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Fig. 1 PES and OS association with DTH after WT1 vaccination.
a The PFS tended to be longer in positive DTH cases than in DTH-
negative cases (p = 0.23 by the log-rank test). b The OS was

Jzumoto et al. 2008; Ohno et al. 2009). In this current phase
II trial, we have tested the efficacy and safety of WTI
immunotherapy for gynecologic malignancies that were
progressing, that 1is, resistant against conventional
therapies.

In general, gynecologic tumors, including ovarian,
endometrial and cervical carcinomas and uterine sarcomas,
are very difficult to further treat, once the disease become
resistant to conventional therapies such as chemotherapy or
radiotherapy. For example, when ovarian carcinoma is first
treated with cytoreductive surgery, the surgery is imme-
diately followed by combination chemotherapy with pac-
litaxel and carboplatin (TC). If there is a failure of this first-
line treatment, a single drug or combination chemotherapy
for the recurrent disease, chosen based on the patient’s
treatment-free interval, can still be performed effectively in
some cases (Koensgen et al. 2008; Markman et al. 2003;
Harries and Gore 2002; Dizon et al. 2003). However, even
though some third-line regimens have been reported to be
occasionally effective for second relapses of some of these
advanced stage diseases (Vergote et al. 2009; Chiyoda
et al. 2010); the efficacy of each attempt becomes pro-
gressively lower as the number of previous treatment
failures increases.

In the present study, the median number of the previous
treatment regimens was 3 (range 1-11 treatments). Since
all of the patients in the present trial had exhibited resis-
tance to previous therapies, normally supportive care
would have been considered as the only remaining option
for them; however, the experimental WT1 vaccination
immunotherapy was offered to them as an alternative.

A previous small study showed that stable disease was
achieved by WT vaccination in 3 (25 %) of 12 gynecologic
malignancies (Ohno et al. 2009). However, that study was
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significantly longer in positive DTH cases than in DTH-negative
cases (p = 0.023 by the log-rank test). Solid line: DTH (plus), broken
line: DTH (minus)

so small that a survival effect was not analyzed. The
response rate (CR + PR/all) in our study was 0 % (0 of 40
cases). However, the disease control rate (CR + PR + SD/
all), which corresponds to disease stabilization lasting at
least 3 months from the start of the vaccination, was 40 %
(16 of 40 cases). The median PFS was 84 days (11-497),
and the median OS of all the patients was 193 days
(29-941). Considering that these cases were resistant to
various kinds of therapies, and the diseases were pro-
gressing prior to the vaccination, these results of disease
control rate and PFS time may be favorable, and were
consistent with results of the previous smaller study that
suggested the therapeutic potential of WT1 vaccine for
gynecologic malignancies. Furthermore, surprisingly, in
these SD cases, whose tumors had continuously progressed
against previous therapies during the median of 185 days
of treatments (range 40-1,198 days), the disease was
durably controlled, without significant progression of the
disease, for the median of longer than 160 days (range
67-427 days) after starting the WT1 immunotherapy
(Table 2), implying an improved survival effect of the
WT1 peptide vaccine. The adverse effect by the WT1
peptide-based immunotherapy with the dosage and sche-
dule adopted here was limited and largely tolerable.

We next investigated the association of DTH and the
efficacy of the WT1 immunotherapy. The OS of the
patients with a positive DTH reaction was significantly
better than that of those with a negative DTH reaction
(p = 0.023 by the log-rank test) (Fig. 1). Moreover, the
DTH reaction was demonstrated to be an independent
factor for overall survival of the patients by multivariate
Cox proportional hazards analysis (Table 3). These find-
ings suggested that the induction of WT1-specific immune
response, that is, the peptide-specific DTH, is a potential
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Table 3 Multivariate Cox proportional hazards analysis on overall
survival

Variable Number  Adjusted 95 % CI p value
of cases HR
Age (years) 0.44
<60 24 1
>60 16 0.64 0.21-1.96
Origin of the disease 0.75
Uterus 16 1
Ovary 24 1.17 0.44-3.14
Histology 0.98
Carcinoma 35 1
Sarcoma, 5 0.99 0.28-3.42
carcinosarcoma
Evaluation of the 0.39
previous therapy
SD 4 1
PD 36 1.88 0.46-7.71
Number of previous 0.034
therapy regimens
<3 12 1
>3 28 428 1.12-16.37
DTH 0.043
+ 27 1
- 13 2.73 1.04-7.19

Multivariate Cox proportional hazards analysis (stepwise method) for
the factors including age, origin of the disease, histology, evaluation
of the previous therapy, number of previous therapy regimens and
DTH was performed to evaluate whether DTH was an independently
significant factor on OS

SD stable disease, PD progressive disease

predictor for the induction of clinical response, leading to a
better prognosis.

The number of previous treatment regimens was also
demonstrated to be an independent factor for survival
prognosis after WT'1 immunotherapy. The response rate of
the first-line chemotherapy was quite high for ovarian car-
cinoma, however, that of second-line and the third-line
chemotherapy was 34.5 and 27.5 %, respectively (Nishio
et al. 2006). Effectiveness of WT1 was demonstrated to be
associated with the number of previous treatment regimens,
which was similar to that of the cell toxic chemotherapy. As
the number of chemotherapy regimen increases, the tumor
cells are considered to become resistant to the next line
therapy. Furthermore, immunological potentials of the
patients treated by chemotherapy with many courses might
be dampened, leading to the poor response to the adminis-
tered cancer vaccine. WT1 peptide vaccination soon after the
first-line therapy, including the vaccination to prevent
relapse after the operation, chemotherapy or radiation ther-
apy, may be a favorable setting for the next clinical trial.

