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Several molecular targeting drugs are being evaluated for endometrial cancer;

selecting patients whose cancers are sensitive to these agents is of paramount

importance. Previously, we developed the cancer tissue-originated spheroid

method for primary cancer cells taken from patients’ tumors as well as patient-

derived xenografts. In this study, we successfully prepared and cultured cancer

tissue-originated spheroids from endometrial cancers. Characteristics of the origi-

nal tumors were well retained in cancer tissue-originated spheroids including

morphology and expression of p53 or neuroendocrine markers. We screened 79

molecular targeting drugs using two cancer tissue-originated spheroid lines

derived from endometrioid adenocarcinoma grade 3 and serous adenocarcinoma.

Among several hits, we focused on everolimus, a mammalian target of rapamycin

complex 1 inhibitor, and YM155, a survivin inhibitor. When sensitivity to everoli-

mus or YM155 was assessed in 12 or 11 cancer tissue-originated spheroids,

respectively, from different endometrial cancer patients, the sensitivity varied

substantially. The cancer tissue-originated spheroids sensitive to everolimus

showed remarkable suppression of proliferation. The phosphorylation status of

the mammalian target of rapamycin complex 1 downstream molecules before

and after everolimus treatment did not predict the effect of the drug. In contrast,

the cancer tissue-originated spheroids sensitive to YM155 showed remarkable cell

death. The effect of YM155 was also confirmed in vivo. The histological type cor-

related with YM155 sensitivity; non-endometrioid adenocarcinomas were sensi-

tive and endometrioid adenocarcinomas were resistant. Non-canonical

autophagic cell death was the most likely cause of cell death in a sensitive cancer

tissue-originated spheroid. Thus, sensitivity assays using cancer tissue-originated

spheroids from endometrial cancers may be useful for screening drugs and find-

ing biomarkers.

E ndometrial cancer is the most common gynecologic malig-
nancy in the USA and European Union.(1,2) The incidence

and mortality rates of the disease are tending to increase
worldwide, including in Japan.(3) Treatment strategies for
endometrial cancer are generally based on surgery if the
tumors are resectable. Adjuvant chemotherapy and ⁄ or radiation
therapy are used for patients in high risk groups. For patients
with inoperable tumors, chemotherapy, radiation, and ⁄or hor-
mone therapy are carried out. According to the International
Federation of Gynecology and Obstetrics report in 2006, the 5-
year survival rate is 85–91% for patients with stage I, but
<21% for patients with stage IV disease.(4) To improve the
prognosis, novel treatment strategies must be developed. Many
clinical trials are underway, including those evaluating molecu-
lar targeting therapies such as inhibitors of the PI3K ⁄mTOR
pathway, vascular endothelial growth factor, and EGFR ⁄her-
ceptin-2.(5) So far, none of these have improved overall or dis-
ease-free survival. However, each trial included some patients

who achieved CR or PR. Thus, biomarkers predicting CR or
PR for each drug are necessary to improve the prognosis.
Genome alterations have been revealed to be predictive

biomarkers of some molecular targeting therapies in some can-
cers. For example, mutations in EGFR and BCR-ABL are use-
ful biomarkers of the corresponding molecular targeting
inhibitors for selecting patients sensitive to these drugs with
lung adenocarcinoma and chronic myelogenous leukemia,
respectively.(6,7) On the other hand, KRAS mutations predict
resistance of mAbs against EGFR in patients with colorectal
cancer.(8,9) Gene mutations present in endometrial cancer have
also been intensively researched, although no gene alteration
so far is available as a biomarker for each drug. For example,
neither gene mutations in the PI3K ⁄mTOR ⁄phosphatase and
tensin homolog, PTEN, pathway nor Her2 gene amplification,
which is often observed in endometrial cancer,(10) predicts the
effect of corresponding inhibitors. Detecting single genome
alterations is not enough to predict the drug’s effect, probably
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because of the complex signaling network in endometrial can-
cer cells. To understand this complexity, bioassays in vitro are
required.
Recently, we developed a preparation and culture method,

