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Figure 2

Representative immunohistochemical staining of 178-hydroxysteroid
dehydrogenase 1 (HSD17p1) in (A) normal endometrium (NE), (B)
endometrium with endometriosis (EE), (C) ovarian endometrioma (OE), and
(D) normal term placenta as a positive control. (E) The immunostaining
intensity of NE (n=19), EE (n=10), OE (n=23), and OE treated with
dienogest (OE w/D) (n=11) was scored with semi-quantitative index
H-scores. Areas shown at a higher magnification are indicated by
rectangles. Data are presented as meanss.e.m. P values are based on

an unpaired t-test. *P<0.05 and **P<0.01 versus OE.

the expression of HSD1731 mRNA compared with the
controls. However, DNG or P, did not significantly
suppress HSD17(82, HSD1787, HSD17812, STS, or EST
mRNA expression (Fig. 1B). In parallel with the mRNA
results, DNG (1077 M (P<0.01) and 105 M (P<0.01))
and P4 (10™% M (P<0.05), 1077 M (P<0.01),and 1075 M
(P<0.01)) significantly suppressed the catalytic activity
of HSD1781 (Fig. 1C).

Immunochistochemistry

Immunohistochemical analysis showed HSD1781
expression in the cytoplasm of epithelial cells and SCs
of NE (Fig. 2A), EE (Fig. 2B), and OE (Fig. 2C). The
immunostaining intensity of HSD1781 was greater in
OESCs when compared with NE (P<0.01) and EE

(P<0.01). Moreover, there was a significant reduction
in the immunostaining intensity in the OE w/D group
(P<0.05) (Fig. 2E).

Discussion

In this study, we demonstrated DNG-mediated inhibition
of mRNA expression, catalytic activity, and protein
expression of HSD17p1 in endometriosis. Taken together
with the previous findings that DNG inhibits aromatase in
endometriosis (Shimizu et al. 2011, Yamanaka et al. 2012),
DNG exerts comprehensive inhibition of abnormal
estrogen production by the inhibition of two key enzymes
that regulate estradiol production (Fig. 3). These actions
of DNG contribute, in part, to its therapeutic effect on
endometriosis.

In order to comprehensively examine the expression
patterns of estrogen-metabolizing enzymes in OESCs
compared with those in EESCs or NESCs, we employed a
three-dimensional spheroid culture system characterized
by multicellular aggregates of cells and extracellular
matrices. This culture system produces sufficient baseline
levels of proinflammatory factors (Enzerink et al. 2009,
Vaheri et al. 2009), and spheroids of human immortalized
endometrial epithelial cells (Shimizu et al. 2011) and
primary cultured OESCs (Yamanaka et al. 2012) express
higher levels of aromatase, COX2, and prostaglandin E,
compared with the corresponding monolayer cultures.
The results of this study indicated that HSD1781 localizes
in the cytoplasm of both epithelial cells and SCs. In OE,
however, the majority of cells are SCs. Thus, the OESC
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Figure 3

Scheme summarizing dienogest inhibition of estrogen production in
endometriosis. Dienogest inhibits both aromatase and 17f-hydroxysteroid
dehydrogenase 1 (HSD1781), the key enzymes in estradiol biosynthesis.
STS, steroid sulfatase; EST, estrogen sulfotransferase; HSD17p2,
17B-hydroxysteroid dehydrogenase 2.
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spheroids are considered to mimic the local environment
of enzyme expression.

In the spheroid-cultured OESCs, we detected very low
level of aromatase mRNA expression, whereas it was not
detectable in EESCs or NESCs. This is in agreement with
results from earlier studies, in which aromatase is only
detectable in studies using immunohistochemistry and
those using homogenized specimens just after sampling
but not in monolayer cultured cells (Kitawaki et al. 1997,
Dassen et al. 2007, Smuc et al. 2007). In OESCs, we detected
overexpression of HSD17B1 mRNA and protein levels,
responsible for activating estrogenic potency, whereas very
low levels of mRNA and protein expression were observed
in EESCs and NESCs. In contrast, the mRNA expression of
HSD17B2, responsible for weakening estrogenic potency,
was significantly lower in OESCs compared with EESCs
and NESCs. This balance between the expressions of the
two enzymes indicates that estradiol is more likely to be
produced in OESCs compared with eutopic endometrium,
which is concordant with results from previous studies
(Zeitoun et al. 1998, Matsuzaki et al. 2006).