@ Springer

In the present phase II prospective study with a single
arm, we have, for the first time, analyzed the survival effect
of the WT1 vaccine for gynecologic malignancies, in
addition to its anti-tumor effect conventionally evaluated
by RECIST and toxicity, which had previously been
reported in a smaller pilot study (Ohno et al. 2009). It was
strongly suggested that WT1 peptide vaccination could
induce the peptide-specific immune response in patients
whose gynecological tumors have become resistant to
conventional therapies, leading to a better survival. Larger
two-arm randomized studies will be required to confirm the
efficacy and clinical usefulness of the WT1 peptide vaccine
for gynecologic malignancies.
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pared with platinum-sensitive tumors, prognosis is poorer for
tumors that are (or become) platinum-resistant; for these
tumors, other chemotherapeutic drugs also tend to be less
effective. For example, an efficacy of 81% has been demon-
strated for chemotherapy regimens that include platinum
drugs for treatment of ovarian serous adenocarcinoma
(SAC), the most common subtype of ovarian carcinoma;
however, the efficacy of these regimens is only 18% for ovar-
ian clear cell carcinomas (CCC), which are frequently resist-
ant to multiple drugs.” Compared with advanced SAC, the
clinical prognosis of patients with similarly advanced CCC is
markedly worse largely because of the considerably higher
rate of recurrence after CCC treatment.””! Therefore, deter-
mining the mechanism underlying platinum resistance may
aid in identification of therapeutic targets for platinum-
resistant tumors such as CCC. Studies using proteomic
screening approaches have previously demonstrated overex-
pression of Annexin A4 (Anx A4) protein in ovarian CCC,
which is frequently a highly platinum-resistant tumor com-
pared with SAC."” Similar findings have been reported in a
study comparing SAC and CCC using a genomic screening
approach.”> Anx A4, a previously understudied member of
the Annexin protein family, binds to phospholipids in a
Ca’"-dependent manner, self-associates on phospholipid
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membrane surfaces and causes membrane aggregation.
Enhanced expression of Anx A4 has recently shown to
increase tumor chemoresistance to carboplatin (a key drug
for treating gynecological cancers) via increased extracellular
efflux of the drug.> Another study showed that Anx A4 sup-
presses NF-kxB transcriptional activity, which is significantly
upregulated early after etoposide treatment. Anx A4 translo-
cates to the nucleus together with p50 and imparts greater
resistance to apoptotic stimulation by etoposide treatment.'®
Anx A4 may also be associated with drug resistance in other
types of tumors; enhanced expression of Anx A4 has been
reported in colon, renal, lung and pancreatic cancers.”*
However, the details of Anx A4-mediated extracellular efflux
of platinum drugs remain unclear.

HEC1 is an endometrial carcinoma cell line with low Anx
A4 expression levels. In our study, Anx A4-overexpressing
derivative HEC1 cell lines were established and their chemo-
sensitivity toward platinum drugs was analyzed both in vitro
and in vivo. Anx A4-conferred platinum chemoresistance was
shown to be mediated by the copper transporter ATP7A.**%®

fAaterial and Methods

Cell lines

The human endometrial carcinoma cell lines HEC1, HECIA,
HEC6, HEC88nu, HEC108, HEC116 and HEC251; SNGII
and SNGM cells, the human ovarian SAC cell line OVSAHO
and the ovarian CCC cell lines OVISE and OVTOKO were
obtained from the Japanese Collection of Research Bioresour-
ces (Osaka, Japan); A2780 cells from the human ovarian SAC
cell line were obtained from the European Collection of Ani-
mal Cell Culture (Salisbury, Scotland). The identity of each
cell line was confirmed by DNA fingerprinting via short tan-
dem repeat profiling, as described previously.”® HECI,
HECI1A, HEC6, HEC88nu, HEC108, HEC116 and HEC251
cells were maintained in Dulbecco’s modified Eagle’s medium
(D-MEM) (Wako Pure Chemical Industries, Osaka, Japan)
supplemented with 10% fetal bovine serum (FBS) (HyClone
Laboratories, Logan, UT) and 1% penicillin-streptomycin
(Nacalai Tesque, Kyoto, Japan) at 37°C under a humidified
atmosphere of 5% CO,. SNGII and SNGM cells were main-
tained in Ham’s F12 medium (Invitrogen, Carlsbad, CA) sup-
plemented with 10% FBS and 1% penicillin-streptomycin.
OVSAHO, A2780, OVISE and OVTOKO cells were main-
tained in Roswell Park Memorial Institute 1640 medium
(Wako Pure Chemical Industries) supplemented with 10%
FBS and 1% penicillin-streptomycin.

Generation of Anx A4 stably transfected cell lines

To generate cell lines that stably expressed Anx A4, HEC1
cells were transfected with the pcDNA3.1-Anx A4 expression
plasmid, as described previously.'? Transfected cells were
selected with 600 pg/ml of Geneticin (Invitrogen). Clones
were maintained in 250 pg/ml of Geneticin for stability of
expression. Four stable Anx A4-expressing cell lines were
established and designated HEC1-A25, HEC1-A43, HECI-
A63 and HEC1-A77. A control cell line of HECI was also
established and stably transfected with an empty vector. This
cell line was designated as HEC1-CV.

Western blotting

Cells were lysed in radioimmunoprecipitation assay buffer
[10 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1% Nonidet P-40,
0.5% sodium deoxycholate, 0.1% sodium dodecyl sulfate, 1%
protease-inhibitor cocktail (Nacalai Tesque) and 1%
phosphatase-inhibitor cocktail (Nacalai Tesque)]. After cen-
trifugation (13,200 rpm, 4°C, 15 min), soluble proteins in the
supernatant were separated using sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, as described previously."
Additional information can be found in Supporting Informa-
tion Material and Methods.

Measurement of ICso values after treatment with cisplatin

or carboplatin

Cells were suspended in D-MEM medium supplemented
with 10% FBS and were seeded in 96-well plates (2,000 cells
per well) (Costar; Corning, Corning, NY) for 24 hr. They
were then exposed to various concentrations of carboplatin
(0-500 puM), cisplatin (0-100 pM) or 5-fluorouracil (5-FU)
(0-50 puM) for 72 hr. Cell proliferation was evaluated using
the WST-8 assay (Cell Counting Kit-SF; Nacalai Tesque) after
treatment at the time points indicated by the manufacturer.
The absorption of WST-8 was measured at a wavelength of
450 nm (reference wavelength: 630 nm) using a Model 680
microplate reader (Bio-Rad Laboratories, Hercules, CA).
Absorbance values for treated cells indicative of proliferation
rates were expressed as percentages relative to results for
untreated controls, and the drug concentrations resulting in a
50% inhibition of cell growth (ICs, values) were calculated.

Small interfering RNA transfection
Two commercial small interfering RNAs (siRNAs) against
ATP7A and a nonspecific control siRNA were obtained from
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Qiagen (Venlo, The Netherlands) and designated ATP7A
siRNA4 and ATP7A siRNAS, respectively. For gene silencing,
a specific sense strand 5-GCAGCUUGUAGUAUUGAA
ATT-3' was used for ATP7A siRNA4, and an antisense
strand 5-UUUCAAUACUACAAGCUGCTA-3" was also
used. For ATP7A siRNAG, a specific sense strand 5'-GCGUA
GCUCCAGAGGUUUATT-3' was used, and an antisense
strand 5-UAAACCUCUGGAGCUACGCAG-3' was also
used. Cells were transfected with siRNA using Lipofectamine
2000 reagent (Invitrogen) according to the manufacturer’s
instructions. Selective silencing of ATP7A was confirmed by
Western blot analysis.

