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BACKGROUND: Animal studies and laboratory experiments have demonstrated that exposure to dioxins may be involved in the patho-
physiology of endometriosis. However, recent epidemiological investigations have shown conflicting results. Although peritoneal fluid is a
specific microenvironment playing a pivotal role in the development of endometriosis, to our knowledge, there is no published study eval-
uating the concentrations of dioxins in serum and peritoneal fluid simultaneously. The present study explores the possible correlation
between the local peritoneal fluid levels of dioxins and concurrent endometriosis.

METHODS: There were |7 infertile women enrolled in the present study. After the diagnostic laparoscopic examination, the women were
divided into two groups: endometriosis (n = 10) and controls (n = 7). We measured 29 dioxins simultaneously in serum and peritoneal fluid
samples: 7 polychlorinated dibenzo-p-dioxins (PCDDs), 10 polychlorinated dibenzofurans (PCDFs), and 12 polychlorinated biphenyls
(dioxin-like PCBs). A dioxin toxic equivalency (TEQ) system was utilized to calculate the dioxin concentration in each sample.

RESULTS: Serum concentrations of itemized components of 29 dioxins were similar in the endometriosis patients compared with the
controls. Higher concentrations of PCDFs and dioxin-like PCBs were observed in peritoneal fluid than in serum, whereas the reverse
was shown for PCDDs. Statistical analysis showed that higher levels of dioxin TEQ (PCDDs and PCDFs) in peritoneal fluid were significantly
associated with an increased risk of endometriosis (OR: 2.5; 95% CI: |.17-5.34; P = 0.035).

CONCLUSIONS: This is the first report suggesting that higher concentrations of dioxins (PCDDs and PCDFs) in peritoneal fluid are linked

to endometriosis. More detail and epidemiological research is warranted to further explore this link.
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Introduction

Endometriosis is a common gynecological disorder characterized by
the presence of endometrial tissue outside of the uterine cavity that
causes pelvic pain and infertility with a 10% prevalence among fertile
women (Strathy et al., 1982). The ‘gold standard’ for endometriosis
diagnosis is direct visualization by laparoscopy or laparotomy. The
exact prevalence of endometriosis in the general population is under-
estimated because most women are asymptomatic and therefore do
not seek medical care (Balasch et al., 1996). Although the etiology
and pathogenesis of this disease remain unknown, retrograde men-
struation and implantation of endometrial cells into the peritoneum
is the most widely accepted theory. Recently, a growing body of evi-
dence has indicated that endometriosis is likely to be a multifactorial
disease. A complex interaction between genetic factors, immunoin-
flammatory processes, cytokine activation and environmental factors
is suggested to be involved in the disease etiology (Tariverdian
et al., 2007; Rier, 2008).

In the past 15 years, attention has been drawn to investigate the
association between the cause of endometriosis and environmental
exposure to 29 dioxin and dioxin-like chemicals, namely: 7 polychlori-
nated dibenzo-p-dioxins (PCDDs), 10 polychlorinated dibenzofurans
(PCDFs), 4 non-ortho and 8 mono-ortho coplanar polychlorinated
biphenyls (dioxin-like PCBs) (Rier and Foster, 2002; Anger and
Foster, 2008; Bruner-Tran et al., 2008). Rier et al. (1993) first reported
that exposure to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) is
associated with a dose-dependent increase in the incidence and sever-
ity of endometriosis in the rhesus monkey. Eight years later, they
re-analyzed the blood samples from the first experiments and found
the serum levels of dioxin-like PCBs were also increased in
TCDD-treated animals with a high prevalence and severity of
endometriosis, indicating that dioxin-like PCBs may play a possible
role in the development of endometriosis (Rier et al., 2001).
Further rodent animal studies demonstrated that treatment with
dioxin or dioxin-like chemicals resulted in a dose-dependent
enhancement in the size of surgically induced endometrial lesions
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(Cummings et al., 1996; Johnson et al., 1997). Moreover, laboratory
experiments have shown that dioxin exposure in explant cultures of
human endometrial or stromal cells promotes CYPIAI and
CYPIBI expression and inflammation-related chemokine secretion
(Bofinger et al., 2001; Bruner-Tran et al., 2008; Yu et al., 2008).
These findings support the evidence that dioxin and dioxin-like chemi-
cals may contribute to the progression of endometriosis in rodents
and non-human primates.