Furthermore, the expression of STS, also responsible
for activating estrogenic potency, was significantly higher
in OESCs compared with EESCs and NESCs, which is also
consistent with previous findings (Utsunomiya et al. 2004,
Colette et al. 2013). Dassen et al. (2007) reported high STS
mRNA expression in both eutopic and ectopic endome-
trium, but no difference between the two tissues.

In contrast to the high levels of expression of STS, we
detected very low levels of mRNA expression of EST,
responsible for inactivating estrone in OESCs, whereas it
was not detectable in EESCs or NESCs. Colette ef al. (2013)
reported very low levels of EST mRNA expression in both
eutopic and ectopic endometrium, but found no differ-
ence between the two tissues. Utsunomiya et al. (2004)
showed that EST was expressed in the endometrium but
only during the secretory phase. In this study, we obtained
specimens during the proliferative phase to eliminate the
effect of P4. This balance of the STS and EST expression
indicates that estrone is more favorably produced in
OESCs as well as EESCs and NESCs during the proliferative
phase. The significance of the differences in expression of
STS and EST between these cells remains to be elucidated.

Using this experimental model, it was determined that
DNG significantly inhibited HSD1781 mRNA expression
and its enzyme activity at 1077 M in OESCs. These
concentrations are equivalent to the blood level of mice
administered 1 mg of DNG twice daily and patients
administered 2 mg of DNG daily (Meriggiola et al. 2002,
Sasagawa et al. 2008). The in vitro inhibitory effects of DNG

are supported by the in vivo data from this study,
demonstrating that DNG treatment for 3-5 months
resulted in decreased HSD17p1 protein expression in OE.

The conversion of estrone to estradiol is also mediated
though HSD1787 and HSDB12 as well as HSDB1 (Moeller &
Adamski 2006). DNG inhibited only HSD1781 but not
17HSDB7 or 12 mRNA expression, which indicates that
DNG reduces local estrogen production by the suppression
of HSD1781 in human OESCs.

We and other researchers have shown that the PR
is involved in the mechanism of DNG-inhibited cell
proliferation (Okada et al. 2001, Shimizu et al. 2009) and
the expression of inflammatory factors (Mita et al. 2011),
nerve growth factor, (Mita et al. 2014), and aromatase
(Yamanaka ef al. 2012). Although the HSD1781 gene lacks
a P4-responsive element in its promoter region, progestins
including DNG downregulated HSD1731 and upregulated
HSD17p2 expression in immortalized endometriotic epi-
thelial cells (Beranic & Rizner 2012). DNG inhibits the
DNA-binding activity of NF«kB, a key regulator of various
pathological and inflammatory responses in endometrio-
sis such as interleukin-8 production in human OESCs
(Horie et al. 2005, Shimizu et al. 2011, Yamanaka et al.
2012). Bulun proposed a vicious cycle of an estrogen-
dependent mechanism of endometriosis growth (Bulun
2009). Estradiol produced locally by aromatase stimulates
tissue growth of endometriosis and upregulates COX2 via
ERP activation. COX2 overexpression results in an excess
of prostaglandin E,, which further stimulates aromatase
expression via the orphan nuclear receptor steroidogenic
factor 1. Furthermore, ERP activation downregulates PR,
which leads to reduced induction of HSD1782 via retinoic
acid (Zeitoun et al. 1998). The combination of upregula-
tion of aromatase and downregulation of HSD17p2
contributes to the abnormally high levels of estradiol in
endometriotic tissue. In addition to inhibition of aroma-
tase, DNG inhibits HSD17B1, resulting in further
reductions in local estradiol concentration. This interrupts
the vicious cycle of endometriosis growth and also relieves
endometriosis-associated pelvic pain by inhibiting prosta-
glandin E, production. The effect of inhibiting HSD17p1
on endometriosis has been demonstrated (Delvoux et al.
2014) and several HSD17B1 inhibitors have been
developed and used in preclinical studies (Day et al.
2008, Poirier 2011). DNG is widely used in clinics to treat
endometriosis with fewer side effects. We believe that the
identification of the molecular mechanisms behind the
therapeutic effect of DNG described here will lead to better
understanding of the pathophysiology of endometriosis.
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mg Z T 5 &, A Fud Uitk OC/LEP 28 HRT £ D 13~6 52 &
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Hb
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7%, OC &fkoHiE4 v A 6.3 (95% FHEKM 4.6~9.8) 1Chf LT, #0 HRT
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SHBG : sex hormone-binding globulin, CBG : corticosteroid-binding globulin (it 16 &£ +) 2EE)
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Pc 280 Tu T H D, FEEERNCE L O E Mo MmEgER 2 i
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DETHD. '