In vivo model of cisplatin resistance

All animal experiments were conducted in accordance with
the Institutional Ethical Guidelines for Animal Experimenta-
tion of our National Institute of Biomedical Innovation
(Osaka, Japan). Four-week-old, female Institute of Cancer
Research (ICR) nu/nu mice were obtained from Charles River
Japan (Yokohama, Japan). For subcutaneous xenograft experi-
ments, 2.5 X 10° HEC1, HEC1-CV, HECI1-A63 and HECI-
A77 cells were suspended in 100 pl of 1/1 (v/v) phosphate-
buffered saline (PBS)/Matrigel (Becton Dickinson, Bedford,
MA) and injected subcutaneously into the flanks of the ICR
nu/nu mice (1 =5 per group). One week after xenograft estab-
lishment, tumors measured ~100 mm’. Mice were then ran-
domly divided into two groups and administered cisplatin (3
mg/kg) or PBS i.p. twice weekly for 4 weeks. Tumor volumes
were determined twice weekly by measuring length (L), width
(W) and depth (D). Tumor volume was calculated using the
formula: tumor volume (mm’)=W X L X D. At 56 days
after tumor implantation, tumors were removed and weighed.

Quantification of intracellular platinum accumulation
Cisplatin accumulation in cells was analyzed according to a
previously established method, with certain minor modifica-
tions. In brief, 6 X 10° cells (HEC1, HEC1-CV, HEC1-A25,
HEC1-A43, HEC1-A63 and HECI1-A77 cells) were seeded
into two 150-mm tissue culture dishes and incubated for 24
hr. The cells were then exposed to 1 mM cisplatin for 60
min at 37°C and then washed twice with PBS. After 3 hr of
incubation in cisplatin-free D-MEM medium (supplemented
with 10% FBS), whole extracts were prepared and the con-
centration of intracellular platinum was determined using an
Agilent 7500ce inductively coupled plasma mass spectrometer
(ICP-MS; Agilent, Santa Clara, CA). The absolute concentra-
tion of platinum in each sample was determined from a cali-
bration curve prepared with a platinum standard solution.

Preparation of crude membrane fractions

To investigate the localization of Anx A4, crude membrane
fractions (CMFs) of cells treated in various ways were pre-
pared. Cells were divided into three groups: those that
received no treatment, those pretreated with 10 puM cisplatin
for 4 hr and those pretreated with 50 uM carboplatin for 4

Int. J. Cancer: 00, 00-00 (2013) © 2013 UICC

hr. CMF were prepared as described elsewhere,”® with modi-
fications. Prepared proteins were investigated using Western
blot analysis. Additional information can be found in Sup-
porting Information Material and Methods.

Biotinylation of HEC1 cell membrane surface proteins after
cisplatin or carboplatin exposure

To investigate the localization of ATP7A after exposure to
platinum drugs, treated or mock-treated HEC1 cells were
surface-biotinylated and the presence of ATP7A was investi-
gated by Western blot analysis. Additional information can
be found in Supporting Information Material and Methods.

Immunofluorescence for ATP7A and Anx A4
Immunofluorescence staining was performed 2 days after cells
had been seeded on cover slips. Before staining, cells in the
treatment groups were pretreated with 10 uM cisplatin or 50
uM carboplatin for 4 hr. Cells were then analyzed for localiza-
tion of Anx A4 and ATP7A. Additional information can be
found in Supporting Information Material and Methods.

Statistical analysis

Statistical analyses were performed using one-way analysis of
variance (ANOVA) followed by Dunnett’s analysis to evalu-
ate the significance of differences. In all analyses, p < 0.05
was considered to be statistically significant.

Results

Expression of Anx A4 in endometrial carcinoma cell lines

To investigate Anx A4 expression in nine common endome-
trial carcinoma cell lines, Western blot analyses were per-
formed. Expression of Anx A4 was strongest in SNGM cells
compared with the other eight cell lines (Fig. la). Thus,
enhanced expression of Anx A4 was confirmed in this endo-
metrial carcinoma cell line.

Anx A4 and platinum resistance in HEC1 cell lines

From control HEC1 cells (low Anx A4 expression levels),
four stable lines of Anx A4-overexpressing cells (HEC1-A25,
HECI1-A43, HEC1-A63 and HEC1-A77 cells) and one line of
empty vector transfected cells (HECI-CV cells) were estab-
lished. Overexpression of Anx A4 was confirmed using West-
ern blot analysis and was compared with CCC cell lines
(OVTOKO and OVISE) used as positive controls (Fig. 1b).
Significantly higher ICs, values for cisplatin were observed in
HEC1-A25 (32.1 pM, p < 0.01), HEC1-A43 (23.8 uM, p <
0.01), HEC1-A63 (34.9 uM, p < 0.01) and HECI-A77 cells
(173 pM, p < 0.01) compared with HEC1 (9.8 pM) and
HECI1-CV cells (8.4 uM) (Fig. lc). Similarly, ICs, values for
carboplatin were significantly increased in HEC1-A25 (194.6
UM, p < 0.01), HECI-A43 (153.3 pM, p < 0.01), HEC1-A63
(371.5 puM, p < 0.01) and HEC1-A77 cells (158.1 uM, p <
0.01) compared with HEC1 (59.1 pM) and HEC1-CV cells
(60.9 uM) (Fig. lc). Thus, Anx A4 overexpression conferred
platinum resistance in HEC1 cell lines.
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Figure 1. Enforced expression of Anx A4 in HEC1 cells confers platinum resistance in vitro. (@) Western blot analysis of nine endometrial
carcinoma cell lines. Anx A4 was expressed in one cell line. (b) Establishment of an Anx A4-stably-expressing HEC1 cell line by transfection
with the pcDNA3.1-Anx A4 expression plasmid into a HEC1 cell line with low Anx A4 expression levels. Enforced expression of Anx A4 was
confirmed by Western blot analysis. (¢) The ICso sensitivity to cisplatin or carboplatin was investigated in HEC1, HEC1-CV, HEC1-A25, HEC1-
A43, HEC1-A63 and HEC1-A77 cells. (d) Intracellular platinum accumulation was investigated after treatment with 1 mM cisplatin for 60
min and further incubation with cisplatin-free medium for 180 min and was determined by ICP-MS analysis.
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Intracellular platinum accumulation in Anx A4-
overexpressing cells

To elucidate the mechanism underlying platinum resistance
induced by Anx A4, intracellular platinum accumulation of
HECI1, HEC1-CV, HEC1-A25, HECI1-A43, HECI-A63 and
HEC1-A77 cells after cisplatin exposure was analyzed. Signifi-
cantly less platinum had accumulated in HEC1-A25, HEC1-
A43, HEC1-A63 and HECI1-A77 cells compared with HEC1
and HECI-CV cells (0.036 pg/cell, p<0.01; 0.04 pg/cell,
p<0.01; 0.03 pg/cell, p<0.01; 0.065 pgfcell, p<0.05 and
0.154 and 0.150 pg/cell, respectively) (Fig. 1d). Thus, intracel-
lular platinum accumulation was decreased in Anx A4-
overexpressing cells.

