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Table 1 Details of antibodies used in this study

Antigen Clone Product code Supplier Dilution Antigen retrieval

pS3 Mouse monoclonal DO-7 N1581 Duko cytomation 1:1 Microwave

ARIDIA Mouse monoclonal sc-32761 Santa cruz biotechnology 1:200 Microwave

PTEN Rabbit monoclonal. 138G6 #9559 Cell signaling 1:200 Microwave

HNF-1B Goat polyclopal sc-7411 Santa cruz biotechnology 1:400 Microwave

Annexind Rabbit potycional ab33009 Abcam 1:400 Microwave

WT-1 Mouse monoclonal, 6F-H2 M3561 Dako cytomation 1:25 Proteinase K, warm bath
Tal_)le 2 Clinical data of the 46 Age (5)

patients Mediun (range) 51122 1.8 years (range 28-91 years)

Subgroup, #{%)
Pure-type CCAs
Mixed-type CCAs

35(76.1%)
11 (23.9%)

Histological pattern of mixed-type CCAs, 7 (%)

CCAsand EAs
CCAs and SAs
€CAs and EAs and SAs

FIGO stage, 1 (%)
T

I

m

v
CCAs clear cell
adenocarcinomas, EAs
endometrioid adenocarcinomas,
SAs serous adenocarcinomas

Endometriosis, n (%), median age (y)
with endometriosis
without endometriosis

2(18.2%)
8(72.7%)
1(9.1%)

33(7L7%)
4(8.7%)
7(15.2%)
2(43%)

33 (73.9%), 94217 years .
12(26.1%), 55.5%4.7 years :

* P <0.012

divided into four categories: 0, negative; I, weakly posi-
- tive; 2, moderately positive; 3, strongly positive. The most
intensely staining slides were deemed to be the upper limit.
The quantity of cells stained was scored as follows: 0, no
staining; 1, 1-10 %: 2, 11-50 %:; 3, 51-80 %: 4 >80 % of
tumor nuclei stained. With p53 staining, the multiplied
immunoreactive score of 8-12 was considered strong
immunoreactivity, 4-6 was moderate, -3 was weak, and 0
was negative. Tt was previously indicated that all carcino-
mas with strong immunoreactivity (score 8-12) showed
P53 missense mutations, although some negative carcino-
mas (score 0) also revealed pS3 frameshift mutations [25].
For ARIDIA and PTEN, we defined loss of function as
negative nuclear staining by the multiplied immunoreactive
score, inversely with p33, because previous studies showed
that negative staining of ARID1A and PTEN demonstrated
gene mutation [20-24, 26, 27]. HNF-1B, Annexin 4, and
WT-1 were binarized as negative or positive, and immu-
nostaining in >30 % of tumor cells was positive [28-30].

Statistical analysis

The x* test and Student’s  test for unpaired data were used
for statistical analysis. Patient survival distribution was

calculated using the Kaplan-Meier method. The signifi-
cance of the survival distribution in each group was tested
by the log rank test. P < (.05 was considered to be sta-
tistically significant. All values were given as the
mean * SD.

Results
Patient characteristics

The characteristics of the study population are presented in
Table 2. Median age at diagnosis was 51.1 & 1.8 years
(range 28-91 years). Of the 46 tumors, 71.7 % were stage
I, 8.7 % were stage 11, 15.2 % were stage I, and 4.3 %
were stage IV (FIGO classification). Endometriosis was
histologically observed in 34/46 (73.9 %) of the cases.
Patients with endometriosis were aged 49.4 + 1.7 years,
whereas those without endometriosis were aged
55.5 =4 4.7 years, showing that those with endometriosis
were significantly younger (P < 0.012).

We identified 35 pure-type CCAs and 11 mixed-type
CCAs coexisting with serous or/fand endometrioid ele-
ments. Mixed-type CCAs coexisting with mucinous
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Table 3 Characteristics of

" Puare-type CCAs (total number; 35)
pure-type and mixed-type CCAs e o

FIGO stage, n (%)
1
i

it
v

Recurrence andéor dead, n

29 (82.9%) 3
3(8.6%) 0
2(5.7%) |
12.9%) 0

Existence of endometriosis, # (30), median age (y)

with endometriosi
without endometriosis

Mixed-type CCAs (total number: 11)

FIGO stage, n (%)
1

u
m
v
CCAs clear cell

adenocarcinomas, EAs
endometrioid adenocarcinomas,
SAs serous adenocurcinomas

with endometriosis
without endometriosis

29 (K2.9%), 49.1 £ L8 years o, 4
6(17.1%), 63462 years ___ "0 0
4(36.4%) 0
1(9.1%) 0
5 (45.5%) 3
1(9.1%) a

Existenee of endometriosis, n (%), median age (y)

5(45.5%), 51.0:£4.2 years
6 (54.5%), 46.3:5.4 years

—r

wE P < 0,005

adenocarcinoma were not observed in our cases. The
characteristics of pure-type and mixed-type CCAs are
presented in Table 3. In pure-type CCAs, patients with
endometriosis were younger than those without endome-
triosis (P < 0.005). In contrast, in mixed-type CCAs, there
was no correlation between age and endometriosis.

Immunohistochemical findings

In 46 cases, negative staining (score 0) of ARIDIA, strong
posilive staining (score 8-12) of p53, and negative staining
(score ) of PTEN were observed in 28 (60.9 %), 10
(21.7 %), and 2 (4.3 %) cases, respectively.

Positive staining of Annexin 4, HNF-1p, and WT-1 was
found in 38 (82.6 %), 36 (78.3 %), and 3 (6.5 %) of 46
cases.

In purc-type CCAs, the immunohistochemical results
are shown in Table 4. The negative staining of ARIDIA,
strong positive staining of p53, and negative staining of
PTEN were observed in 23 (65.7 %), 5(14.3 %) and 0
(0.0 %) of 35 cases, respectively. Positive expressions of
Annexin 4, HNF-18, and WT-1 were observed in 35
(100.0 %), 34 (97.1 %), and 0(0.0 %) 35 cascs, respee-
tively. Endometriosis was observed in 18 (78.3 %) of 23
cases with negative staining of ARIDIA, and in 4 (80.0 %)
of five cases with strong positive staining of p53.