0 40 B OFEREESERICEULTIE, SHBIChi M0 MiEE
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ORIGINAL ARTICLE

Clinical characteristics of catamenial and non-catamenial thoracic
endometriosis-related pneumothorax

Mizukl FUKUOKA,? MasaTosHI KURIHARA," TAKAHIRO HAGA,? HIRokl EBANA," HIDEYUKI KATAOKA,"
TERUAKI MIZOBUCHI" AND KoicHiIrRo TATSUMI?

'Pneumothorax Research Center and Division of Thoracic Surgery, Nissan Tamagawa Hospital, Tokyo, and ?Department of
Respirology, Graduate School of Medicine, Chiba University, Chuo-ku, Chiba, Japan

ABSTRACT

Background and objective: A major pathogenic
factor for catamenial pneumothorax is thoracic endo-
metriosis. However, thoracic endometriosis-related
pneumothorax (TERP) can develop as either
catamenial or non-catamenial pneumothorax (CP).
Therefore, the aim of this study was to elucidate the
clinical differences between catamenial and non-
catamenial TERP.

Methods: The clinical and pathological data in
female patients who underwent video-assisted
thoracoscopic surgery at the Pneumothorax Research
Center during an 8-year period were retrospectively
reviewed. This study included 150 female patients with
surgico-pathologically confirmed TERP. The subjects
were divided into two groups, those having all of the
pneumothorax episodes in the catamenial period
(CP group) and those who did not (non-CP group). We
compared the clinical characteristics and surgico-
pathological findings between these two groups.
Results: Of the 150 TERP patients, 55 (36.7%) were
classified in the CP group, and 95 (63.3%) in the non-CP
group. In regard to the locations of endometriosis, all
TERP patients had diaphragmatic endometriosis,
while pleural implantation was recognized in 34 of the
55 (61.8%) patients in the CP group and 42 of the 95
(44.2%) patients in the non-CP group (P < 0.05).
Conclusions: A significant difference in the propor-
tion of patients with pleural endometriosis was
observed between catamenial and non-catamenial
TERP. The ectopic sites of the endometriosis may
be responsible for the timing of the pneumothorax
episodes.

Key words: catamenial pneumothorax, endometriosis, pneu-

mothorax, spontaneous pneumothorax, video assisted
thoracoscopic surgery.
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Abbreviations: CP, catamenial pneumothorax; TERP, thoracic
endometriosis-related pneumothorax; VATS, video-assisted
thoracoscopic surgery.