Anx A4-overexpressing cells and cisplatin in xenograft
models
To determine the involvement of Anx A4 in platinum resist-
ance in vivo, HEC1, HECI1-CV, HECI1-A63 and HECI1-A77
cells were subcutaneously injected into nude mice. After the
tumor xenograft had been established, cisplatin or PBS was
given twice a week for 1 month. On Day 56, average tumor
volumes were 11,496 * 950 mm’ in PBS-treated HECI-CV
control mice and 3,554 = 872 mm® in cisplatin-treated HEC1-
CV controls. A significant antitumor effect of cisplatin was
therefore observed in HEC1-CV-xenografted mice compared
with the PBS-treated group. The parent HEC1 and HEC1-CV
xenografts responded similarly to cisplatin (Fig. 2a; p < 0.01).
In HEC1-A63-xenografted mice, the average tumor volume
on Day 56 was 8,245 * 160 mm’ in the PBS-treated group and
only slightly less (7,078 =257 mm’®) in the cisplatin-treated
group (Fig. 2a; p = 0.42). A similar response to cisplatin was
observed in the HEC1-A63 and HEC1-A77 xenografts. On Day
56, no significant differences in tumor weight were found in
HEC1-A63-xenografted mice between the PBS treatment
(4.66 = 0.42 g) and the cisplatin treatment groups (4.43 *+ 0.16
g) (Fig. 2b). Similar results were observed in HEC1-A77 xeno-
graft models. In contrast, a significant decrease in tumor weight
was observed in HEC1-CV-xenografted mice between the PBS
mock treatment (5.95*1.16 g) and the cisplatin treatment
groups (3.20 £0.76 g; p < 0.05) (Fig. 2b). Similar results were
observed for the HEC1 and HEC1-CV xenografts. No signifi-
cant differences in tumor weight in the PBS treatment group
were observed among HEC1-CV-xenografted (5.95*+1.16 g),
HECI1-xenografted (748 +0.34 g), HECI-A63-xenografted
(4.66 = 0.42 @) and HEC1-A77-xenografted mice (4.82=* 1.08
g) (Fig. 2b). These results indicated that overexpression of Anx
A4 in HEC1 endometrial carcinoma cell lines conferred signifi-
cant platinum resistance to the cells as tumors growing in vivo.

Translocation of Anx A4 and ATP7A after platinum

exposure

In our study, platinum transporters were the focus of an
investigation of the molecular mechanisms of chemoresist-
ance induced by Anx A4. In previous research, intracellular

Int. ). Cancer: 00, 00-00 (2013) © 2013 UICC

platinum levels were decreased after enhanced expression of
Anx A4, and ATP7A and ATP7B are well known as efflux
transporters of platinum drugs.””***' However, the relation-
ship of Anx A4 with ATP7A and ATP7B has not been previ-
ously examined. The results of our study demonstrated no
change in expression of ATP7A at the protein levels owing
to enforced overexpression of Anx A4 (Fig. 3a) and no
ATP7B expression in HEC1 cells (data not shown). There-
fore, the effects of Anx A4 expression on ATP7B in these
cells were not investigated.

Because Anx A4 is normally localized to the cytoplasm,
we theorized that exposure to platinum drugs may induce
translocation of Anx A4 to the cellular membrane, resulting
in an increase in chemoresistance owing to the influence of
ATP7A. To investigate the possibility of induced transloca-
tion of Anx A4 and ATP7A by platinum drugs, CMFs were
prepared. By Western blot analysis, Anx A4 expression in
CMF of HEC1 and HECI-CV cells before and after treat-
ment with cisplatin or carboplatin was barely detectable
because of its low endogenous expression in these cells (Fig.
3b). In contrast, Anx A4 expression was increased in CMF of
HEC1-A63 cells and HECI1-A77 cells treated with cisplatin
and carboplatin compared with untreated cells (Fig. 3b).
Biotinylation-based cell surface membrane protein enrich-
ment revealed a marked increase in biotinylation of ATP7A
after exposure to cisplatin or carboplatin in HEC1, HECI-
CV, HEC1-A63 and HEC1-A77 cells (Fig. 3c). In the biotin-
ylated samples, no Anx A4 expression was detected on the
cell surface, although it had been previously detected in the
cell CMF (data not shown). These results suggested that
exposure to cisplatin or carboplatin induced massive translo-
cation of Anx A4 to CMF, including the inner surface of the
cell membrane (inaccessible to biotinylation). Before exposure
of the cell to cisplatin or carboplatin, ATP7A was not
expressed in biotinylated samples but after exposure, strong
ATP7A expression was detected. These results suggested that
exposure to cisplatin or carboplatin induced massive translo-
cation of ATP7A to the outer surface of the cell (accessible
to biotinylation).