The immunohistochemistry results of mixed-type CCAs
are demonstrated in Figs. 1 and 2. Two cases composed of
CCAs and EAs had negative staining of PTEN in both
areas of the CCAs and EAs (Fig. 2a-d). Eight cases
composed of CCAs and SAs had various expression pat-
terns. Negative staining of ARIDIA in areas of the CCAs

Table 4 Number of cases observed with altered expression by immunohistochemical analysis in pure-type CCAs

Total number of pure-type CCAs 35

Markers Altered Endomctriosis, # (%) in cascs Recurrences and/or deaths, n (%) Altered cxpression, 1 (%) in
expression, of altered expression in cases of altered expression 4 recurrence and/or dead cases
n (%)

ARIDIA 23 (65.7 %) 18/23 (78.3 %) 0/23 (0.0 %) 0/4 (0.0 %)

p53 5(14.3 %) 4/5 (80.0 %) 3/5 (60.0 %) 3/4 (75.0 %)

PTEN 000 %) 0 (0.0 %) 0 (0.0 %) 04 (0.0 %)

ARIDIA 129 %) 0/1 (0.0 %) 0/1 (0.0 %) 0/4 (0.0 %)

and p33

Annexind 35 (100.0 %) 29/35 (82.9 %) 4/35 (11.4 %) 4/4 (100.0 %)

HNF-1B 34 (97.1 %) 29/34 (85.3 %) 4134 (11.8 %) 4/4 (1000 %)

WT-1 0 (0.0 %) 0(0.0 %) 0 (0.0 %) 0/4(0.0 %)

CCAs clear cell adenocarcinomas
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Case Age Hystological ~ PTEN ARIDIA Annexind HNF-1p p33 WT-1 En
(years) type (Baf250a)
CCA EA CCA EA CCA EA CCA EA CCA EA CCA EA
l 59 CCA+EA
2% 60 CCA+EA :
CCA SA CCA SA CCA SA CCA SA CCA SA CCA SA
3* 51 CCA+SA
4 48 CCA+SA
5 37 CCA+SA
6 32 CCA+SA .
7 56 CCA+SA -
8 49 CCA+SA .
9% 28 CCA+SA B
10 6l CCA+SA B
CCA EA SA CCA SA CCA EA SA CCA EA SA CCA EA SA CCA EA SA
1 52 CCA+EA+SA

Fig. 1 Immunohistochemical characteristics in mixed-lype CCAs.
Positive immunostaining is demonstrated as plus, and negative as
minus. Abnormal expression is surrounded by red. EA endometrioid
adenocarcinoma, SA  scrous adenocarcinoma, respectively. En

was observed in 5/8 (62.5 %), and in one case among these
five cases positive staining of ARIDIA was found in SAs
(Fig. 2e~h). Strong positive staining of p53 in areas of the
SAs was found in 4 (50.0 %) of eight cases, and in one case
among of these four cases positive staining was observed in
both areas of the CCAs and SAs (Fig. 2i~1). The negative
staining of PTEN was not observed in all eight cases. One
case composed of CCA, EA, and SA had aliered expression
of Annexin 4 and p53 without endometriosis.

Overall, in pure-type CCAs, the frequency of endome-
triosis was high. There was no significant difference
between the involvement of endometriosis and expression
of each protein. However, in mixed-type CCAs, endome-
triosis was not found in any of the p33 strong positive
staining cases.

Patient prognosis

Of 35 patients with pure-type CCAs, 29 (82.9 %) had stage
I disease, 3 (8.5 %) had stage II, 2 (5.7 %) had stage III,
and 1 (2.9 %) had stage IV. In pure-type CCAs, the median
survival time was 65.5 months (range 31-194 months),
and recurrence and/or death occurred in 4/35 (11.4 %). In

endometriosis; plus surrounded with yellow indicates that endometri-
osis was observed; minus surrounded with green indicates that
endometriosis was not found. Asferisk recurrence and/or death

these 4 cases, negative staining of ARIDIA was not found;
however, strong positive staining of p53 was observed 3/4
(75.0 %) (Table 4). This indicated that altered expression
of ARIDIA and p33 showed contrary prognosis
(P < 0.001). .

Of 11 patients with mixed-type CCAs, 4 (36.4 %) had
stage I disease, 1 (9.1 %) had stage II, 5 (45.4 %) had stage
III, and 1 (9.1 %) had stage IV. In mixed-type CCAs, the
median  survival time = was 60.4 months (range
1-160 months) and recurrence and/or death occurred in
3/11 (27.3 %). In patients with recurrence and/or death, a
significant difference between prognosis and expression of
p53 and ARIDIA was not found.

Discussion

Recent pathological and molecular evidences have sug-
gested that endometriosis serves as a precursor of CCAs
[21, 31, 32]. In approximately 60 % of endometriosis-
associated EOAs including CCAs, the carcinomas are
adjacent to endometriosis or arise directly from atypical
endometriosis, suggesting that malignant transformation
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Fig. 2 Immunohistochemistry of mixed-type CCAs. a~d Case | of
Fig. 2 is presented. a, b In the area of CCAs, PTEN was negative in
the nucleus or cytoplasm of glandular cells. ¢, d In the area of EAs,
PTEN was negative in the nucleus or cytoplasm of glandular cells. e~
1 Case 10 of Fig. 2 is presented. e, [ In the arca of CCAs, ARIDIA

occurs in a subset of patients with ovarian endometriosis.
In our current study, endometriosis was also histopatho-
logically observed in 73.9 % of CCAs. Among pure-type
CCAs selected in this study, endometriosis was observed in
82.9 % of cases, and patients with endometriosis were
significantly younger than those without endometriosis.
These results show that endometriosis represents an
important site of the origin of pure-type CCAs. However,
endometriosis was observed in 45.5 % of mixed-type
CCAs, and there was no significant difference between the
ages of patients with and without endometriosis. Further-
more, as for the prognosis, the ratio of cases of recurrences
and/or deaths of mixed-type CCAs was higher than pure-
type CCAs. This demonstrated that difference of charac-
teristic between pure-type and mixed-type CCAs.

The p53 gene is the most frequently altered gene in
human cancer [25]. Recently, it was reported that mutation
of p33 was an important determinant of aggressive bio-
logical behavior, resulting in poor outcome of patients with
several types of cancer [33]. In contrast, changes in chro-
matin can influence the epigenetic regulation of many
genes, inducing transcription, DNA replication, and DNA
damage repair in cancer. Chromatin remodeling is essential

@_ Springer

was negative in the nucleus of glandular cells. g, b In the area of SAs,
ARIDIA was positive in the nucleus of glandular cells. i, j In the area
of CCAs, p53 was positive in the nucleus of glandular cells. k, 1In the
arca of SAs, p53 was positive in the nucleus of glandular cclls. a—
1 x 100, Scale bar 200 pm

for all nuclear activities, and ARIDIA is a chromatin
remodeling factor {24, 25]. ARIDIA is recognized as a
tumor suppressor gene and also provides a potential
approach to determine which of the numerous epigenetic
changes in cancer confer a sclective growth advantage. It
was previously reported that the AIRDIA mutation is an
early event in neoplastic transformation as well as p53 [22,
23, 34]. Importantly, the regulation of p53-rclated genes by
ARIDIA raises the possibility that ARIDIA molecularly
cooperates with p53 to inhibit tumor growth. Therefore, it
is possible that in non-transformed cells, ARIDIA and p53
collaborate as a pair of gatekeepers that prevent carcino-
genesis by transcriptional activation of tumor-inhibiting
downstream genes. Furthermore, it is thought that con-
current mutations in ARIDIA and p33 are not required for
carcinogenesis; in other words, both genes are mutually
exclusive in tumor [22].