Dioxin and dioxin-like chemicals are mainly produced by industrial
byproducts and garbage combustion processes. Owing to their lipo-
philic nature, these chemicals may be biomagnified in the food
chain. A previous work has demonstrated that all 29 dioxin and dioxin-
like chemicals show a high affinity for binding the aryl hydrocarbon
receptor (AhR), also known as the dioxin receptor (Safe et dl.,
1998; Klinge et al., 1999; Ohtake et al., 2003; Igarashi et al., 2005).
The ligated AhR rapidly forms a heterodimeric complex with the
AhR nuclear translocator and moves to the nucleus, initiating a
cascade of endocrine disrupting events which may promote endome-
triosis and other diseases (Safe et al., 1998; Klinge et al., 1999; Ohtake
et al., 2003; Igarashi et al., 2005). For all 29 compounds with the ability
to bind to AhR, the dioxin toxic equivalency (TEQ) for each com-
pound was used to reflect their AhR-related biological potency
based on an assess system using a toxic equivalency factor (TEF) rela-
tive to 2,3,7,8-TCDD (Van den Berg et al., 1998).

Specifically, the prevalence and the severity of endometriosis are
increasing in developing countries because of increasing environmental
pollution (Donnez et al., 2002; Arisawa et al., 2005). Animal studies
and laboratory experiments have also demonstrated this link at the
molecular level (Rier and Foster, 2002; Bruner-Tran et al., 2008).
Nevertheless, the results of current epidemiological investigations of
the association between dioxins and endometriosis remain controver-
sial (Anger and Foster, 2008). To date, several case—control studies
have suggested an association between endometriosis and exposure
to dioxins and/or total PCBs (Mayani et al., 1997; Heilier et al.,
2005; Louis et al., 2005; Porpora et al., 2006). In an Israeli study,
8% of the endometriosis patients were dioxin-positive when com-
pared with 3% in the controls, indicating an association between
TCDD and endometriosis (Mayani et al., 1997). Louis et al. (2005)
observed a 3-fold increased risk of endometriosis for women in the
third tertile of anti-estrogenic PCBs, suggesting that anti-estrogenic
PCBs may be associated with the development of endometriosis
(Louis et al., 2005). An Italian study found that concentrations of
both dioxin-like and non-dioxin-like PCBs were significantly elevated
in women with endometriosis (Porpora et al., 2006). A recent study
in Belgium demonstrated that the serum TEQ levels of dioxin-like
compounds were significantly increased in women with peritoneal
endometriosis and those presenting with deep endometriotic
nodules (Heilier et al., 2005), whereas one retrospective cohort
study and two recent case—control studies have failed to find a signifi-
cant association between dioxin exposure and endometriosis
(Eskenazi et al., 2002; Tsukino et al., 2005; Niskar et al., 2009). More-
over, several reviews have pointed out a lack of consensus from
studies of the link between endometriosis and dioxin exposure due
to the different investigated areas, low sample sizes, methodological
issues and different criteria for endometriosis diagnosis (Guo, 2004;
Anger and Foster, 2008; Foster, 2008).

Peritoneal fluid is a specific microenvironment containing cellular
populations and soluble factors, such as steroid hormones, cytokines,
growth factors and angiogenic factors. Growing evidence suggests
that peritoneal fluid may play a critical role in the implantation and
progression of endometriosis (Koninckx et al., 1998). However, to
our knowledge, all the human epidemiological studies to date have
only focused on the serum concentrations or TEQ levels of dioxin
and/or dioxin-like chemicals; there are no published studies investi-
gating the peritoneal fluid concentrations of dioxins and their link
with endometriosis. In order to explore the possible correlation
between the local peritoneal fluid levels of dioxins and the presence
of endometriosis, we investigated the TEQ level of 29 dioxin and
dioxin-like chemicals both in serum and ascites samples from |7 infer-
tile Japanese women either with or without endometriosis.