the CTOS method, for primary cancer cells from patients’
tumors as well as patient-derived xenografts.(11) With this
method, cell–cell contact is maintained throughout the process
of preparation and culturing of cancer cells from the tumors.
One can efficiently obtain pure cancer cells from various can-
cers including colon, lung, bladder, prostate, brain, and the
uterine cervix. Cancer tissue-originated spheroids are cultured
in spheroid form in a serum-free medium, which was devel-
oped for culturing human embryonic stem cells. The spheroids
preserve the original characteristics of cancer cells, both
in vitro and in vivo.(11–14)

In this study, we applied CTOS technology to endometrial
cancer. Spheroids were successfully prepared from endometrial
cancers and maintained the original tumor characteristics, as
has been seen with other types of cancers. Using CTOS, both
from primary tumors and CTOS-derived xenograft tumors, we
screened a panel of molecular targeting drugs and obtained
several candidate drugs. Then, we assessed the effects of the
drugs on a panel of CTOS derived from different patients’
tumors. We further explored biomarkers for the drugs that cor-
related with sensitivity in CTOS assays.

Materials and Methods

Cancer tissue-originated spheroid preparation and cul-

ture. This study was approved by the institutional ethics com-
mittees at Osaka Medical Center for Cancer and
Cardiovascular Diseases and Osaka University (Osaka, Japan).
Surgical specimens were obtained from patients treated with
hysterectomy at either hospital after providing informed con-
sent. Preparation and culture of CTOS were carried out accord-
ing to a previously described protocol.(11) Briefly, surgical
samples or xenograft tumors of NOD ⁄SCID mice were
digested with Liberase DH (Roche Applied Science, Man-
nheim, Germany) and filtered through cell strainers. Fragments
on the 100- or 40-lm cell strainer (BD Falcon, Franklin Lakes,
NJ, USA) were collected. Cancer tissue-originated spheroids
were cultured in StemPro hESC (Invitrogen, Carlsbad, CA,
USA).

Immunohistochemistry. Immunohistochemistry was carried
out as previously described.(14) The primary antibody against
p53 (RTU-p53-DO7) was obtained from Novacastra (New-
castle, UK), cleaved caspase-3 and PCNA (PC10) from Cell
Signaling Technologies (Danvers, MA, USA), synaptophysin
(clone SY38) from Dako (Glostrup, Denmark), and chromo-
granin A and LAMP2 (clone GL2A7) from Abcam (Cam-
bridge, UK). After secondary antibody incubation, sections
were visualized using a fluorescence method or biotin-ampli-
fied method (NovaRed; Vector Laboratories, Burlingame, CA,
USA). Fluorescence images were obtained using confocal
microscopy (TCS SPE; Leica Microsystems, Wetzlar, Ger-
many).

Sensitivity assay. An inhibitor kit (Inhibitor kit IV version
2.2) containing 79 molecular targeting drugs was kindly pro-
vided by the Screening Committee of Anticancer Drugs
(Japan) (Table S1). The inhibitors were diluted with StemPro
at doses of 10 nM or 100 nM. One CTOS was placed in one
well of a 96-well plate, and six CTOS were examined for one
dose of each drug. After 7 days of culture, CTOS viability
was evaluated by measuring intracellular ATP levels (CellTi-