INTRODUCTION

Catamenial pneumothorax (CP) had been considered
to be an unusual condition, but with increasing inter-
est in this disease, it has been reported more fre-
quently, and is now considered to account for 20-30%
of the cases with primary spontaneous pneumotho-
rax in females of reproductive age.'? CP is generally
defined simply as a recurrent pneumothorax occur-
ring between the day before and three days after the
onset of menstruation.* The pathogenesis of CP is
mainly related thoracic endometriosis.*® Thoracic
endometriosis-related pneumothorax (TERP) is the
term used to refer to a pneumothorax accompanied
with thoracic endometriosis.

Until recently, TERP had been considered to
manifest only as CP. However, Alifano et al. reported
that one-third of TERP cases presented in the
intermenstrual period.” Thus, TERP can develop as a
CP as well as a non-CP. There have been only a few
reports of non-catamenial TERP (the report by
Alifano’s group and our group), thus the clinical char-
acteristics of non-catamenial TERP have not been
clarified.”® The purpose of this study was to clarify
the characteristics of this condition and to speculate
on the pathogenic mechanism underlying non-
catamenial TERP by comparing it with catamenial
TERP. '

Respirology (2015) 20, 1272-1276
doi: 10.1111/resp.12610
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METHODS

Study population

The clinical and pathological files of all female patients
who underwent video-assisted thoracoscopic surgery
(VATS) in the Pneumothorax Research Center for sur-
gical treatment of spontaneous pneumothoraces
during the 8-year period from January 2005 to Decem-
ber 2012 were reviewed retrospectively. All surgeries
were performed as by VATS under general anaesthesia.
No patients underwent thoracotomy. We included 150
females who had surgico-pathologically confirmed
TERP. During surgery, we searched the thoracic cavity
systematically with a thoracoscope for bullae and
blebs, diaphragmatic abnormalities (holes and
nodular lesions) and nodular lesions in the thoracic
wall (Fig. 1). We resected the abnormalities of the dia-
phragm, lung and thoracic wall where endometriosis
was suspected during VATS. In addition, we covered
the resected areas with oxidized regenerated cellulose
mesh (Surgicel Johnson and Johnson, Inc., New
Brunswick, NJ, USA) to prevent any recurrence and to

1273

also reinforce the visceral pleura. The resected lesions
were histopathologically confirmed as thoracic endo-
metriosis when the endometrial glands or stroma were
positively stained for estrogen/progesterone recep-
tors or CD10.

We asked all of the patients with TERP about the
temporal relationship between the pneumothorax
episodes and menses to divide them into a CP group
and a non-CP group. We defined the date of pneumo-
thorax as the date of the onset of chest symptoms
(chest pain, difficulty of breathing, or some respira-
tory discomfort). We confirmed the presence of pneu-
mothorax by chest X-ray examinations. We carefully
determined both the pneumothorax date and men-
struation date by interview with the patients during
each visit to our clinic. The data of the patients with
recurrence after surgery were not included in the
analysis. We defined the CP group as those having all
of the pneumothorax episodes during the catamenial
period (i.e. from the day before to within three days
after the onset of menstruation™), with the remaining

‘patients classified as the non-CP group.

Figure 1 The thoracoscopic views of endometrial implants on the tendinous part of the right diaphragm (A), on the visceral pleura (D),
and on the parietal pleura (G). Blue-brown implants (A), small bulla (D), and tiny lucent nodules (G) were detected. Endometrial glands
and/or stroma were detected in the resected specimens (hematoxylin-eosin) (B, E, H). These glands and/or stroma exhibited nuclear
staining for estrogen receptors (C, F, 1).

© 2015 Asian Pacific Society of Respirology

Respirology (2015) 20, 1272-1276
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For the patients with catamenial and non-
catamenial TERP, we compared the age, pneumotho-
rax side, height, body weight, smoking habits, history
of pelvic endometriosis, value of serum CA125,
number of pneumothorax episodes before surgery,
duration of follow-up after surgery and the postop-
erative recurrence rate. Furthermore, we compared
the locations of endometrial implants in the thoracic
cavity between the CP and non-CP groups. The study
was approved by the institutional review board of
Nissan Tamagawa Hospital (approval number
14-015).