Anx A4 and ATP7A localization

By immunofluorescence analysis, Anx A4 was localized in
the perinuclear and cytoplasmic regions of untreated cells,
whereas ATP7A was localized mainly in the perinuclear and
cytoplasmic regions and slightly less in the cellular mem-
brane in HEC1, HECI1-CV, HEC1-A63 and HEC1-A77 cells
(Figs. 4a-4d). After 4-hr exposure to cisplatin or carboplatin,
Anx A4 and ATP7A were found to be colocalized to the cel-
lular membrane in HEC1-A63 cells (Fig. 4c). Similar findings
were observed in HEC1-A77 cells (Fig. 4d). Because of the
low expression of Anx A4 in HEC1 and HECI-CV cells, no
Anx A4 was detected in the cellular membranes in these cells
(Figs. 4a and 4b). Thus, the results of the immunofluores-
cence analysis were in accordance with those of both West-
ern blot analysis of CMF preparations and biotinylation
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Figure 2. Enforced expression of Anx A4 in HEC1 cells confers platinum resistance in vivo. Analysis of Anx A4 as a platinum-resistant pro-
tein in vivo. (a) To determine the resistance of Anx A4-stably-expressing HEC1 cells to platinum in vivo, parent HEC1, HEC1-CV, HEC1-A63
and HEC1-A77 cells were subcutaneously injected into nude mice (n =5 per group). After tumor xenografts were established, cisplatin (3
mg/kg) or PBS was administered i.p. twice weekly for 1 month. Figure shows the average (points) for five animals = SD (bars). (b) Fifty-six
days after implantation, tumors were removed and weighed. Values shown are the means (=SD) of five mice. NS: not significant (*p <
0.05; **p < 0.01; one-way ANOVA, followed by Dunnett’s analysis).
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Figure 3. Localization of Anx A4 and ATP7A was investigated using Western blot analysis. The localization of Anx A4 and ATP7A was investigated
using two techniques: orthogonal crude membrane fractions and biotinylation of cell surface proteins. (g) No significant change in expression lev-
els of ATP7A was observed in HEC1, HEC1-CV, HEC1-A63 or HEC1-A77 cells. (b) In both HEC1-A63 and HEC1-A77 cells (but not in HEC1 and
HEC1-CV cells), the drug-induced translocation of Anx A4 into the crude membrane fraction was shown by Western blot analysis after exposure
to 10 uM cisplatin or 50 uM carboplatin for 4 hr. TCL: total cell lysate. Epidermal growth factor receptor was used as the control for cell surface
protein labeling. (©) In HEC1, HEC1-CV, HEC1-A63 and HEC1-A77 cells, translocation of ATP7A to the cell surface was shown by Western blot
analysis. Cells were treated with 25 pM cisplatin or 150 uM carboplatin for 4 hr, and cell surface proteins were biotinylated with 500 pM sulfo-
NHS-SS-biotin. Biotinylated surface proteins were enriched with Ultralink Immobilized Neutroavidin (Thermo Fisher Scientific, Waltham, MA) and
analyzed by Western blot analysis using anti-ATP7A. Levels of epidermal growth factor receptor, a surface protein, are shown as loading controls.

assays (Figs. 3b and 3c). Anx A4 and ATP7A were localized
in the cytoplasm before cisplatin or carboplatin exposure;
Anx A4 and ATP7A were then translocated to the cellular
membrane after cisplatin or carboplatin exposure. Thus, Anx
A4 and ATP7A are colocalized to the cellular membrane in
platinum-treated HEC1-A63 and HEC1-A77 cells but not in
HEC1 and HEC1-CV cells.

Int. J. Cancer: 00, 00-00 (2013) © 2013 UICC

Effect of ATP7A expression on resistance to platinum

drugs

The mechanism of platinum resistance conferred by Anx A4
overexpression was explored further by suppression of
ATP7A expression using siRNA. The suppression of ATP7A
was confirmed using Western blot analysis (Fig. 54). Anx A4
expression was unchanged by silencing ATP7A (Fig. 5a). The
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Figure 4. Immunofluorescence staining for ATP7A and Anx A4. HEC1, HEC1-CV, HEC1-A63 and HEC1-A77 cells were divided into three groups: the
no treatment, cisplatin exposure and carboplatin exposure groups. (@ HEC1 cells, (b) HEC1-CV cells, (¢) HEC1-A63 cells and (d) HEC1-A77 cells.
Cells were incubated with anti-Anx A4 antibody (red) or anti-ATP7A antibody (green). Nuclei were stained with DAPI (blue). In the no treatment
group for each cell, Anx A4 was localized in perinuclear and cytoplasmic regions and ATP7A was strongly localized in perinuclear regions. In HEC1
and HEC1-CV cells, after exposure to cisplatin or carboplatin, ATP7A was relocalized in the cellular membrane, although some ATP7A remained in
the cytoplasm; however, no change in location of Anx A4 was observed. In HEC1-A63 and HEC1-A77 cells, Anx A4 and ATP7A were newly colocal-
ized in the cellular membrane as well as remaining in the cytoplasm. In a comparison of HEC1 and HEC1-CV cells with HEC1-A63 and HEC1-A77
cells, expression of Anx A4 in HEC1-A63 and HEC1-A77 cells was stronger in the cytoplasm and cellular membrane. Scale bar= 30 um.
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control and commercial siRNAs against ATP7A were trans-  significantly lower for the two kinds of ATP7A-silenced
fected and the ICsq values of cisplatin and carboplatin were HEC1-A63 cells (ATP7A siRNA4, ICso = 11.0 pM, p < 0.01;
determined for each cell line. The ICsq value for cisplatin was ~ ATP7A siRNAS6, ICso = 11.2 pM, p < 0.01) compared with
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Figure 5. Knockdown of ATP7A expression improves platinum chemosensitivity in Anx A4-overexpressing cells. (@) Knockdown expression of
ATP7A by siRNA in HEC1, HEC1-CV, HEC1-A63 and HEC1-A77 cells by Western blot analysis. (b) 1Cso values are shown for cisplatin in HEC1,
HEC1-CV, HEC1-A63 and HEC1-A77 cells transfected with negative control siRNA and two types of siRNA targeting ATP7A. A significant
decrease in ICs, value for cisplatin was observed for the two types of ATP7A-silenced HEC1-A63 and HEC1-A77 cells but not for the HEC1
and HEC1-CV cells. (¢) 1C5 values are shown for carboplatin in HEC1, HEC1-CV, HEC1-A63 and HEC1-A77 cells transfected with negative
control siRNA and two kinds of siRNA targeting ATP7A. A significant decrease in 1Cso value for carboplatin was observed for the two types
of ATP7A-silenced HEC1-A63 and HEC1-A77 cells but not for the HEC1 and HEC1-CV cells. (d) Intracellular platinum content after treatment
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HEC1-A77 cells transfected with negative control siRNA and ATP7A-targeting siRNA, as determined by ICP-MS analysis. Significantly higher
intracellular platinum accumulation was observed in HEC1-A63 cells and HEC1-A77 ATP7A-silencing cells than in control siRNA-transfected
HEC1-A63 cells and HEC1-A77 cells. (e) No significant differences in 1Csqo values for 5-FU were noted between HEC1, HEC1-CV, HEC1-A63
and HEC1-A77 cells. Similar results were observed in ATP7A-silenced cell lines for HEC1, HEC1-CV, HEC1-A63 and HEC1-A77 cells (*p <
0.05; **p < 0.01; one-way ANOVA followed by Dunnett’s analysis).
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the HEC1-A63 control siRNA-transfected cells (ICsq = 32.2
uM) (Fig. 5b).