With the exception of one case, our immunohisto-
chemical analysis demonstrated that in pure-type CCAs,
wmors with mutated ARIDIA contain wild-type p53 and
tumors with mutated p53 harbor wild-type ARID1A. Both
ARIDIA and p53 appear to be essential for fumor sup-
pression of pure-type CCAs, and concurrent mutations in
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CCAs+EAs

CCAs+8As

Endometriosis (+)

Fig. 3 Association between dysfunction of tumor suppressor genes
and endometriosis in mixed-type CCAs. This figure presents a concise
summary of mixed-type CCAs with altered expression of PTEN, p53,

both genes are not required for their carcinogenesis. Our
results also suggest that ARIDIA and p53 genes were
mutually exclusive in CCAs [22]. Interestingly, we found
altered expression of p53 and normal expression of
ARIDIA in pure-type CCAs with recurrence or death.
Conversely, we found altered expression of ARIDIA and
normal expression of p53 in pure-type with good progno-
sis. This result indicated that pure-type CCAs may be
divided into two subgroups with mutation in either
ARID1A or p53; these subgroups correlate with prognosis.
Henceforward, recognition of this subgroup of CCAs may
play an indispensable role in determining patient prognosis
and selecting the appropriate chemotherapy.

In this study. 11 cases were categorized by the present
pathological review into mixed-type CCAs. Immunohis-
tochemical results indicated that mixed-type CCAs could
be divided into at least four groups accompanied with
dysfunction of tumor suppressor genes, PTEN, ARIDIA
and/or p53, correlated with endometriosis: (1) In mixed-
type CCAs coexisting with EAs lacking PTEN function,
endometriosis was observed. This type of CCAs may have
the characteristics of EAs, indicating intratumoral betero-
geneity of CCAs. (2) In mixed-type CCAs coexisting with
SAs lacking ARIDIA function, endometriosis was
observed. Altered expression of Annexin 4 or HNF-1§ was
found. These characteristics of CCAs were observed in the
area of SAs, indicating intratumoral heterogeneity. (3) In
mixed-type CCAs coexisting with SAs lacking p53 func-
tion, endometriosis was not observed. In these CCAs,
ARIDIA function was preserved. Altered expression of

Endometriosis (-)

and/or ARIDIA. Mixed-type CCAs lacking PTEN and ARIDIA
function were associated with endometriosis. Mixed-type CCAs
lacking p33 function were not associated with endometriosis

WT-1 was found in the area of CCAs. These results
implied the intratumoral heterogeneity of CCAs showing
the characteristics of SAs. (4) In mixed-type CCAs coex-
isting with SAs lacking both ARIDIA and p53 function,
endometriosis was not observed. These findings indicated
intratumoral heterogeneity of CCAs that exhibited the
characteristics of both CCAs and SAs (Fig. 3). These
immunohistochemical results demonstrated that mixed-
type CCAs containing SAs with altered expression of p53
exhibited different carcinogenesis from other mixed-type
CCAs, independent of endometriosis. Furthermore, the
rates of altered expression of Annexin 4 and HNF-1p were
lower, and expression of WT-1 was higher than in pure-
type CCAs. These immunostaining results also led us to
infer that mixed-type CCAs have different characteristics
from pure-type CCAs.

Conclusion

We revealed that CCAs should be first divided into two
subgroups: pure type and mixed type. Furthermore, in
clinical practice, we must consider that it is necessary to
examine the molecular characteristics of individual CCAs.
CCAs must be categorized into three subtypes: pure-type
CCAs, CCAs with serous characteristics, and CCAs with
other histological characteristics. We must deal with CCAs
according to intratumoral heterogeneity, and these findings
may be applied to clinical treatment, including chemo-
therapy. Moreover, we should consider intratumoral
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heterogeneity because the difference in expression between
ARIDIA and p53 can influence the prognosis in pure-type
CCAs. A new chemotherapy strategy is necessary, based
on the expression of ARIDIA and p53, including molec-
ular targeting therapy. Detailed pathological review is
important to acknowledge the existence of other histolog-
ical types of EOAs. To the best of our knowledge, this is
the first study to show the immunohistochemical differ-
ences between pure-type and mixed-type CCAs, and the
first to mention the need for classification of CCAs to apply
to appropriatc chemotherapy according to clinicopatho-
logical heterogeneity.
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Embolization for post-partum rupture of ovarian artery
aneurysm: Case report and review
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Abstract

Spontangous rupture of an ovarian artery aneurysm most commonly presents with abdominal pain in a
multiparous woman in the early post-partum period. Aneurysms of the ovarian artery have been reported in
the published work very infrequently. In our case, a 31-year-old multiparous woman experienced sudden left
lower quadrant abdominal pain on the second post-partum day. Angiography showed rupture of a left ovarian
artery aneurysm, which was successfully embolized using gelatin sponge particles. The patient resumed
menstruation 3 months after the embolization and concurrently conceived, ultimately giving birth at term
without complications. Interventional radiology appears to be a highly safe and effective technique for
diagnosis and management of a ruptured ovarian artery aneurysm with minimal risk of impairing subsequent
fertility.

Key words: angiography, early post-partum period, fertility, ovarian artery aneurysm, transcatheter arterial
embolization.

weeks of gestation. Her pregnancy course had been
uneventful. In late pregnancy, her blood count showed
a white blood cell count of 11 700/mm’®, hemoglobin
10.7 g/dL, and platelets 270 000/mm®. She gave birth
to a healthy male infant weighing 2958 ¢ in a local

Introduction

Spontancous rupture of an ovarian artery ancurysm is
extremely rare; 21 cases have been reported in the
English-language published work during the past 5

decades. The episodes tend to occur during pregnancy
or in the early post-partum period. Here we report a
case of spontaneous rupture of the left ovarian artery in
the early post-partum period and also review the pub-
lished reports about this condition. Written consent
was obtained from the patient.

Case

A 31-year-old woman, gravida 6, para 4, with a history
of cesarean delivery 13 years ago, was transferred to
our University Hospital complaining of severe lower
abdominal pain 2 days after a vaginal delivery at 39

clinic, and the placenta was delivered spontaneously.
Examination following delivery revealed a minimal
tear of the cervix, which was repaired properly. The
estimated blood loss was 378 g.

On the second post-partum day, the patient experi-
enced sudden onset of abdominal pain in the left Jower
quadrant, and she was immediately transferred to our
hospital by ambulance. On arrival, she was alert but
appeared uncomfortable due to the pain. At the
initial physical examination, her vital signs indicated
body temperature, 37.1°C; heart rate, 92 b.p.m.; respi-
ratory rate, 16 breaths/min; and blood pressure,
96/56 mmHg. Abdominal examination showed left
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lower quadrant tenderness without rebound. Initial
laboratory test results indicated an elevated white
blood cell count of 16 700/mm” and a decreased hemo-
globin level of 7.9 g/dL. Ultrasonographic examination
of the abdomen and pelvis demonstrated no intraperi-
toneal effusion, but an 8-cm-diameter hematoma was
visualized inferior to the left kidney. Enhanced com-
puted tomography (CT) of the abdomen and pelvis
confirmed a massive hematoma inferior to the left
kidney that extended to the left retroperitoneal region
(Fig. 1). Tortuous vascular structures were observed
beside the hematoma and there was no extravasation.