Statistical analysis

The quantitative data are presented as the
means + SD. The differences between the patients
with catamenial and non-catamenial TERP were ana-
lysed using the chi-square test for categorical vari-
ables and Student’s ¢-test for quantitative variables. A
value of P<0.05 was considered to be significant. A
statistical software package (JMP version 10.0.2; SAS
Institute; Cary, NC, USA) was used for the statistical
analysis.

RESULTS

During the 8-year period, a total of 714 females with
spontaneous pneumothoraces underwent VATS in
our centre. One hundred and fifty (21.0%) of the 714
patients were diagnosed as having TERP.

A total of 570 pneumothorax episodes had occurred
in the patients with TERP before the surgery, giving a
mean of 3.8 + 2.3 episodes per patient. Figure 2 shows
the distribution of the pneumothorax episodes
according to the menstrual cycle. The relationship
between the day of episodes and menstruation was
available for 288 episodes (50.5%). A total of 180
(59.4%) of the 288 episodes developed during the
catamenial period.

Of the 150 patients with TERB 55 (36.7%) were classi-
fied as the CP group, and the remainder (95/150, 63.3%)
were classified as the non-CP group. Table 1 shows the
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Figure 2 The distribution of pneumotho-
rax episodes in the TERP patients. The
red bars indicate catamenial pneumotho-
rax; the pneumothorax that occurs
between 24 h before and 72 h after the
initiation of menses. Day 1 means the day
of onset of menstruation. Day -1 means
the day before the onset of menstruation.

clinical characteristics of each group. It should be noted
that all but one of the patients developed a right-sided
pneumothorax. The patients in the CP and non-CP
groups showed similar clinical features.

Table 2 shows the ectopic sites of thoracic endome-
triosis in each group. All of the TERP patients had
endometrial implants in the diaphragm. Thirty-four
of the 55 (61.8%) patients in the CP group and 42 of
the 95 (44.2%) patients in the non-CP group had
implants not only in diaphragm, but also in the
pleura. This difference was statistically significant
(P <0.05). Endometriosis in the visceral pleura was
observed in 22 of the 55 (40%) patients in the CP
group and 30 of the 95 (31.5%) patients in the non-CP
group (P = 0.30).

DISCUSSION

We found that diaphragmatic endometriosis was
detected in all of the patients with TERP, and that
pleural endometriosis was also detected in some of
them. As proportion of patients with endometriosis in
both the diaphragm and pleura was significantly
higher in the CP group than in the non-CP group, the
ectopic sites of endometriosis may be related to the
timing of pneumothorax episodes.

The pathogenesis of thoracic endometriosis has
been explained by the following three theories: (i)
Migration: the migration of pelvic endometriosis
through the peritoneum to the diaphragm.® (ii)
Embolization: transplantation of pelvic endometrio-
sis through lymphatic or vascular embolization.™ (iii)
Metaplasia: coelomic metaplasia of epithelium in
the thorax." The fact that most of the cases of TERP
develop in the right-side lung supports the migration
theory.’*?* The presence of intrapulmonary endome-
triosis  supports the embolization theory.?
Metaplasia to endometrial tissue has been reported
in patients with ectopic endometriosis other than in
the thorax.” Therefore, this phenomenon is also
considered to have occurred in the thoracic cavity. In
the present study, thoracic endometriosis was
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Table 1 The characteristics of the study population