ter-Glo Luminescent Cell Viability Assay; Promega, Fitchburg,
WI, USA), corrected for the CTOS size at day 0. Images were
taken using CellInsight CX5 High-Content Screening Platform
(Thermo Fisher Scientific, Waltham, MA, USA), and CTOS
size was automatically measured. For the sensitivity assay for
each drug, CTOS were cultured in StemPro hESC containing
inhibitors at the indicated doses. Cancer tissue-originated
spheroids were exposed to the inhibitors for 7 days. Spheroid
viability was evaluated by measuring intracellular ATP levels
at day 7 and corrected for the CTOS size at day 0. Images
were taken at 910 magnification using an IX70 microscope
(Olympus, Tokyo, Japan), and CTOS size was measured using
Adobe Photoshop CS 5.1 (Adobe Systems, San Jose, CA,
USA). Half maximal inhibitory concentration (IC50) values
were calculated with GraphPad Prism 6 software (GraphPad
Software, San Diego, CA, USA) using the sigmoidal dose–re-
sponse function. For staining of dead cells, PI (Calbiochem,
San Diego, CA, USA) was added to the medium at a concen-
tration of 1 lg ⁄mL and incubated at 37°C for 10 min. After
CTOS were washed, fluorescence images were obtained. Con-
trol CTOS were treated in parallel with respective concentra-
tions of DMSO as a vehicle control.

Reagents. RAD-001 (everolimus) was purchased from Tor-
onto Research Chemicals (Toronto, ON, Canada), YM155
from Millipore (Billerica, MA, USA), OSI-027 from Sel-
leckchem (Houston, TX, USA), and 3MA from Sigma-Aldrich
(St. Louis, MO, USA).

Western blot analysis. Western blotting was carried out as
previously described.(13) Primary antibodies used against pS6
(Ser235 ⁄236), caspase-3, and cleaved caspase-3 (Asp175),
pAKT (T308), pAKT (S473), p4EBP1 (53H11), survivin
(71G4B7), EGFR, pERK (Thr202 ⁄Tyr204), and cH2AX
(Ser139) were obtained from Cell Signaling Technologies. b-
actin was from Sigma-Aldrich, PARP was from BD Bio-
sciences (San Jose, CA, USA), and LC3 (autophagy APG8b:
MAP1LC3B) was from Abgent (San Diego, CA, USA).

Animal studies. Animal studies were carried out in compli-
ance with the guidelines of the institutional animal study com-
mittee of Osaka Medical Center for Cancer and Cardiovascular
Diseases. A mixture of 200 CTOS in Matrigel was implanted
s.c. into the flank of 4-week-old female NOD ⁄SCID mice
(CLEA Japan, Shizuoka, Japan). YM155 was suspended in sal-
ine and administered using an osmotic pump (ALZET mini-
osmotic pump, model 2001; DURECT, Cupertino, CA, USA)
to achieve a continuous dose of 5 mg ⁄kg according to the
manufacturer’s instructions. When the tumor diameter reached
5 mm, the pump was s.c. implanted and removed after 9 days.
Tumor volume was measured every 2–3 days and calculated
with the formula: 0.5 9 width2 9 length.

Statistical analysis. Statistical analysis was carried out with
GraphPad Prism 6. The statistical significance was tested using
unpaired t-tests. Values of P < 0.05 were considered to indi-
cate statistical significance.

Results

Preparation and culture of CTOS from endometrial cancer. We
analyzed 117 tumor samples from patients with endometrial
cancer (Tables 1,S2). The CTOS were prepared and cultured
as previously described (Fig. 1a).(11) The overall success rate
of CTOS formation was 92% (108 ⁄117). The overall success
of CTOS culture in which CTOS were able to be cultured for
more than 2 weeks was 62% (72 ⁄117) and differed among his-
tological types (Table 1). Among the histological types in
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which more than five different patient samples were examined,
the highest success rate was in serous adenocarcinoma (92%;
11 ⁄12). The pattern of CTOS growth represented the original
morphological characteristics (Fig. 1b). For example, in CTOS
from endometrioid adenocarcinoma grade 1, more than 95%
showed multiple budding structures with dark lumens inside.
In contrast, in CTOS from endometrioid adenocarcinoma grade
3, more than 50% showed homogenous content with a smooth
surface. The CTOS from serous adenocarcinoma showed smal-
ler buddings, reflecting the papillary structure in the original
tumors (Fig. 1b). Immunohistochemistry analysis showed that
the expression levels of p53 in the original tumors were main-
tained in CTOS (Fig. 1c). Expression of synaptophysin and
chromogranin A were also preserved in CTOS from large cell
neuroendocrine carcinomas (Fig. 1d). When CTOS were s.c.
injected into NOD ⁄SCID mice, 50% (34 ⁄68) generated tumors
(Table 1). Morphological characteristics including gland-like
structure, solid growth, and papillary pattern were similar to
the respective original tumors (Fig. 1e).