In addition to cisplatin, improved chemosensitivity associ-
ated with ATP7A silencing was observed with carboplatin.
Significantly lower ICs, values for carboplatin were observed
in both types of ATP7A-silenced HECI-A63 cells (siRNA4,
ICso =859 UM, p < 0.01; siRNA6, ICso=92.8 UM, p <
0.01) compared with the HECI-A63 control siRNA-
transfected cells (ICsp = 300.7 pM) (Fig. 5¢). Similar results
were found for HEC1-A77 ATP7A-silenced cells, where a sig-
nificantly lower ICsq value for cisplatin was observed
(siRNA4, ICs50 =89 pM, p < 0.05; siRNA6, 1Cso = 6.2 UM,
p < 0.01) compared with that for HEC1-A77 control siRNA-
transfected cells (ICsy = 23.3 uM). ICsq values for carboplatin
were also significantly lower for the two kinds of ATP7A-
silenced HEC1-A77 cells (siRNA4, ICso =49.8 uM, p < 0.05;
siRNA6, ICso =319 pM, p < 0.05) compared with the
HEC1-A77 control siRNA-transfected cells (ICso = 152.1 pM,
p < 0.01) (Fig. 5¢). In contrast, siRNA treatments targeting
ATP7A were ineffective in HEC1 and HECI1-CV cells treated
with cisplatin or carboplatin (Figs. 5b and 5c¢). Intracellular
platinum accumulation after cisplatin exposure was signifi-
cantly increased in HECI1-A63 cells treated with ATP7A
siRNA (0.060 pg/cell, p < 0.01 to 0.113 pg/cell, p < 0.01)
compared with control siRNA-transfected cells (0.030 pg/cell)
(Fig. 5d). Similarly, a significant increase in intracellular plati-
num accumulation was observed in HECI-A77 cells treated
with ATP7A siRNA (0.133 pg/cell, p < 0.01 to 0.146 pg/cell,
p < 0.01) compared with control siRNA-transfected cells
(0.065 pg/cell) (Fig. 5d).

To investigate the relationship between resistance to
drugs other than platinum drugs and Anx A4 or ATP7A
expression, ICsq values for 5-FU were determined for each
cell line. No significant change in ICso values for 5-FU was
observed in HEC1 (IC5¢ = 0.96 uM), HEC1-CV (IC54 = 1.00
uM), HEC1-A63 (ICso=0.83 pM) or HECI-A77 cells
(IC50 = 1.01 uM) (Fig. 5e). Similar results were observed in
the ATP7A-silenced cell lines for HEC1, HECI1-CV, HEC1-
A63 and HEC1-A77 cells as well as in ATP7A-silenced cell
lines (Fig. 5e). These results suggested that platinum resist-
ance induced by enforced expression of Anx A4 was mainly
dependent on the platinum transporter ATP7A and that
expression of Anx A4 and ATP7A was unrelated to resist-
ance to 5-FU.

Discussion

In our study, overexpression of Anx A4 in HECI cells
decreased cell sensitivity to platinum drugs in vitro. Increased
_drug efflux was the mechanism underlying this change. In
addition, an association between Anx A4 and platinum resist-
ance was demonstrated for the first time in vivo. The mecha-
nism of Anx Ad4-induced drug efflux may prove to be a
promising therapeutic target because blockage of that mecha-
nism may improve the prognosis of patients with Anx A4-
associated platinum-resistant tumors.

Int. J. Cancer: 00, 00-00 (2013) © 2013 UICC
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Anx A4 itself is not a drug transporter, but it does bind
to phospholipids in a Ca®"-dependent manner and self-
associates onto phospholipid membrane surfaces, causing
membrane aggregation.'>'*"” Thus, we assumed an indirect
mediating effect of Anx A4 on drug efflux through an associ-
ation between an unidentified drug transporter and Anx A4.
Recently, MRP2 (an ABC ATPase-like multidrug-resistant
protein) and ATP7A and ATP7B (two P-type Cu-transport-
ing ATPases) were identified as platinum efflux transporters
strongly associated with platinum resistance.”>*> In an analy-
sis of clinical gynecological samples, expression of MRP2
failed to predict tumor response to chemotherapy and did
not correlate with overall survival **~3°® In contrast, poor sur-
vival rates were associated with overexpression of ATP7A in
patients with ovarian cancer.”’ Similarly, a correlation was
found between ATP7B overexpression in endometrial carci-
nomas and an unfavorable clinical outcome in patients
treated with cisplatin-based chemotherapy.”” Therefore, we
focused on the platinum transporters ATP7A and ATP7B
and investigated their relationships with expression of Anx
A4. In normal, unchallenged cells, ATP7A and ATP7B are
localized in the Golgi apparatus and are involved in copper
homeostasis, using ATP hydrolysis to transport copper ions
across cellular membranes. They function in both the export
of excess copper and its delivery to copper-dependent
enzymes. ATP7A and ATP7B are also known to be efflux
transporters of platinum drugs.®>*”***"*%* In one study,
only a slight increase in expression of transfected ATP7A
was seen in a human ovarian cancer cell line; however, that
small increase was sufficient to confer significant resistance
to cisplatin or carboplatin.®® In a similar study in another
human cisplatin-resistant ovarian cancer cell line, silencing of
ATP7B by siRNA transfection resulted in a 2.5-fold decrease
in cisplatin ICsy levels and a significant increase in DNA-
platinum adduct formation.* Preparing CMF of treated cells
facilitated the localization of Anx A4 expression in cells
before and after exposure to platinum drugs. The abundance
of AnxA4 in the membrane fraction along with the transloca-
tion to the membrane was increased. Using the orthogonal
method of cell surface protein labeling to monitor proteins
appearing on the cell surface, biotinylated ATP7A was
increased after cisplatin or carboplatin exposure both in
HECI1 and HEC1-CV cells (cells expressing low levels of Anx
A4) and HECI1-A63 and HEC1-A77 cells (cells overexpress-
ing Anx A4). Taken together, these results suggest that plati-
num drug exposure causes relocalization of Anx A4
expression to the membrane fraction and relocalization of
ATP7A transporters (to a minimum) to the external surface
of the cellular membrane. Unfortunately, no similar analysis
of ATP7B was possible because it is not expressed in HEC1
cells (data not shown). However, in cells that express both
ATP7A and ATP7B proteins, other immunofluorescence
studies have shown similar changes in localization of
both proteins after cisplatin exposure.*” After cisplatin or
carboplatin exposure in HECI-A63 and HECI1-A77 Anx
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Ad4-overexpressing cells, immunofluorescence showed that
Anx A4 expression was relocated from the perinuclear and
cytoplasmic Golgi regions to the cellular membrane. This
relocalization was not observed in HEC1 and HEC1-CV cells,
in which overexpression of Anx A4 does not occur.