Materials and Methods

Patients and samples

Seventeen Japanese women undergoing diagnostic laparoscopy for inferti-
lity were enrolled in this case—control study from October 2004 to March
2007 in the Department of Obstetrics and Gynecology, Tokai University
School of Medicine. Endometriosis was diagnosed by visualization of the
peritoneal cavity, ovaries, outside of the fallopian tubes and uterus
during laparoscopy according to the revised classification of the American
Society of Reproductive Medicine (Revised American Society for Repro-
ductive Medicine Classification of Endometriosis: 1996, 1997). Ten
women were diagnosed as having endometriosis and seven without
endometriosis composed the control group. The characteristics of the
study population are listed in Table I. All the participants provided
written informed consent to be included in this study before the laparo-
scopic examinations. The study protocols were approved by the Ethical
Committee of Tokai University School of Medicine. Approximately 10—
I3 ml of serum and 10-52 ml of peritoneal fluid were collected from
each participant in her follicular phase not during the menstrual period.
The serum and the peritoneal fluid samples were stored at —80°C until
the analyses.

Table | Characteristics of the study population.

Endometriosis Controls P-value

n 10 7
Age (years)® 335+36 364+59 022
BMI? 209 +23 228+46 033
Current smoking (%)° 10% 14.3% 1.0
Children®

0 9 7 1.0

> | |
Volume of serum (ml)®>  10.8 + 0.8 11.0+ 1.1 0.67
Volume of ascites (ml)®  18.0 + 10.3 21.84+ 149 0.67

Data are presented as the mean + SD.
“Student’s t-test.

by test.

“‘Mann—Whitney U-test.
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Chemical analyses

In 2008, all serum and ascites fluid samples were analyzed using high-
resolution gas chromatography/isotope-dilution high-resolution mass spec-
trometry (GC/HRMS; an Agilent 6800 series GCs, Agilent Technologies,
Inc., CA, USA; an Autospec Ultima NT, Micromass Ltd, Manchester, UK)
for 29 dioxin and dioxin-like compounds, including 7 PCDDs (TCDD,
1,2,3,7,8-pentaCDD, 1,2,3,4,7,8-hexaCDD, 1,2,3,6,7,8-hexaCDD, 1,2,3,7,
8,9-hexaCDD, 1,2,3,4,6,7,8-heptaCDD and 1,2,3,4,6,7,8,9-octaCDD), 10
PCDFs [2,3,7,8-tetra-chlorodibenzofuran (CDF), 1,2,3,7,8-pentaCDF, 2,3,
4,7,8-pentaCDF, 1,2,3,4,7,8-hexaCDF, 1,2,3,6,7,8-hexaCDF, 1,2,3,7,8,9-
hexaCDF, 2,3,4,6,7,8-hexaCDF, 1,2,3,4,6,7,8-heptaCDF, 1,2,3,4,7,8,9-
heptaCDF and 1,2,3,4,6,7,8,9-octaCDF], 4 non-ortho PCBs and 8 mono-
ortho PCBs (International Union of Pure and Applied Chemistry Nos. 77,
81, 126, 169, 105, 114, 118, 123, 156, 157, 167, 189). The detailed analyti-
cal methods and quality-control procedures were referred to previously
(Patterson et al., 1987; Patterson et al., 1990). For the lipophilic nature of
dioxin and dioxin-like chemicals, the concentrations of these compounds
were adjusted for the lipid content of the samples. The concentrations of
total serum lipid were determined according to previous descriptions
(Akutsu et al., 2008). For peritoneal fluid samples, we first determined
the mean content of lipid in peritoneal fluid from three individual samples
using 10 g of the fluid. Then, 10 g of peritoneal fluid from each participant
was drawn to determine the dioxin and dioxin-like compounds, and the
total lipid in these peritoneal fluid samples was calculated based on the
mean lipid content. The TEQ for each PCDD, PCDF and dioxin-like PCB
in a serum sample and ascites fluid was calculated based on its serum
and ascites fluid concentration multiplied by its respective TEF (Van den
Berg et al., 1998). Subsequently, a total TEQ for each serum and peritoneal
fluid sample was calculated from these individual TEQs. A concentration
below the limit of detection (LOD) was considered as undetermined and
calculated as zero. LOD was defined as the value of three times the
signal/noise ratio in our GC/HRMS system.

