as women witha normal pelvis or that they are correlated with infertility.

Further studies are required to document prevalence and levels tubal disease (FIVNAT, 1993) favours the concept that early
reproductive events in women with minimal and mild endome-of autoantibodies in fertile and infertile women with a normal

pelvis, and these patient groups must be used as controls when triosis may be adversely affected (e.g. sperm phagocytosis,
impaired fertilization, embryotoxicity against early embryonicendometriosis patients are investigated’. A remarkable feature

of our study is that, in addition to infertile women with a normal development; Hill, 1992a). However, subfertility persists even
after embryo transfer in patients with endometriosis whopelvis, fertile women both with and without endometriosis were

used as controls. The present report, where the incidence of undergo an IVF procedure. Hence, alterations in early embry-
onic development must be invoked (Damewoodet al., 1990;autoantibody-positive sera found among infertile women with

endometriosis was similar to that found in the three control Simo´n et al., 1992). In-vitro incubation of mouse embryos
with heat-inactivated serum from patients with endometriosisgroups, adds further evidence against an endometriosis-associ-

ated autoimmune reproductive failure. has been found to impair development (Damewoodet al.,
1990; Abu-Musaet al., 1992b; Simo´n et al., 1992) comparedPeritoneal fluid represents a combined peritoneal and ovarian

exudate, and its volume fluctuates normally throughout the with serum from patients with tubal infertility (Damewood
et al., 1990; Simo´n et al., 1992) and infertile women withoutmenstrual cycle (for review, see Ramey and Archer, 1993;

D’Hooghe and Hill, 1996). It has been reported that the mean evidence of endometriosis (Abu-Musaet al., 1992b). In-vitro
incubation of mouse embryos in peritoneal fluid from infertilevolume of peritoneal fluid is elevated in infertile women

with endometriosis compared with fertile women without the patients with endometriosis resulted in impaired (Morcoset al.,
1985; Proughet al., 1990) or similar development (Awadalladisease, and an association between subfertility and increased

peritoneal fluid volume has been suggested (Ramey and Archer,et al., 1987) when compared with peritoneal fluid from fertile
controls (Proughet al., 1990) and unexplained infertility1993; D’Hooghe and Hill, 1996). Our study, in which peritoneal

fluid volume was higher in women with endometriosis than in patients (Morcoset al., 1985; Awadallaet al., 1987).
As thoughtfully stressed by Hill (1992a,b), conflictingthose without evidence of the disease irrespective of whether

they were fertile or infertile, shows that an increased peritoneal reports concerning adverse effects of serum and peritoneal
fluid on reproductive processes may be explained in part byfluid volume is associated with the presence of endometriosis

but is unrelated to the fertility status of the woman. In addition, the inadequate controls used. Many investigators have not
included fertile women in their studies, but rather have com-our results show that peritoneal fluid volume is not increased

in patients with unexplained infertility. pared subfertile patients with endometriosis with subfertile
women without endometriosis. Inclusion of a fertile controlThere is compelling evidence for increased white blood cell

populations in the peritoneal fluid of subfertile women with population should be a fundamental component of the basic
study design of infertility and endometriosis studies becauseendometriosis as compared with fertile women without endo-

metriosis (Hill, 1992a; D’Hooghe and Hill, 1996). The majority it has been suggested that similar peritoneal factors may be
operable in subfertile women with and without evidence of(50–70%) of peritoneal fluid cells are macrophages, and there

is general agreement that the total number of peritoneal fluid endometriosis (Gleicher, 1992). On the other hand, the possibil-
ity exists that women with endometriosis may not represent amacrophages is elevated in infertile women with endometriosis

as compared with fertile women without the disease. Some homogeneous population, and this is another variable poten-
tially confounding studies investigating endometriosis-associ-authors have reported similar findings regarding T cells, CD41

T-helper cells and the T4/T8 ratio (Hill, 1992a; Ramey and ated reproductive failure (Hill, 1992a). Hence, study
populations should ideally consist of fertile and subfertileArcher, 1993; D’Hooghe and Hill, 1996). The present report

confirms those previous studies with respect to the total number women with and without endometriosis (Hill, 1992b). This
has been done in the present study, where we found thatof peritoneal fluid leukocytes and macrophages but not T cells,

B lymphocytes and T subpopulations. A striking feature of both serum and peritoneal fluid from infertile women with
endometriosis are embryotoxic to in-vitro development of 2-our study is the suggestion that these peritoneal immunological

factors in infertile women with endometriosis are a function cell mouse embryos, whereas sera and peritoneal fluids from
patients with unexplained infertility and fertile women (withmore of their subfertility than of the presence of ectopic

endometrial implants, which is supported by the lack of or without laparoscopic evidence of endometriosis) were not
embryotoxic when studied in the in-vitro mouse embryoimmunological abnormalities observed in group 3 (fertile

women with endometriosis). This is further stressed by experi- system.
In a recent prospective study (Balaschet al., 1996a),mental studies showing that peritoneal white blood cells and

macrophage concentrations were elevated in baboons with we showed a high prevalence (45–50%) of endometriosis
(including microscopic forms) in asymptomatic women, bothspontaneous endometriosis as compared with primates with a

normal pelvis or those having induced disease (D’Hooghe and fertile and infertile, thus supporting the modern concept that
in many women with patent Fallopian tubes, endometriosis,Hill, 1996). In addition, our results disagree with previous
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