ATP7A also relocates from the perinuclear and cytoplas-
mic regions to the cellular membrane after cisplatin or carbo-
platin exposure. However, this occurs both in HEC1 and
HECI1-CV cells (cells expressing low levels of Anx A4) and
HEC1-A63 and HECI1-A77 cells (cells overexpressing Anx
A4). Although no direct interaction between ATP7A and
Anx A4 was detected by coimmunoprecipitation analysis
(data not shown), immunofluorescence analysis showed
colocalization of ATP7A and Anx A4 at least within the cel-
lular membrane in Anx A4-overexpressing cells. These results
suggested that Anx A4 is not required for ATP7A transloca-
tion and that ATP7A translocation is unrelated to expression
of Anx A4.

Translocation of Anx A4 to plasma membranes is report-
edly mediated by an increase in intracellular free Ca®*, which
is increased by exposure to platinum drugs.**** In addition
to the translocation of ATP7A and Anx A4 to the plasma
membrane, our results also showed translocation of ATP7A
to the nucleus in HECI and HEC1-CV cells. Translocation
to the nucleus and colocalization of both ATP7A and Anx
A4 were also observed in HECI1-A63 and HECI-A77 cells
after exposure to cisplatin or carboplatin in the immunofluo-
rescence staining analysis in our study (Fig. 4). Anx A4
translocates to the nucleus after etoposide treatment and sup-
presses NF-kB transcriptional activity, which induces expres-
sion of Bax, a proapoptotic Bcl-2 family protein.'® In
addition, a correlation has been reported between nuclear
staining of Anx A4 and poor survival in patients with ovar-
ian cancer.” However, the role of ATP7A in the nucleus and
its relationship with NF-kB transcriptional activity has not
been investigated. Further investigation is needed to elucidate
the role of nuclear colocalization of Anx A4 and ATP7A in
platinum resistance.

In our study, translational silencing of ATP7A in HECI1
and HECI-CV (Anx A4-nonexpressing cells) and HEC1-A63
and HEC1-A77 cells (Anx A4-overexpressing cells) was per-
formed. Western blot analysis demonstrated no detectable
changes in protein expression of Anx A4 when ATP7A was
silenced in any of these four cell lines.

In HEC1 and control HECI-CV cells (low Anx A4
expression levels), ICs, values for cisplatin or carboplatin
cells after the knockdown of ATP7A expression caused no
improvement in the sensitivity of these cells to cisplatin or
carboplatin. Similar results were observed in a previous study
in which no improvement in sensitivity to cisplatin resulted
from silencing of ATP7A in platinum-resistant or -sensitive
ovarian cancer cell lines.*’ However, Mangala et al. reported
improved sensitivity to cisplatin in both platinum-resistant
ovarian cancer cells and parental cells expressing ATP7B as a
result of silencing of ATP7B expression.*’ An important

Annexin A4-conferred platinum resistance

discovery related to ATP7A was communicated in our study:
in cells overexpressing both Anx A4 and ATP7A, silencing of
ATP7A significantly improved sensitivity to cisplatin and car-
boplatin, thus restoring them to sensitivity levels comparable
to those of HEC1 and HECI1-CV cells. These results were
supported by a quantitative analysis of the accumulation of
intracellular platinum, demonstrating that siRNA silencing of
ATP7A in Anx Ad4-overexpressing HECI1-A63 and HECI-
A77 cells resulted in greater intracellular platinum accumula-
tion than HEC1-A63 and HEC1-A77 cells transfected with a
control siRNA. On the other hand, the analysis of ICsq values
for 5-FU showed no relationship between overexpression of
Anx A4 and resistance to 5-FU. In addition, no improvement
in sensitivity to 5-FU was observed as a result of ATP7A
silencing. These results suggested a specific relationship of
Anx A4 with ATP7A and resistance to platinum drugs but
with to nonplatinum drugs such as 5-FU. Differences in effi-
cacy and improvement in drug sensitivity of ATP7A silencing
were observed between cell lines (HEC1, HEC1-CV, HECI1-
A63 and HEC1-A77 cells). These variations may be related
to the colocalization of Anx A4 and ATP7A in the cellular
membrane after cisplatin or carboplatin exposure. Colocaliza-
tion of Anx A4 and ATP7A after exposure to platinum drugs
was specific to changes in Anx A4-overexpressing cells, which
are probably related to drug efflux. These results suggest that
in conjunction with higher Anx A4 expression levels, ATP7A
had a positive effect on efflux of platinum drugs, resulting in
significantly increased platinum resistance. Because overex-
pression of Anx A4 had no effect on ATP7A expression and
because no direct interaction between ATP7A and Anx A4
was detected in the coimmunoprecipitation analysis, Anx A4
seems to promote ATP7A activity in a manner which is cur-
rently unexplained.

In addition to the effects of Anx A4 on drug resistance in
ovarian cancer, similar findings have been reported for other
overexpressed members of the Annexin family such as
Annexin A3 (Anx A3).*** Intracellular platinum concentra-
tions of cisplatin and levels of platinum DNA binding in that
study were significantly lower in Anx A3-overexpressing cells
than in control cells, suggesting a more general involvement
of the Annexin family in platinum resistance.*® From the
results of these related reports and those of our study, we
conclude that the Annexin family may potentially enhance
the activity of numerous drug transporters. Identifying these
enhancement mechanisms may be extremely useful for devel-
oping additional therapeutic targets for drug-resistant
tumors.

In summary, our study demonstrated that enhanced
expression of Anx A4 induces chemoresistance by promoting
platinum drug efflux via ATP7A. These findings suggested
that Anx A4 is a potential therapeutic target for chemosensi-
tization, particularly in tumors with higher expression of
both Anx A4 and ATP7A. Thus, our study provides a clear
example of applied genotoxicology. However, platinum resist-
ance induced by overexpression of Anx A4 may occur as a
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result of multiple processes, including regulation of apoptosis
and efflux of platinum drugs. Thus, other unknown chemore-

sistant mechanisms may be induced by overexpression of

Anx A4. Because overexpression of Anx A4 has been
reported in several other types of clinically important cancers,
such as rectal, renal, lung and pancreatic cancer,
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Case Report

A 48-year-old woman with no notable medical or family history
visited our hospital with a complaint of abdominal bloating. An ultra-
sonography scan showed severe accumulation of ascites in her pelvis,
and magnetic resonance imaging revealed a solid mass measuring 15
c¢m in diameter. The mass was assumed to be ovarian cancer (OC)
accompanied by carcinomatous peritonitis.