Dealing with non-detects in chemical
analyses

In the present study, some participants showed values lower than the
LOD of some dioxin compounds; in which cases, we assigned those
values as zero. This could be underestimating the exact concentration of
dioxin and dioxin-like compounds in our method. To properly deal with
non-detects, there may not be a best method; some have assigned half
of the LOD, whereas others have used the LOD//2. In this context,
we alternatively assigned half of the LOD as the value for samples
below the LOD and compared those results with the system of using
zero for values lower than the LOD. However, since we could not find
any differences in the statistical results between the two systems and pre-
ferred to avoid overestimation of samples below the LOD, we decided to
use zero as the value of samples below the LOD.

Statistical analyses

All data are shown as the mean + SD. Statistical analyses were performed
using Dr SPSS Il for Windows (release |1.0.1), SPSS Japan Inc., Tokyo).
The x*-test, the Mann—Whitney U-test and Student’s t-test were used
for comparing the characteristics of endometriosis patients and controls
as appropriate. Total levels of PCDDs, PCDFs and PCBs in serum and
ascites were calculated for the sums of the serum and ascites molar con-
centrations of PCDDs, PCDFs and PCBs. The serum and ascites levels of
PCDDs, PCDFs and PCBs were adjusted by the lipid content. Differences
in LOD:s in the serum and ascites samples were compared using Student’s
t-test or the Mann—Whitney U-test as appropriate. A Pearson correlation
or a Spearman rank correlation coefficient was used to measure

co-linearity of LODs between serum and ascites samples. Unconditional
logistic regression analysis was used to estimate the association between
total TEQ of dioxin in ascites and endometriosis. A P-value of <0.05
was considered to indicate statistical significance. Receiver operating
characteristic (ROC) curves were used to assess the power to detect a
difference and to estimate the sample sizes to validate our final results
((Centor, 1991).

Results

A total of |7 patients including 10 endometriosis patients and 7
normal controls were enrolled in this study. Serum and peritoneal
fluid were collected from all the participants to simultaneously deter-
mine the concentrations of 29 dioxins. Table | shows the character-
istics of the 17 women. The endometriosis patients and the
controls were well-matched regarding age, body mass index (BMI),
parity and smoking habits; and the volumes of collected serum and
peritoneal fluid were similar between the two groups.

Most of the 29 dioxins were detected in almost all of the serum
samples (Fig. 1). The distribution patterns of PCDDs, PCDFs
(Fig. 1A) and dioxin-like PCBs (Fig. I1B) compounds in serum were
similar between the endometriosis patients and the controls. In the
ascites samples, only five compounds of PCDDs and PCDFs (2,3,4,
7,8-pentaCDF, 1,2,3,4,7,8-hexaCDF, 1,2,3,6,7,8-hexaCDF, 1,2,3,4,6,
7,8-heptaCDD and octaCDD) were detected (Fig. 2A), but all of
the dioxin-like PCBs were observed with higher levels than those in
serum (Figs 2B and 4). Table Il shows the mean level of the total
TEQ values of PCDDs, PCDFs and dioxin-like PCBs in both the
serum and the ascites samples, and the summarized sample
numbers over the LOD appear in brackets. The total TEQ values of
PCDDs, PCDFs and dioxin-like PCBs are similar for the endometriosis
patients and the controls, and there were no statistically significant
differences. The total TEQ values of PCDDs were significantly
decreased in ascites compared with those in serum (Fig. 3A). The
reverse was observed for PCDFs, showing that there were higher
total TEQ values of PCDFs in ascites (I1.3 pg TEQ/g lipid) than
those in serum (7.3 pg TEQ/g lipid), but there were no statistically sig-
nificant differences (Fig. 3B). On the other hand, the dioxin-like PCBs
were significantly increased in ascites (Fig. 4A—C).