A reformatted CT scan indicated that the tortuous
vessel was the left ovarian artery with an aneurysm
formation (Fig. 2). There was no indication of rupture
or dehiscence of the uterine scar from the previous
cesarean delivery on magnetic resonance imaging
(MRI) or ultrasonography, and there were no foci of
actual bleeding. Therefore, we selected expectant
management.

Six days after delivery, the patient’s hemoglobin
level decreased to 6.4 g/dL, and she received a blood
transfusion. Emergent angiography was undertaken to
locate the origin of bleeding. She underwent catheter-
ization through a right femoral approach with 4-Fr
catheters (Pig-tail, MIK, Duck head; Medikit) and a
2.5-Fr microcatheter (Renegerd-18; TARGET, Boston
Scientific). Angiography revealed the tortuous left

Figure 1 Abdominal computed tomography scan after
injection of iodine contrast media on admission at 2
days after delivery. Transverse plane showed a large
left retroperitoneal hematoma (arrows). Tortuous vas-
cular structures on the left side of uterus (arrow head)
suggested vascular aneurysm. No extravasation was
found in this image.
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ovarian artery with segmental dilatations, suggesting
that the ovarian artery aneurysms remained. Although
there was no extravasation of the contrast medium,
selective embolization of the left ovarian artery using
gelatin sponge particles was performed. After emboli-
zation, an angiogram showed complete exclusion of
the aneurysm, and the patient’s anemia stopped pro-
gressing. Follow-up study by ultrasound examination
revealed a shrinking left retroperitoneal hematoma.

The patient had an uneventful postoperative course
and was discharged 14 days after the embolization.
Enhanced CT 2 months after embolization demon-
strated a small hematoma in the retroperitoneal space,
and did not show any other aneurysm or vascular mal-
formation. She resumed menstruation 3 months after
the embolization, and she concurrently became preg-
nant. Twelve months after the embolization, an elective
cesarcan delivery was performed at 39 wecks of gesta-
tion in the local clinic. The post-partum period was
uneventful.

Figure 2 Reformatted computed tomography scan on
admission at 2 days after delivery revealed the left
torturous ovarian artery with aneurysm formation
(arrow).
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Discussion

The spontaneous rupture of an ovarian artery aneurysm
is extremely rare. Our review of the published work
revealed 21 cases of ovarian artery aneurysm dating
back to 1963, as shown in Table 1."* The age of the
subjects ranged from 23 to 69 years, and 14 of the 21
cases were associated with pregnaney. In 10 of those 14,
the rupture of the ovarian artery aneurysm occurred
within the first 5 days after delivery. In our case, the
patient had sudden onset of abdominal pain 2 days after
delivery, which is consistent with previous reports.

The physiology and anatomy of the cardiovascular
system dramatically change during pregnancy. The
enlarging uterus induces local fluctuations in blood
pressure in the aorta and ovarian arteries, and dilation of
the pelvic arteries occurs in conjunction with the
increased uterine blood flow. 1t is widely accepted that
involution of the uterus and the return of other genital
organs to their prepregnant state in the post-partum
period takes 3-4 weeks. Two mechanisms may be
involved with the formation of an ovarian artery aneu-
rysm during this time. First, failure of puerperal invo-
lution of a segment of ovarian artery after the pregnancy
may induce subsequent aneurysm formation.* Second,
there may be pregnancy-related changes in the vascular
walls.'* Ina combination of animal and human studies,
arterial changes were correlated with high levels of
circulating steroid hormones during pregnancy.” More-
over, all of the 14 previously reported cases that were
associated with pregnancy occurred in multiparous or
grand multiparous women, just as in our case, suggest-
ing that repeated pregnancy is a risk factor for the
development of an ovarian artery ancurysm.

In the present case, the ovarian artery aneurysm
during the post-partum period occurred on the left
side. However, it is notable that in previous reports, 11
of the 14 cases of aneurysm associated with pregnancy
were located in the right ovarian artery. Although the
cause of ovarian artery aneurysms during the post-
partum period remains poorly understood, there may
be a connection to the physiological rotation of the
gravid uterus. Post-partum uterine involution induces
a dextrorotated uterus to return to the normal
prepregnant position, and the associated physiological
changes may be involved in the formation of ovarian
artery aneurysms on the right side.

The rupture of an ovarian artery aneurysm should be
considered in cases of flank pain or abdominal pain in
the early post-partum period, and the diagnosis can be
confirmed by a reformatted CT scan. Selective angiog-

© 2014 The Authors
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raphy is a useful tool both to identify the bleeding from
the aneurysm and to manage the bleeding via
transcatheter arterial embolization (TAE). In eight of
the 21 cases, TAE of ovarian arteries was performed, as
shown in Table 1. In two of those eight, the emergent
laparotomy was performed following TAE and the
ovarian artery was ligated, because embolization was
unsuccessful. [n our case, the patient was discharged 14
days after TAE with an uneventful recovery. Over the
past 3 decades, the role of TAE has evolved from a
novel treatment to a major option in the management
of obstetric hemorrhage.” Interventional radiology has
maodified this attitude further by offering a minimally
invasive alternative of controlling active hemorrhage.

The impact of TAE on fecundity has not been
studied in great deail. Several studies have reported
cases with uneventful pregnancy outcomes™ and
the fertility of patients who underwent embolization
of uterine arteries does not appear to be statistically
different from that of the general population.” In our
case, the patient conceived 3 months after the embo-
lization, and uneventfully gave birth at term. There
are no studies evaluating the effect of ovarian artery
embolization on ovarian function. However, a
follow-up study of nontarget ovarian artery emboliza-
tion following uterine artery embolization suggests
that most patients do not develop ovarian failure.” To
the best of our knowledge, the present case is the first
report of a successful pregnancy following unilateral
ovarian artery embolization of a ruptured ovarian
artery aneurysm. Larger prospective studies are
required to understand fecundity following unilateral
or bilateral ovarian artery embolization.