Drug screening using CTOS lines. Because the CTOS retained
the morphological characteristics of the original tumors, CTOS
from individual patient samples might provide a better plat-
form for drug screening. We carried out drug screening using
two CTOS lines, cp22 and cp43. Cp22 was derived from an
endometrioid adenocarcinoma grade 3, whereas cp43 was from
a serous adenocarcinoma. Both CTOS were able to be pas-
saged in vitro. The panel of drugs consisted of 79 different
kinds of molecular targeted agents (Table S2). For cp22, two
drugs, the proteasome inhibitor bortezomib and the survivin
inhibitor YM155, showed remarkable growth suppression at
10 nM (Fig. 2a, Table S2). Two mTORC1 inhibitors, tem-
sirolimus and everolimus, showed moderate effects. For cp43,
bortezomib and YM155 were effective, but not temsirolimus
nor everolimus (Fig. 2b, Table S2).
As for the gross appearance of cp22 CTOS (Fig. 2c), the

CTOS exposed to everolimus did not grow for 7 days, but

maintained a spheroid form with a smooth surface, brightness,
and transparency. In contrast, the CTOS exposed to borte-
zomib and YM155 showed a disorganized shape with an irreg-
ular surface, and low transparency, which are the
characteristics of cell death in CTOS.(11)

Sensitivity assay for everolimus using a panel of CTOS from

different patient tumors. We first selected everolimus for fur-
ther analysis. Everolimus is a rapalog, which is a class of
allosteric inhibitors of mTOR similar to rapamycin, a classical
mTOR inhibitor. Everolimus is now in clinical use for treat-
ment of renal cell cancers.(15) We assessed the sensitivity to
everolimus of 12 CTOS from different endometrial cancer
patients. There were substantial differences in sensitivity
among different CTOS (Fig. 3a). Consistent with the drug
screening, cp22 showed a dose-dependent response and was
the most sensitive among all the CTOS examined. Cp43 was
intermediately sensitive. Some of the CTOS showed remark-
able resistance. Next, we investigated the mechanism of
growth inhibition by everolimus in cp22 CTOS. Treatment
with everolimus remarkably inhibited proliferation, with
reduced PCNA staining, but a remarkable difference was not
observed in cleaved caspase-3 staining (Fig. 3b). Taken
together with the gross appearance (Fig. 2c), growth suppres-
sion with everolimus was due to inhibition of proliferation but
not induction of cell death.

Search for biomarkers of everolimus. Next, we tested whether
changes in downstream signaling can act as a biomarker in the
CTOS assay. The target of everolimus, mTORC1, is a kinase
that phosphorylates multiple signaling molecules, including S6K
and 4EBP1, and regulates translation.(16) Ribosomal protein S6
is a substrate of S6K.(16) We examined the phosphorylation sta-
tus of those downstream molecules by Western blotting before
and after treatment with everolimus (Fig. 3c). In non-treated
CTOS, the phosphorylation status of S6 and 4RBP1 varied
among CTOS. When CTOS were treated with 1 lM everolimus,
phosphorylation of S6 was remarkably inhibited, even in resis-
tant CTOS. The phosphorylation of 4EBP1 was moderately sup-
pressed in all CTOS, whereas phosphorylation was recovered in
some CTOS after 24 h. Feedback activation of AKT was
observed only in cp114, a resistant CTOS. Thus, the phosphory-
lation status of the mTORC1 downstream molecules before and
after everolimus treatment cannot act as a clear biomarker for
predicting the effect of the drug.