We subsequently analyzed the association of the dioxin residues in
serum with their concentrations in ascites. The TEQ of dioxin-like
PCBs in serum samples showed a close correlation with that in
ascites (Fig. 4D—F), but the TEQ of PCDDs and PCDFs in serum
did not relate to that in the ascites samples (Fig. 3C and D). On the
other hand, the TEQ of PCDDs showed a positive linear correlation
with the TEQ of PCDFs in serum samples (r=0.92, P=1.3 x
1077, Fig. 5A). The linear regression equation is: total TEQ of
PCDDs = 1.12 x total TEQ of PCDFs—0.Il. Whereas, in the
ascites samples, the TEQ of PCDDs showed a non-linear correlation
with the TEQ of PCDFs (Fig. 5B). The distribution pattern of total
TEQ of PCDDs in |7 samples was divided into two groups, a
higher level group (>0.4 pg TEQ/pg lipid) and a lower level group
(<0.4 pg TEQ/pg lipid), whereas the distribution pattern of total
TEQ of PCDFs in |7 samples can be divided into detectable and non-
detectable groups. Statistical analysis by the y*-test showed that the
higher-level TEQ of PCDDs with detectable levels for TEQ of
PCDFs in ascites was significantly linked with endometriosis (Fig. 5C;
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Figure | Distribution pattern of dioxins (A) and dioxin-like PCBs (B) in serum.

P=0.035) where the odds ratio was 2.5 (endometriosis versus
others; 95% confidence interval (Cl): 1.17-5.34).

TCDD and other AhR agonists, including dioxin-like PCBs, have
been shown to have anti-estrogenic or estrogenic activity, both
through the mechanisms of crosstalk between AhR and estrogen
receptor signaling pathways (Safe et al., 1998; Ohtake et al., 2003).
Thus, the majority of the biologically adverse effects of dioxins and
dioxin-like PCBs are through AhR-mediated mechanisms. Here, we
made a comparison of the top three level PCBs (i.e. PCB |18, PCB
26 and PCB 156) according to their anti-estrogenic or estrogenic
characteristics (Louis et al., 2005) using the TEQ exposure metric
(Van den Berg et al., 1998). There was no significant difference
between the endometriosis patients and the controls in the TEQ
levels of ascites and serum PCBs based on their biological activity
(Table IlI).

Discussion

It is still controversial whether dioxins are involved in the onset or
development of endometriosis as endocrine disruptors (Rier and
Foster, 2002; Anger and Foster, 2008; Bruner-Tran et al., 2008).
Animal models and laboratory studies have demonstrated that
dioxin exposure may be involved in the pathophysiology of endome-
triosis, whereas epidemiological investigations remain inconsistent
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(Rier et al., 1993; Cummings et al., 1996; Johnson et al., 1997; Guo,
2004; Foster, 2008). In the present study, we evaluated the concen-
trations of 29 dioxins in serum and peritoneal fluid simultaneously
and explored the possible link between the ascites LODs and the con-
currence of endometriosis. Our results show that in both serum and
ascites samples the total TEQ LOD and dioxin-like PCBs were not sig-
nificantly different between the endometriosis patients and the con-
trols (Table Il). The TEQ of PCDDs and dioxin-like PCBs in the
serum samples showed a close correlation with that in ascites
(Figs 3C and 4D—F); however, the TEQ of PCDFs in serum did not
relate to that in the ascites samples (Fig. 3D). We also found that
the TEQ of PCDDs showed a positive linear correlation with the
TEQ of PCDFs in the serum samples (Fig. 5A), whereas the total
TEQ of PCDDs and PCDFs in ascites showed distinct distribution pat-
terns (Fig. 5B). There was a significantly increased number of patients
with higher levels of both PCDDs and PCDFs in ascites in the endo-
metriosis group compared with the control group [odds ratio (OR):
2.5 (1.17-5.34), P = 0.035, Fig. 5C].