In conclusion, the rupture of an ovarian artery ancu-
rysm should be suspected in a multiparous patient pre-
senting with flank pain or abdominal pain in the early
post-partum period. Interventional radiology is an
effective technique for both diagnosis and manage-
ment of a ruptured ovarian artery aneurysm, and it
may be the best option for patients who wish to pre-
serve their fecundity.
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Table 1 Reported cases of ruptured ovarian artery ancurysm

Reference Year Age Obstetric  Onset day of Side  Treatment Treatment outcome
(years) status pregnancy-related case
1 Caillouette and Owen' 1963 29 4G4P Post-partum day 2 Left  Laparotomy Success
2 Tsoutsoplides® 1967 35 6G3P Post-partum day 4 Left  Laparotomy Success
3 Riley? 1975 38 6G6P During delivery Right Laparotomy Success
4 Burnett and Carfrae! 1976 32 2G2r Post-partum day 4 Right Laparotomy Success
5 Jafari and Saleh® 1977 26 5G4P Post-partum day 1 Right Laparotomy Success
6 Mojab and Rodriguez® 1977 23 — Post-partum month 1 Right Laparotomy Success
7 Siuetall 1986 45 6G5P —_ Left  Laparotomy Success
8 Hagdall et al? 1989 31 4G3pP 39w of gestation Right Laparotomy Success
9 King’ 1990 36 5G5P Post-partum day 4 Right  Embolization Success
10 Belfortetal’ 1993 38 3G2P Post-partum day 0 Right Laparotomy Success
11 Guillem et al." 1999 38 3G2pP Post-partum day 4 Right Embolization Success
12 Blachar ef al.” 2000 38 12G11P  Post-partum day 3 Right Laparotomy Success
13 Panoskaltsis ef al.? 2000 37 4r 39w of gestation Left  Laparotomy Success
14 Manabe ot al M 2002 53 — — Left  Laparotomy Success
15 Nakajo et al.”® 2005 55 2G2r — Right Embolization Success
16 Kaleetal™ 2005 30 5G5P o Left  Laparotomy Success
17 Rathod et al.” 2005 40 — Post-partum day 0 Right Embolization Success
18 Poilblanc ef al."™ 2008 39 5G4P Post-partum day 5 Right Embolization Success
19 Kirk efal.® 2009 69 3G3r — Left  Embolization Success
20 Tsai and Lien® 2009 48 262pP — Left  Embolization and laparotomy Embolization was unsuccessful
21 Chao and Chen? 2009 46 aca2p — Left  Embolization and faparotomy  Embolization was unsuccessful
22 Our case 2014 31 6G4P Post-partum day 2 Left  Embolization Success

v 39 yanSexes
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Case of concurrent benign metastasizing leiomyoma
in the lung and retroperitoneum, with a focus on
its etiology
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Abstract

We report a rare, simultancous occurrence of benign metastasizing leiomyoma in the lung and
retroperitoneum in a 49-year-old woman who had previously undergone myomectomy at 35 years of age and
hysterectomy at 45 years of age for multiple recurrences of histologically benign uterine leiomyomas. At
49 years of age, computed tomography-guided biopsy indicated benign metastasizing leiomyomas in the lung.
In addition, a retroperitoneal leiomyoma was found that was resected along with both the ovaries via lapa-
rotomy. No sign or symptom of recurrence was observed 5 years later. The coexistence of benign metastasizing
leiomyoma in the lung and retroperitoneum following surgery for conventional leiomyomas has rarely been
reported. Further, the nature and etiology of benign metastasizing leiomyoma are still not well understood.
This case is therefore worth reporting, and exploring its etiology is important.

Key words: human, léiomyoma, lung, metastasis, retroperitoneal leiomyoma.

Introduction prognosis. However, due to their rarity, information on
their histological origin and detailed classification are

Uterine leiomyomas are the most common benign  lacking. As a result, no modern guidelines have been

gynecological smooth muscle tumors, and form a
single entity. However, some rare forms of leiomyomas
have unusual growth, such as benign metastasiz-
ing leiomyoma (BML), parasitic leiomyoma, intra-
venous leiomyomatosis and disseminated peritoneal
leiomyomatosis.! These rare growth patterns that
contain BML originate from a histologically benign
uterine leiomyoma. They are characterized by the pres-
ence of multiple smooth muscle nodules frequently
located in the lung, abdominal cavity, retroperitoneum,
muscular tissue, lymph nodes, blood vessels or even
the heart.'” The etiology of these tumors remains con-
troversial. Although these lesions have cancer-like
properties, they are slow-growing and have a favorable

devised for the treatment of BML.

Case Report

A woman had a history of multiple uterine
leiomyomas and a subsequent myomectomy at
35 years of age, in addition to a history of total abdomi-
nal hysterectomy because of recurrent multiple uterine
leiomyomas at 45 years of age. Pathological analysis of
the specimen had revealed a uterine smooth muscle
tumor without evidence of malignancy. Five years
later, at 49 years of age, she was found to have multiple
mass lesions in her lungs at a regular checkup. The
clinical examination was unremarkable, and the results

Received: November 12013,
Accepted: February 17 2014.

Reprint request to: Dr Toshimitsu Tohya, Department of Obstetrics and Gynecology, Kumamoto Rosai Hospital, 1670 Takeharamachi,
Yatsushiro, Kumamoto 866-8533, Japan. Email: sanfu-tohya@kumamotoh rofuku.go.jp

2010

© 2014 The Authors

Journal of Obstetrics and Gynaecology Research © 2014 Japan Society of Obstetrics and Gynecology

431




|

Figure 1 Computed tomography of the chest showing
multiple lung lesions. Several nodules are visible in
both lungs.

from routine laboratory examinations showed normal
results. Chest computed tomography (CT) showed
multiple solitary nodules in both lungs with maximum
diameters of 2 cm (Fig. 1). Positron emission tomogra-
phy (PET)/CT showed normal "F-fluorodeoxyglucose
uptake and did not indicate the presence of any malig-
nancy. Histological examinations of the samples
obtained in the CT-guided biopsy indicated benign
leiomyoma. Histopathological examinations of the
specimens  showed no abnormal mitotic  activity.
Immunohistochemical examination revealed that the
tumor cells were positive for desmin and smooth
muscle actin, while they were negative for CD34, c-kit
and S-100 (Fig. 2).

In the initial physical and pelvic examination, a firm
mass was also detected in the pelvic cavity. Pelvic CT
and magnetic resonance imaging showed a retroperi-
toneal mass measuring 4 cm x 1.5 cm at the left post-
erior aspect of the vaginal stump in continuity with
the vaginal apex (Fig. 3). Tumor markers, including
carcinoembryonic antigen, carbohydrate antigen (CA)-
19-9 and CA-125 were within the normal ranges.
Retroperitoneal mass excision and bilateral salpingo-
oophorectomy were performed by laparotomy. On
microscopic examination, the retroperitoneal and the
lung tumor specimens were not notably different.
Based on these findings, we diagnosed these lesions as

© 2014 The Authors
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Figure 2 Histological findings of the lung tumors (com-
puted tomography-guided biopsies) (hematoxylin-
eosin, original magnification x400). The tumor contains
spindle-shaped smooth muscle cells.

Figure 3 Magnetic resonance image showing a retroperi-
toneal mass measuring 4 cm x L5 cm at the left post-
erior aspect of the vaginal stump.

BML. There has been no sign of recurrence or other
symptoms in the following 5 years.

Discussion

Benign metastasizing leiomyoma is a rare cause of pul-
monary nodules in middle-aged women with a history
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of uterine leiomyoma. Approximately 100 such cases
have been reported in the published work,* but most of
these cases involved pulmonary BML alone. To our
knowledge, this is the first case of have been coexistent
pulmonary and retroperitoneal BML in Japan.