1275

Patients with Patients with

Patients with catamenial non-catamenial
TERP TERP TERP
n= 150 n=>55 n=295 P-value
Age (years old) (range) 38.3+5.2(24-50) 38.4+4.8(29-47) 38.3+5.6(24-50) 0.91
Side of pneumothorax
Right 149 (99.3%) 55 (100%) 94 (98.9%) 0.45
Left 1(0.7%) 0 1(1.1%) 0.45
Height (cm) 159.3+5.3 159.3 £ 5.4 159.3+ 5.2 0.96
Weight (kg) 49.5+5.8 50.6 £5.3 49.0£6.0 0.10
Smoking habit
Current/former smoker 3 (8.7%) 7 (12.7%) 6 (6.3%) 0.18
Non-smoker 137 (91.3%) 48 (87.3%) 89 (93.7%) 0.18
The number of patient with a history of pelvic 83 (565.3%) 31 (56.4%) 52 (54.7%) 0.85
endometriosis
The value of serum CA125 (U/mL) 31.14£34.8 29.0 £30.6 33.1+37.8 0.51
The number of preoperative pneumothorax episodes 3724 34123 40+2.4 0.13
Postoperative follow-up period (months) 28.4+20.0 26.0 £ 18.1 29.4 +22.0 0.33
The number of patients with recurrence after surgery 51 (34.0%) 20 (36.4%) 31 (32.6%) 0.84

There were no missing data for any of these variables. The data are presented as number (%) or the mean £ SD. The P-values were
calculated by comparing the patients with catamenial and non-catamenial TERP.

Table 2 The ectopic sites of thor

acic endometriosis in patients with catamenial and non-catamenial TERP

Patients with Patients with

catamenial non-catamenial
TERP TERP
n=55 n=295 P-value
Thoracic endometriosis in the diaphragm 21 (38.2%) 53 (55.8%) <0.05
Thoracic endometriosis in the diaphragm and pleura 34 (61.8%) 42 (44.2%) <0.05
Thoracic endometriosis in the diaphragm and visceral pleura 16 (29.1%) 18 (18.9%) 0.15
Thoracic endometriosis in the diaphragm and parietal pleura 12 (21.8%) 12 (12.6%) 0.14
Thoracic endometriosis in the diaphragm, visceral and parietal pleura 6 (10.9%) 12 (12.6%) 0.75

All of the patients had thoracic endometriosis in the diaphragm, while some of them also had endometriosis in the pleura (visceral,
parietal or both). The P-values were calculated by comparing the patients with catamenial and non-catamenial TERF.

observed to involve predominantly the right lung
with diaphragm and pleura deposits. Recently,
Legras etal reported 229 female patients with
pneumothoraces, including 54 TERP patients, which
had a distribution of thoracic endometriosis similar
to our study (53 (98.1%) had a right-sided pneumo-
thorax, 52 (96.3%) had endometrial implants in the
diaphragm and 11 (12.2%) had endometrial implants
in the pleura®). Thus, TERP was speculated to
develop largely due to the migration of pelvic endo-
metriosis through defects in the right diaphragm.
Furthermore, endometrial cells do not stay still on
the diaphragm but progress to disseminate to the
dorsal thoracic wall or pleura.

Our study showed that pleural endometriosis
tended to occur more frequently in the CP than
non-CP group. We thought that the timing of pneumo-
thorax episodes with TERP probably varied because
air from outside entered through two different
passages: the transdiaphragmatic passage and

© 2015 Asian Pacific Society of Respirology

transpleural passage. Endometriosis in the visceral
pleura may cause a pneumothorax to occur during the
early menstrual period, because the lung surface with
sloughing endometriosis is directly broken.’®® To
cause transdiaphragmatic passage, air from outside
needs to overcome three different blockades: the
cervix of the uterus, ovarian tubes and diaphragm.'” All
three of these are ordinarily closed, but when these
blockades fail for some reason at the same time or one
after another, TERP can develop in the intermenstrual
period. Another possible explanation for the develop-
ment of non-catamenial TERP is as follows: (i) Non-
catamenial TERP may originally be a mild disease,
hence the onset of chest symptoms may possibly be
delayed. (ii) For the patients with pneumothorax due
to the transdiaphragmatic passage of air, it seems
likely that the pneumothorax developed more gradu-
ally than in patients in whom pneumothorax devel-
oped due to the transpleural passage of air, hence the
date of presentation may be less precise.
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