PCDDs, PCDFs and dioxin-like PCBs are ubiquitous environmental
pollutants that become concentrated in body fluids, such as plasma,
breast milk and follicular fluid (Tsutsumi et al., 1998; LaKind, 2007).
To our knowledge, this study is the first to analyze concentrations
of PCDDs, PCDFs and dioxin-like PCBs, a total of 29 chemicals, in
both serum and ascites samples from endometriosis patients and
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Figure 2 Distribution pattern of dioxins (A) and dioxin-like PCBs (B) in ascites.
Table Il Lipid-adjusted levels of dioxin-like PCBs, PCDDs and PCDFs in serum and ascites.
Serum levels Ascites levels
EM (n = 10) Control (n =7) P-value EM (n = 10) Control (n =7) P-value
PCDFs (10) 7.5+ 2.6 (51/100)* 6.9 +23(37/70) 061° 1.8+ 10.4 (10/100) 10.6 + 12.5 (6/70) 0.84°
PCDD:s (7) 8.6 + 3.2 (64/70) 74427 (34/49)  043° 0.5 + 0.5 (15/70) 0.3 + 0.4 (10/49) 0.89¢
Total (PCDDs + PCDFs) (17) 16.1 +£5.6 (115/170) 143 +3.1 (71/119) 0.51° 1224+ 10.5(25/170) 10.8 + 123 (16/119) 0.89°
Total non-ortho Co-PCBs (4) 4.1 + 1.6 31/40) 47 +£3.2(23/28) 08I 1.3 +3.9 (27/40) 2.1 +£7.5(20/28) 0.81°¢
Total mono-ortho Co-PCBs (8) 3.2 + 0.6 (80/80) 3.0+ 1.4 (56/56)  0.74° 7.4+ 2.9 (80/80) 7.4 +2.5 (56/56) 0.86°
Total Co-PCBs (12) 72+ 1.8 (111/120) 75439 (79/84)  0.54° 18.7 +5.3 (107/120)  19.3 + 9.7 (76/84) 0.74°

Data are presented as the mean + SD (pg TEQ/g lipid).
*Sample numbers over the LOD appear in brackets.
PStudent’s t-test.

“‘Mann—Whitney U—test.

controls. Because dioxins bioaccumulate over time, heavier women
have higher body burdens because of the lipophilic nature of chemi-
cals. Although apparently not statistically significant, the controls
tended to be older (36.4 versus 33.5; controls versus patients,
respectively) and have a higher mean BMI (22.8 versus 20.9; controls

versus patients, respectively). This tendency might possibly mask the
difference between the two groups. In this regard, we tried to find
correlations between dioxins and BMI as well as age, but no corre-
lations were found (data not shown). Congener profiles of PCDDs,
PCDFs and dioxin-like PCBs in serum in the present study were
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Figure 3 PCDDs and PCDFs in serum and ascites. When the total TEQ value was compared with serum and ascites samples, PCDDs in serum
were higher than those in ascites (A) (0.4 pg TEQ/g lipid versus 8.0 pg TEQ/g lipid), whereas PCDFs showed the reverse tendency but without
statistical significance (B). As for a linear correlation between the values of serum and ascites, no linearity was observed in either PCDDs (C) or

PCDFs (D).