Benign metastasizing leiomyoma is characterized by
a histologically benign smooth muscle tumor originat-
ing from a uterine leiomyoma, with the development
of similar tumors in distant location. Histological
examination of the pulmonary nodules is essential for
the diagnosis of BML. In addition, CT-guided biopsies
are also now performed. CT examinations of the whole
body are important for detecting pulmonary nodules
and other lesions associated with this disease. Com-
paratively, PET examinations have shown negative
results in many cases. Before making a diagnosis of
BML, leiomyosarcoma or smooth muscle tumors of
uncertain malignant potential must be excluded. In
most cases, the morphological features and immuno-
histochemistry should be sufficient for identification,
however, the final diagnosis of BML should only be
made after a careful review of a substantial number of
samples obtained from the primary legion to exclude
even small foci of aggressive leiomyosarcoma.>®

There are no established treatments for BML because
of the limited number of cases reported. Although the
most effective management has not been established,
some practical options are present for managing BML.
These include careful observation of the clinical course,
surgical intervention, and/or chemical castration by
removing factors associated with estrogen stimulation
by using either bilateral cophorectomy or drugs such
as gonadotropin-releasing hormone agonist, progester-
one, selective estrogen receptor modulator or aroma-
tase inhibitor.® Currently, a class of antiprogestins
represents the most specific medical approach to tar-
geting a defined mechanism in leiomyomas.” Among
these options, careful observation of the clinical course
may lead to the best management of BML patients, as
they can have a benign indolent clinical course with
long-term stability.

The origin and the correct classification of BML
remain controversial owing to the obscure nature of the
pathogenesis of BML. Several hypotheses have been
proposed, one of which speculates that BML is a benign
lesion that has the potential for metastasis to the lungs
or other organs via a hematogenous route.® Consider-
ing most BML patients undergo myomectomy or
hysterectomy, the occurrence of surgically induced
hematogenous propagation of BML cells, which, unlike
their more aggressive counterparts, would propagate

2012

slowly and be detectable only after several years. A
study showed that the mean duration between the hys-
terectomy and the appearance of the lung lesion was
14.9 years, ranging from 3 months to 20 years.® Others
have argued that uterine lesions and the associated
BML are clonal proliferations, as it is generally recog-
nized that endometriosis can be found at distant
sites by the same process.® Recently, some interesting
studies have reported the etiology of BML. Awonuga
et al.,” who reviewed the published work to outline the
possible etiology of BML, found that BML may arise
from lymphatic or hematological metastasis, leading
to the coelomic metaplasia or intraperitoneal seeding.
This evidence that supports the mechanism of the
pathogenesis of endometriosis also may be applicable
to the pathogenesis of BML.

Other authors™” have reported on the role of stem
cells in human uterine leiomyoma growth. Each leio-
myoma is a benign monoclonal tumor that arises from
a single transformed myometrial smooth muscle cell;
however, it is not known which leiomyoma cell type
is responsible for tumor growth. These authors hypo-
thesized that a distinct stem/reservoir cell-enriched
population, designated as the leiomyoma-derived side
population (LMSP), is responsible for cell prolifera-
tion and tumor growth, and found that LMSP com-
prised approximately 1% of all leiomyoma and 2% of
all myometrium-derived cells. After resorting and
reculturing, LMSP gained full potential for prolifera-
tion. Intriguingly, xenografts that comprised LMSP and
unsorted myometrial smooth muscle cells grew into
relatively large tumors, whereas xenografts that
comprised the leiomyoma-derived main population
(LMMP) and unsorted myometrial smooth muscle
cells produced smaller tumors. LMSP xenografts
displayed significantly higher proliferative activity
compared with LMMP xenografts (P <0.05). They sug-
gested that LMSP cells, which have stem/reservoir cell
characteristics, are necessary for in vivo growth of leio-
myoma xenograft tumors.

According to the stem cell theory, it can be argued
that BML may originate from a stem cell-enriched
population of leiomyomas, indicating that despite the
complex nature of these disorders, the explanation for
their origin may be quite straightforward.

Our case suggests that, in patients with coexistent
pulmonary and retroperitoneal BML, from a clinical
perspective, we should perform careful follow-up.
From a biological perspective, we should analyze
the cell population of the associated tumors. Further
studies are needed to understand the unique etiology
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Preformed Wolffian duct regulates Miillerian duct elongation
independently of canonical Wnt signaling or Lhx1 expression

MASAHIKO CHIGA™?, TOMOKO OHMORI', TAKASHI OHBA?, HIDETAKA KATABUCHI?
and RYUICHI NISHINAKAMURA*

'Depariment of Kidney Development, Institute of Molecular Embryology and Genetics, Kumamoto University and
2Department of Obstetrics and Gynecology, Faculty of Life Sciences, Kumamoto University, Kumamoto, Japan

ABSTRACT The Miillerian duct gives rise to female reproductive organs, such as the oviduct and
uterus. During gestation, the Wolffian duct, which generates male reproductive organs and the
kidney, is formed, and the Miillerian duct then elongates caudally along the preformed Wolffian
duct. Anatomical separation of these two ducts in chick embryos demonstrated that the Wolffian
duct is required for Millerian duct formation. Likewise, a few reports supported this notion in mice,
including studies on Wnt8b mutant mice and Wolffian duct-specific Lhx? deletion. However, ana-
tomical ablation of the Woiffian duct has not been established in mice. In this study, we addressed
the importance of the interaction between these two reproductive ducts, by generating mice that
specifically expressed a diphtheria toxin subunit in the Wolffian duct. While this genetic ablation of
the Wolffian duct resulted in kidney hypoplasia/agenesis in both male and female mutant mice, the
female mutant mice lacked the uterus, which is derived from the Miillerian duct. At mid-gestation,
the Mallerian duct was truncated at the level where the mutant Wolffian duct was prematurely
terminated, meaning that Miillerian duct elongation was dependent on the preformed Wolffian
duct. However, Wnt3b expr in the Wolffian duct and the resultant canonical Wnt activity,
as well as Lhx1 expression, were not affected in the mutant mice. These resuits suggest that the
Wolffian duct regul Miillerian duct el ion by currently unidentified mechanisms that are
independent of canonical Wnt signaling or Lhx1 expression.