We performed abdominal total hysterectomy;, bilateral salpingo-
oophorectomy, pelvic lymphadenectomy, para-aortic lymphadenec-
tomy, and omentectomy as staging laparotomy and debulking surgery
for OC. The left ovary measured 15 cm in diameter, and the tumor was
present on its surface. The volume of ascites was 8,250 mL, although
neither peritoneal metastasis nor carcinomatous peritonitis was
noted. A careful examination of the peritoneal cytology, involving the
centrifuged pellet from almost all of the ascites, failed to detect any
malignant cells. Pathologic examination confirmed that the pelvic
mass was OC (endometrioid adenocarcinoma, G1), and the Interna-
tional Federation of Gynecology and Obstetrics stage was Ic(a). No
metastasis was detected in the omentum, lymph nodes, and lymph
duct or vessels. However, pathologic examination incidentally re-
vealed lymphangioleiomyomatosis (LAM) in the lymph nodes and
Iymphatic vessels (Fig 1). Hematoxylin and eosin staining revealed
oval to short spindle-shaped smooth muscle-like cells (LAM cells)
aggregating and proliferating in a nodular pattern within lymph
ducts and vessels (Fig 1A). The LAM cells were positive for smooth
muscle actin, HMB-45 (Fig 1B), estrogen receptor, and progester-
one receptor. High-resolution computed tomography of the chest
revealed six small (2 to 5 mm), thin-walled cysts in the upper lobes
of both lungs before the operation (Fig 2A, arrows). Pathologic
examination of the lymph nodes and lymphatic vessels indicated

that the pulmonary cysts were LAM lesions. In addition, a sarcoid-
like reaction, which contained noncaseating epithelioid cells, was
occasionally detected in regional lymph nodes (Fig 1C). This case
did not fulfill the criteria for systemic sarcoidosis, and there was no
evidence of metastatic ovarian adenocarcinoma.

Cell count, biochemical analysis, culture, polymerase chain reac-
tion for Mycobacterium tuberculosis, and cytologic examination of
ascitic fluid were performed for differential diagnosis of the massive
ascites. Abdominal ultrasonography and computed tomography were
also performed to identify the cause of ascites or findings suggestive of
portal hypertension. Bacterial peritonitis, tuberculous peritonitis, and
portal hypertension were not considered likely causes. Abdominocen-
tesis was frequently performed postoperatively to prevent abdominal
distention and to facilitate peritoneal cytology. No malignant cells
were detected after any of these procedures.

This patient was a suitable candidate for adjuvant chemotherapy.'
Paclitaxel (180 mg/m?) and carboplatin (area under the curve, 6)
were administered once every 3 weeks. A severe adverse event
(grade 3 neuropathy as per the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 3.0) occurred
after three cycles had been administered, and chemotherapy was
therefore discontinued.

In this patient, ascites had markedly diminished at 3 months and
disappeared at 6 months after the operation. Moreover, lung cysts and
pulmonary function did not subsequently worsen. No remarkable
changes in either the size or number of cysts were observed 5 years later
(Fig 2B, arrows). Figure 3 shows the postoperative changes in pulmo-
nary function expressed as a percentage of predicted forced vital ca-
pacity (FVC) and forced expiratory volume in the first second (FEV1).
These pulmonary function tests subsequently improved. The patient
remained well 5 years after the operation with neither recurrence nor
LAM symptoms.

Discussion
LAM s arare progressive disease that occurs almost exclusively in
women.® Although most patients with LAM demonstrate pulmonary

Journal of Clinical Oncology, Vol 31, No 28 {October 1), 2013: pp e427-e429
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involvement, patients with retroperitoneal or pelvic involvement at
lymph node sites have been reported.” Gynecologic diseases can some-
times display symptoms that are similar to those of LAM when ascites
is present, and a careful differential diagnosis is warranted.”® Further-
more, LAM is occasionally complicated by tuberous sclerosis,® but
tuberous sclerosis findings were not noted in our patient.
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Fig 2.

To date, there is no consensus regarding the most appropriate
therapeutic strategies for LAM, although hormone suppression ther-
apy such as oophorectomy, gonadotropin-releasing hormone agonist
treatment, or progesterone treatment can relieve the symptoms of this
disease. Female sex hormones are probably associated with the occur-
rence and progression of LAM; thus, hormone suppression therapy
has frequently been performed, which reportedly inhibits deteriora-
tion of respiratory function and may even stabilize it.>'° Although an
effective therapy for reliably preventing the progression of LAM has
not been identified, hormone suppression therapy is still adminis-
tered. LAM frequently occurs in women of reproductive age, and the
application of oophorectomy for the treatment of LAM has been
strictly limited, given that an attempt must be made to preserve fertil-
ity. However, in our patient, oophorectomy was performed as the
standard therapy for OC, which in turn resulted in female hormone
suppression and apparently contributed to the alleviation of LAM
symptoms, improved respiratory function, and reduced ascites. Be-
cause the patient was a never-smoker and had no symptoms of
Sjogren’s syndrome or any other cystic lung disease, we concluded that
the cystic lesion in the lung was probably related to LAM.

Recently, a number of clinical trials on sirolimus (rapamycin) for
the treatment of OC have been undertaken.'! Sirolimus inhibits the
mammalian target of rapamycin pathway and has an immunosup-
pressive effect, and its efficacy and safety for LAM have also
been tested."

OC is often referred to as a silent killer because it is usually only
detected in advanced stages, given that the early stages of the disease
are frequently asymptomatic. Clinicians should therefore consider the
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possibility of LAM in the differential diagnosis of OC and tumors with
unknown primary origin, especially when ascites is present.”® Al-
though Pseudo Meigs’ syndrome was a possible cause of ascites accu-
mulation in our patient, it was relatively unlikely because large
amounts of ascites are not usually associated with OC. Given that
repeated cytologic examinations of the ascites failed to detect any
malignant cells and that the lung lesions did not progress, we speculate
that the massive ascites accumulation was caused not by OC but by
LAM, and that the ascites diminished as a result of the oophorectomy.

Sarcoid-like reaction refers to the development of noncaseating
epithelioid cell granulomas in patients who do not fulfill the criteria
for systemic sarcoidosis. It is occasionally detected in a variety of
malignant diseases, occurring in 4% to 6% of carcinomas, and is most
commonly observed in the lymph nodes draining the cancer.'>'*
However, it has been reported in association with OC in only a
few cases.>!¢

There are a few reports of LAM in women in whom OC was
initially suspected because of massive ascites.® The case presented here
may be a rare example of OC coexisting with LAM and sarcoid-like
reaction, in which massive ascites resulting from LAM led to the
diagnosis of OC. In addition, it demonstrates that oophorectomy may
inhibit deterioration of respiratory function and may even stabilize it.
Although LAM is rare, we suggest that clinicians should include it as
part of the differential diagnosis of massive ascites in women patients.
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