similar to those in a previous report (Fig. |; Heilier et al., 2005). In our
study, the estimated mean total TEQ serum value of PCDDs, PCDFs
and dioxin-like PCBs was 23.3 pg TEQ/g lipid in the controls. This
value is lower than those reported by two Belgian research groups
in which the median values were 29.1 and 27 pg TEQ/g lipid
(Pauwels et al., 2001; Heilier et al., 2005, respectively). Our results
were slightly higher than those previously reported for other
Japanese infertile women by Tsukino et al. (2005); they measured
25 PCDDs, PCDFs and PCBs, and the median total TEQ in the con-
trols was 19.2 pg TEQ/g lipid, for which values lower than the LOD
were assigned zero as was done in the present study. Another Japa-
nese research group determined 29 dioxins and dioxin-like PCBs
from randomly selected groups of I31 men and 122 women, and
the median total TEQ serum values were 17 and 16 pg TEQ/g lipid,
respectively (Arisawa et al., 2003), which were lower than those in
the present study. These results could suggest that the dioxins and
dioxin-like PCBs were concentrated to higher levels in infertile
women and/or that the bioaccumulation of dioxins differ in the inves-
tigated areas.

In the present study, the estimated PCDDs level in ascites was sig-
nificantly lower than in serum (Fig. 3A), and the explored levels did not
show a significant association between ascites and serum (Fig. 3C).

Although the total TEQ values of PCDFs in ascites were higher than
in serum, but without statistical significance (Fig. 3B), the dioxin-like
PCBs showed statistically significant higher levels in ascites than in
serum with good correlation with each other (Fig. 4). Those results
may indicate that the filtration pattern of PCDDs in ascites was differ-
ent from that of PCDFs or dioxin-like PCBs (i.e. dilution in PCDDs and
concentration in PCDFs or dioxin-like PCBs). More detailed research
designed to disclose this mechanism is warranted.

Moreover, we found that simultaneous higher-levels of PCDDs and
PCDFs in ascites were closely associated with endometriosis
(Fig. 5C). The total TEQ value of PCDDs showed close association
with the TEQ value of PCDFs in serum (Fig. 5A), but in ascites
PCDDs and PCDFs showed distinct distribution patterns (Fig. 5B).
Statistical analysis by the y’-test showed that the higher TEQ levels
of PCDDs (higher than the mean concentration; 0.4 pg TEQ/g
lipid) with detectable TEQ levels of PCDFs in ascites was a risk
factor for the development of endometriosis [OR: 2.5 (1.17-5.34),
P=10.035). To our knowledge, the present study is the first to
demonstrate that PCDDs and PCDFs in ascites are closely linked
with endometriosis, especially when those levels were simultaneously
high. More detailed and focused epidemiological research is war-
ranted on this topic.
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Figure 4 Dioxin-like PCBs in serum and ascites. When the total TEQ value of dioxin-like PCBs was compared with serum and ascites samples, the
ascites level was significantly higher than the serum level (A), as it was in the non-ortho types (B) and the mono-ortho types (C). Regarding the linear
correlation between the values of serum and ascites, linearity was observed (D) for total PCBs as well as for the two compartments: non-ortho types

(E) and mono-ortho types (F).

The present study may be regarded as a pilot study considering the
small sample size. A power analysis for these samples (10 and 7
samples from the positive endometriosis and negative control
groups, respectively) using an ROC curve yielded 0.58 power (i.e.
underpower) to detect a difference of 0.3 between the area under
the ROC curve (AUC) for this analysis was done using the null hypoth-
esis of 0.5 and an AUC using the alternative hypothesis of 0.8 using a
two-sided z-test at a significance level of 0.05. Therefore, further vali-
dation studies with more samples are needed for this model. Numeric
analysis with a minimum sample size of 26 (13 each from the positive
and negative groups) would be needed to achieve an adequate power
(more than 0.8) to detect any significant difference.