Sensitivity assay for YM155 using a panel of CTOS from differ-

ent patient tumors. Next, we focused on YM155. YM155 was
developed as a small molecule targeting expression of survivin
(BIRC5), a member of the IAP family.(17) Expression of sur-
vivin is reportedly suppressed by YM155, both in vitro and
in vivo.(17) We assessed the sensitivity to YM155 in 11 CTOS
from different endometrial cancer patients. The sensitivity var-
ied among CTOS as was observed with everolimus (Fig. 4a).
All CTOS showed clear dose-dependent responses. Cp22 and
cp43, which were used in the initial drug screening, turned out
to be the most resistant and sensitive, respectively, of all the
CTOS examined. Propidium iodide staining revealed that cp43
showed remarkable cell death without condensation of the
nuclei (Fig. 4b).
Next, we tested whether the results of the in vitro assay

were similar to those of the in vivo assay. Cp43, a sensitive
CTOS in vitro, and cp22, a resistant CTOS in vitro, were
injected into NOD ⁄SCID mice. Treatment of the mice with
YM155 showed significant suppression of tumor growth in
mice bearing cp43 but not cp22 tumors compared with vehicle
treatment (Fig. 4c).

Table 1. Success rate of cancer tissue-originated spheroid (CTOS)

preparation, culture, and xenograft formation from endometrial

cancers

Histology

CTOS preparation Xenograft

n

CTOS

formation, n

(%)

CTOS

culture, n

(%)

n

Tumor

formation, n

(%)

EmG1 46 44 (96) 27 (59) 23 6 (26)

EmG2 18 15 (83) 9 (50) 7 5 (71)

EmG3 16 14 (88) 12 (75) 10 7 (70)

Serous 12 12 (100) 11 (92) 9 7 (78)

Carcinosarcoma 11 11 (100) 6 (55) 8 3 (38)

Mixed 8 6 (75) 5 (63) 6 3 (50)

LCNEC 1 1 (100) 1 (100) 1 1 (100)

Clear cell 2 2 (100) 1 (50) 1 1 (100)

Poorly

differentiated

1 1 (100) 0 (0) 1 1 (100)

Mucinous 1 1 (100) 0 (0) 1 0 (0)

Adenosarcoma 1 1 (100) 0 (0) 1 0 (0)

Total 117 108 (92) 72 (62) 68 34 (50)

EmG, endometrioid adenocarcinoma Grade; Serous, serous adenocarci-
noma; Mixed, mixed carcinoma; LCNEC, large cell neuroendocrine car-
cinoma; Clear cell, clear cell carcinoma; Mucinous, mucinous
adenocarcinoma; CTOS formation, >10 CTOS at 24 h after preparation;
CTOS culture, >10 viable CTOS at 2 weeks after preparation; n, num-
ber of samples
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Search for biomarkers of YM155. Cancer tissue-originated
spheroids were separated into two groups, sensitive (six cases)
and resistant (five cases) to YM155 according to the IC50 val-
ues of CTOS, to less or more than 10 nM, respectively.

Among the clinicopathological parameters examined, the histo-
logical type alone correlated with YM155 sensitivity. All
CTOS from the non-endometrioid adenocarcinomas were in
the sensitive group (Fig. 5a). The average IC50 values were