KEY WORDS: Wolfian duct, Miillerian duct, Wnt9b, Lhxl

It has been shown that a subset of human patients with uterus
hypoplasia display kidney hypoplasia (Oppelt et al., 2007; Woolf
and Allen, 1953). While the uterus and the kidney might partially
employ similar developmental programs, an interaction between
the precursor tissues may alsc be invelved in the formation of
these two organs. The reproductive organs in males and females
are derived from the Wolffian duct and Millerian duct, respectively
(Kobayashi and Behringer, 2003). The Waolffian duct (mesonephric
duct) is first detected at embryonic day (E) 8.5 in mice, and elon-
gates caudally until it reaches the cloaca by E10.5. At E10.5, the
ureteric bud stems out from the Wolffian duct, and contributes to
the formation of the kidney through a mutual interaction with the
metanephric mesenchyme (Nishinakamura, 2008). While most
parts of the Wolffian duct degenerate during development, the
epididymis and vas deferens in males are derived from the residual
Wolffian duct. The Mllerian duct (paramesonephric duct) emerges
at E11.5 as an invagination of the peritoneal cavity, and elongates
along the preformed Woiffian duct. The Miillerian duct elongation

is completed when it reaches the urogenital sinus at E13.5. The
Mullerian duct eventually forms the oviduct, uterus, and upper third
of the vagina in females, while it starts to degenerate in males
between E13 and E14 through the effects of Muillerian inhibiting
substance, which belongs to the TGF-p superfamily.

The elongation of the Mllerian duct depends on the preformed
Wolffian duct. In chicks, physical elimination of the Wolffian duct or
separation of the two ducts using aluminum foil or other methods
results inimpaired elongation of the Mllerian duct (Bishop-Calame,
1966; Kobayashi and Behringer, 2003). In mice, genetic deletion
of genes encoding transcription factors, such as Pax2, Lhx7, and
Emx2, results in absence of both the Wolffian duct and Miiilerian
duct (Miyamoto et al., 1997; Shawlot and Behringet, 1995; Torres
et al., 1995). Since these genes are expressed in both ducts, it is
difficult to discriminate whether the absence of the Miillerian duct
is caused by cell-autonomous requirements of these genes in the
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Miillerian duct or by non-cell-autenomous effects caused by loss
of the Wolffian duct. Indeed, Mullerian duct-specific Lhx7 deletion
revealed thatthis gene is required cell-autonomously in the Miiferian
duct (Huang et al,, 2014). The Millerian duct tip is considered to
contain progenitor-like cells with migratory capacity, which may be
responsible for the Miillerian duct elongation. Wolffian duct-specific
Lhx1deletion impairs not only Wolffian duct formation, but also Ml
lerian duct elongation (Kobayashi et al., 2005}, suggesting that the
non-cell-autonomaus requirement of the Wolffian duct for Mullerian
duct elongation also holds true in mice, although the factors that
mediate this Lhx1-dependent process remain unknown.

Wnit9b is expressed in the Wolffian duct and ureteric bud, and
evokes the mesenchymal-to-epithelial transition in neighboring tis-
sues (Carroll et al., 2005). Wnt9b in the ureteric bud induces the
metanephric mesenchyme to form kidney tubules, while that in the
Wolffian duct induces the surrounding mesenchyme to form the
Miillerian duct. Therefore, deletion of Wnt9b affects kidney forma-
tion, as well as Mullerian duct elongation. Since the formation of the
Wolffian duct is not impaired in Wnt9b mutant mice, Wntdb serves

£10.5

E11.5

E12.5

PO

as the only known paracrine molecule to date to explain the non-
cell-autonomous effects of the Wolffian duct against Miillerian duct
elongation. However, the precise mechanisms of Millerian duct
elongation remain largely unknown. Additionally, physical elimina-
tion of the Wolffian duct has not been tested in mice. Therefore,
we genetically ablated the Wolffian duct by Wolffian duct-specific
expression of a diphtheria toxin subunit, and examined the effects
on Miillerian duct elongation.

Results
Hoxb7Cre is specifically expressed in the Wolffian duct

Although Hoxb7Cre mice are widely used for gene deletion in
the Wolffian duct and its derivatives (Yu et al,, 2002), we first tried

R26-GFP-DTA Hoxb7Cre;R26-GFP-DTA

male

female

Fig. 1 {left). Hoxb7Cre is specifically expressed in the Wolffian duct. toTomato expression in Hoxb7Cre; R26-tdTomato mice at £10.5, 11.5, 12.5,
and PO. Left columns: bright-field images are partly overlaid with tdTomato signals (right columns). ep, epididymis; te, testis; ub, ureteric bud; vd, vas

deferens; wd, Wolffian duct. Scale bars (A-C), 200 umy; (D} 500 um.

Fig. 2 (right). Wolffian duct ablation causes organ abnormalities derived from both the Wolffian duct and Miillerian duct. {A) Male urogenital
organs in control (R26-GFP-DTA) and mutant (Hoxb7Cre; R26-GFP-DTA) mice at PO. The kidneys (ki} are absent and the epididymis (ep) is dilated. ad:
adrenal gland. Scale bar: 2 mm. {B) HE-stained frontal sections of the testes (te) and epididymis (ep). Scale bar: 200 um. (C) Female urcgenital organs
in control R26-GFP-DTA) and mutant Hoxb7Cre; R26-GFP-DTA) mice at PO. The kidneys (ki) and uterus (ut) are absent, while the ovaries fov] and
urinary bladder (b} are retained. Scale bar: 2 um. (D) HE-stained frontal sections of the ovaries. Scale bar: 50 um. {E} HE-stained frontal sections of

the oviducts. Scale bar: 20 um.
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to eliminate the possibility of ectopic activity, especially in the
Mullerian duct. We crossed Hoxb7Cre mice with a reporter strain
in which the CAG promoter, floxed stop sequences, and tandem
dimer Tomato (tdTomato) coding sequence were inserted into the
Rosa26locus (Madisen etal., 2010). AtE10.5, tdTomato expression
was specifically detected in the Wolffian duct (Fig. 1A). tdTomato
continued to be expressed in the Wolffian duct, as well as in the
kidney-forming ureteric buds, at E11.5 and E12.5 (Fig. 1 B,C), and
no ectopic signals were detected. In newborn (P0) males, tdTo-
mato was expressed in the seminiferous tubules, which connect
the testis to the excretory route (Fig. 1D). These results reflect the
spatially-restricted activity of Cre recombinase in Hoxb7Cre mice,
in that Hoxb7Creis specifically expressed in the Wolffian duct and
its derivatives during development. :

Wolffian duct ablation causes organ abnormalities derived
from both the Wolffian duct and Miillerian duct

To ablate the Woalffian duct genetically, we crossed Hoxb7Cre
mice with R26-GFP-DTA mice, in which floxed green fluorescent
protein (GFP) sequences and the diphtheria toxin A subunit (DTA)
coding sequence were inserted into the Rosa26 locus (lvanova
et al., 2005). Cre recombinase excises the GFP cassette, and
activates the downstream DTA, thereby efficiently eliminating the
Wolffian duct. The resultant newborn mice exhibited hypoplasia
or agenesis of the kidneys in all males and females examined
(n=4 for each), because the kidney is formed through reciprocal
interactions between the metanephric mesenchyme and the Woilff-
ian duct-derived ureteric buds (Fig. 2 A,C). The mutant male mice
(four of four) also showed significantly dilated epididymis (Fig. 2B),
although the cause of this phenotype remains uninvestigated. Ad-
ditionally, the mutant female mice (four of four) lacked the uterus,
cervix, and upper portion of the vagina, all of which are derived
from the Millerian duct (Fig. 2C). In contrast, the ovary and lower
portion of the vagina, which are not derived from the Millerian duct,
developed normally (Fig. 2D and data not shown). Thus, genetic
ablation of Wolffian duct-derived tissues caused defects in Mllerian
duct-derived organs in female mice. The intact oviducts (Fig. 2E)
were likely to result from residual formation of the Miillerian duct,
as described for Fig. 3.