Growing evidence has shown that peritoneal fluid microenviron-
ment regulates endometrial cells derived from retrograde menstrua-
tion and superficial endometriosis (Koninckx et al., 1998). There is a
concept that superficial endometriosis is regulated by peritoneal
fluid, whereas deep endometriosis is regulated by factors in the blood-
stream (Koninckx et al., 1998). Heilier et al. (2005) demonstrated
that PCDDs/PCDFs, and dioxin-like PCDDs in serum burdens are
associated with peritoneal endometriosis and deep endometriotic
(adenomyotic) nodules. PCDDs/PCDFs levels in the serum of
patients with deep endometriotic nodules were especially significantly

increased compared with controls and peritoneal endometriosis
(Heilier et al., 2005). In the present study, by laparoscopic examin-
ation, 9 of 10 patients (90%) were confirmed as having superficial
endometriosis, and only one patient was diagnosed as having a deep
adenomyoma, according to the criteria of Heilier et al. In this
context, our results may not have a detection power to find a differ-
ence in the serum TEQ levels of PCDDs and PCDFs between the
endometriosis patients and the controls (Table Il). However, the inci-
dence of both the higher levels of PCDDs and PCDFs in local ascites
were significantly increased in the endometriosis patients. These
results suggest that the PCDDs that escape to ascites, combining
the higher levels of PCDFs, may play an important role in the patho-
genesis of peritoneal endometriosis. On the other hand, there may
still be another possibility, where the elevated concentration of
PCDDs and PCDFs could have been the result from the modified
metabolism of the peritoneal microenvironment affected by existing
endometriosis.

The strengths of the present study include that we first established
the best clinical diagnostic means for endometriosis because the
patients and controls could be successfully diagnosed by laparoscopic
examination alone, and we subsequently used a high-resolution gas
chromatography/isotope-dilution mass spectrometry to determine
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Figure 5 Distribution of analyzed cases in PCDD and PCDF values of serum and ascites. Co-relations were analyzed between PCDD and PCDF
values in serum (A) (r=0.92, P < 0.001) and ascites (B) (r = 0.02, P = 0.93) denoting endometriosis patients as closed circles with control as open
circles. As noted in B, there is a significant association of simultaneous higher levels of PCDDs and PCDFs in ascites compared with endometriosis (C).
According to values in ascites, the subjects were divided into two groups, the higher-level group (PCDDs >0.4 pg TEQ/pg lipid with detectable
PCDFs TEQ levels) and the lower-lever group. The percentages of endometriosis are shown. Statistical analysis by the x*-test showed significant
association with endometriosis (P = 0.035), where the OR was 2.5 (endometriosis versus controls; 95% Cl: [.17-5.34).

Table 11l Biological activity-dependent comparisons of
top three PCBs between endometriosis and controls.

Control Endometriosis P-value
n=7) (n=10)
Anti-estrogenic 16.4 + 8.8 5.6 + 4.6 0.82%
PCBs in ascites
Estrogenic PCBs in 112+73 10.4 + 3.9 0.79%
ascites
Anti-estrogenic 6.3+ 3.5 59+ 1.7 0.63°
PCBs in serum
Estrogenic PCBs in 4.1 +27 36+ 1.5 0.81°

serum

Anti-estrogenic PCBs: PCB126, PCBI 18, PCBI56; estrogenic PCBs: PCB126; data
are presented as the mean + SD (pg TEQ/g lipid);

“Student’s t-test;

®Mann—Whitney U-test.

all 29 dioxin and dioxin-like compounds. We used infertile women
as controls, since it is practically and ethically inconceivable to
perform a diagnostic laparoscopy on normal healthy women as

controls. Therefore, the references in this study as well as the
present study itself should be read especially carefully while paying
attention to the biases and restrictions of each. In addition, as
another bias, the particular disease characteristics of endometriosis
should be kept in mind. Even though the laparoscopic findings of endo-
metriosis were negative, that alone would not necessarily guarantee
that the subject would not develop endometriosis at some time in
the future. This scope regarding disease character should be taken
into account in all such reports.

To our knowledge, the present study is the first to demonstrate that
PCDDs and PCDFs in ascites are linked with endometriosis. There-
fore, further studies of larger epidemiological samples with comp-
lement populations as controls are warranted. Our results suggest
that some dioxins in ascites likely play a role in the onset and exacer-
bation of endometriosis and reflect the changed intraperitoneal micro-
environment by the coexisting tissues of endometriosis.
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