Miiilerian duct elongation depends on the preformed Wolff-
fan duct

We further examined the elongation of the Wolffian and Miillerian
ducts during development. The Wolffian duct in control mice had
already elongated and reached the caudal region by E12.5, as
shown by Wnt9b expression (Fig. 3 A,B, left columns). However,
in Hoxb7Cre; R26-GFP-DTA mice, the Wnt9b-positive Wolffian
duct ceased to elongate at the level corresponding to the middle
portion of the gonads (Fig. 3 A,B, right columns), indicating suc-
cessful ablation of the Wolffian duct. This finding is consistent with
kidney agenesis observed in newborn mutant mice (Fig. 2 A,C),
because the ureteric bud that should be derived from the caudal
end of the Wolffian duct is likely to be absent. The residual forma-
tion of the Wolffian duct may reflect the possibility that not all of
the duct epithelial cells expressed Cre recombinase. Indeed, this
transgenic mouse strain uses only a 1.3-kb enhancer/promoter
of Hoxb7 to drive Cre (Yu et al., 2002). It is also noteworthy that
Wnit9b expression was retained in the residual Wolffian duct.

Next, we used an Lhx1 probe to visualize the Muilerian duct,

Wolffian duct ablation depleres Miillerian duct 665

and less weakly the Wolffian duct. At £E12.5, the Miillerian duct in
control mice wasin the elongation process, and reached the caudal
end by E13.5 (Fig. 3 C,D, left columns). However, elongation of
the mutant Miillerian ducts was halted at the same level where the
Wolffian ducts were terminated (Fig. 3 C,D, right columns). We
did not observe significant differences in this phenotype between
male and female embryos (n=12 at E12.5 and n=6 at E13.5), partly
because degeneration of the Miillerian duct started between E13
and E14. Thus, Mdilerian duct elongation was dependent on the
preformed Wolffian duct. Although Lhx7 in the Wolffian and Miil-
lerian ducts is essential for Millerian duct elongation (Huang et
al., 2014; Kobayashi et al., 2005}, the unaltered Lhx7 expression
observedin both ducts of the mutant mice indicates that loss of Lhx 1
expression is not the major cause of the Millerian duct defects.

Lhx1 expression is not affected in Miillerian duct epithelia
The caudal tip of the elongating Mitlerian duct is in physical

contact with the Wolffian duct. This tip region contains proliferating

progenitors that, at least partly, contribute to duct elongation (Orvis

[~ R26-GFP-DTA . | Hoxb7Cre;R26-GEP-DTA |

WntSh
E11.5

E12.5

thx1
E12.5

£13.5

Fig. 3. Mdallerian duct elongation depends on the preformed Wolff-
ian duct. (A,B) Whole-mount in situ hybridization of WntSh at £11.5 and
£12.5 in control (R26-GFP-DTA) and mutant Hoxb7Cre; R26-GFP-DTA)
embryos. The Wolffian ducts are prematurely terminated {arrowheads).
{C.D} Whole-mount in situ hybridization of Lhx1 at £72.5 and £13.5 in
controf and mutant embryos. The Miillerian ducts elongate up to the point
where the Wolffian ducts are terminated (arrowheads). Arrows: Miillerian
duct tips. Scale bar, 200 um.
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and Behringer, 2007). It is also reported that the tip cells exhibit
dynamic morphological changes, forming and retracting multiple
cytoplasmic extensions, which suggests a migratory activity of
the tip cells (Huang et al., 2014). Thus, we performed histological
examinations using sections of the tip region of the elongating
Miillerian duct at E12.5. Proliferation of the Millerian epithefia in

and 2.5x3.4% (204 cells counted) in control and mutant mice,
respectively (n=3 and n=4; p=0.27). In these experiments, Pax2
was co-stained to identify both the Wolifian and Mdllerian ducts.
Pax2 is important for Millerian duct development (Torres et al.,
1995), but its expression was not impaired in mutant embryos
(Fig. 4 B,C). Therefore, our data suggest that Millerian duct trun-

the mutant embryos was not significantly impaired, as measured
by bromodeoxyuridine (BrdU) incorporation (Fig. 4 A,B). The per-
centage of BrdU-positive Miillerian duct tips was 27.2+12.6% (455
cells counted) and 16.7+12.3% {262 cells counted) in control and
mutant embryos, respectively (n=4 and n=3; p=0.17). Very few

cation may be caused by other mechanisms, possibly including a
migration defect of the tip cells. Indeed, we noticed that the tip of

R26-GFP-DTA Hoxb7Cre;R26-GFP-DTA

apoplotic cells were detected in the Miillerian duct in both control
and mutant mice, while some apoptotic cells were detected in the
Wolffian duct (Fig. 4C). The percentage of TUNEL-positive cells
at the lip of the Millerian duct was 0.4+0.7% (163 cells counted)
R26-GFP-DTA Hoxb7Cre;R26-GFP-DTA
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Fig. 4 (left). Proliferation or survival is not affected in Miillerian duct epithelia. (A,B) BrdU (red) and Pax2 (green) staining in controf (R26-GFP-DTA)
and mutant (Hoxb?Cre; R26-GFP-DTA) embryos at £12.5. Significant proliferation defects are not observed in the mutant embryos. (C) TUNEL (red)
and Pax2 {green) staining in control (R26-GFP-DTA) and mutant Hoxb7Cre; R26-GFP-DTA) embryos at E12.5. Apoptotic ceils are not increased in the
mutant Millerian ducts. md, Millerian duct; wd, Wolffian duct. Scale bar, 20 um.

Fig. 5 [right). Lhx1 exp ion and | Wnt si are not affi d in the mutant Millerian tips. (A} Lhx1 staining (green) in control
(R26-GFP-DTA) and mutant (Hoxb7Cre: R26-GFP-DTA} embryos at E12.5. Lhx1 and Lef1 are co-stained, but each color is presented separately. Although
Lhx1 is expressed in hoth Wolffian and Muillerian ducts, the antibody that we used only stained the Miilferian duct, which may reflect the different
expression levels of the protein. (B} Lef1 staining fred) at £12.5. The same sections in {A) were subjected to double-staining. Note that Lef1 staining
is detected only in the Mdllerian duct epithelia, but not in the Woiffian ducts. {C} Merged images of Lax1 and Left staining. (D) pSmadi/5/8 staining
(blue signal) at E12,5. Nuclei were counterstained with Nuclear Fast Red. (E) Higher magnification of (D). Signals are undetectable in both the control
and mutant Millerian ducts. md, Millerian duct; wd, Wolffian duct. Scale bars, (A~C, E) 20 um, (D) 50 um.
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