Fig. 1. Characteristics of original tumors were preserved in cancer tissue-originated spheroids (CTOS) from endometrial cancer and their xeno-
grafts. (a) Phase contrast images of CTOS from cp116, endometrioid adenocarcinoma grade 3 (EmG3), immediately after preparation (Day 0) and
after 2 days of culture (Day 2). Scale bar = 100 lm. (b) Phase contrast images of CTOS from various histological types as indicated. Scale
bar = 100 lm. (c) Immunohistochemistry of p53 in original tumors (scale bar = 100 lm) and CTOS (scale bar = 50 lm). (d) Immunohistochemistry
of synaptophysin (SYP) and chromogranin A (CHGA) in a large cell neuroendocrine carcinoma (LCNEC) case. Serial sections from the original
tumor were stained. Double staining in CTOS. Scale bars: upper panels, 100 lm; lower panels, 50 lm. (e) H&E staining of original tumors and
CTOS-derived xenograft tumors. Scale bar = 50 lm. CaSa, carcinosarcoma; Clear, clear cell carcinoma; Mixed, mixed carcinoma; Serous, serous
adenocarcinoma.
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significantly different (P < 0.002) between the non-endome-
trioid and endometrioid groups.
Next, we analyzed intracellular signaling in YM155-treated

CTOS, focusing on the reported mechanisms of YM155-

induced cell death. YM155 was developed as an inhibitor of
survivin, which is involved in apoptosis.(17) In cp22 and cp43,
PARP was not cleaved, indicating that cell death did not pro-
ceed through typical apoptosis (Fig. 5b), consistent with the
results showing that PI-stained nuclei were neither condensed
nor fragmented (Fig. 4b). Next, tumors with high expression
levels of survivin are reportedly sensitive to YM155.(18) Wes-
tern blotting revealed that survivin was expressed more in sen-
sitive cp43 than resistant cp22 (Fig. 5b), although the
expression levels of survivin were not correlated with sensitiv-
ity to YM155 (Fig. 5c). YM155 suppressed survivin expres-
sion in both the sensitive and resistant CTOS. Next, EGFR
degradation is reportedly promoted by YM155 treatment in
pancreatic cancer cells.(19) The resistant cp22 did not express

Fig. 2. Drug screening using two endometrial cancer tissue-origi-
nated spheroids (CTOS). (a,b) Cp22 (endometrioid adenocarcinoma
G3) (a) and cp43 (serous adenocarcinoma) (b) were subjected to a
drug screening test using 79 different signaling inhibitors. Each bar
indicates an individual drug. Two doses (red bar, 10 nM; green bar,
100 nM) were examined for each drug. Relative ATP values to the
control (non-treated CTOS) at day 7 (d7), adjusted by the area at day
0 (d0), are shown. (c) Phase contrast images of CTOS of cp22 before
(day 0) and after 7 days of exposure (day 7) to the indicated drugs.
Control is non-treated CTOS. Scale bar = 100 lm.

Fig. 3. Sensitivity assay and intracellular signaling with a mammalian
target of rapamycin complex 1 inhibitor in panels of endometrial can-
cer tissue-originated spheroids (CTOS). (a) Dose–response curve for
everolimus. Twelve CTOS from different patients’ tumors were exam-
ined. CTOS were prepared from original tumors or xenograft tumors.
xp1, mouse tumor derived from primary CTOS line. Markers in the
graph indicate the median value at each dose. (b) Double staining of
cleaved caspase-3 (red) and proliferating cell nuclear antigen (PCNA;
green) in cp22 CTOS after exposure to 1 lM everolimus at the indi-
cated time point. (c) Western blotting of CTOS exposed to 1 lM ever-
olimus. CTOS, time after exposure, and antibodies are indicated. pAKT
antibody is against S473. Sensitivity of each CTOS in (a) are shown at
the top.
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EGFR. In the sensitive cp43, EGFR levels did not change
within 72 h after YM155 treatment (Fig. 5b). Nonetheless, in
the sensitive cp43, phosphorylation of AKT, S6 (a downstream
target of mTOR), and ERK were remarkably suppressed by
YM155 compared with the resistant cp22. Finally, DNA dam-
age is reported as one of the causes of death induced by
YM155. A marker of DNA damage, c-H2AX, appeared in the
sensitive cp43 72 h after YM155 treatment (Fig. 5b). It was
not detected at 48 h when cell death was already apparent
(Fig. 4b). Taken together, non-apoptotic cell death was
induced by YM155 and suppression of AKT might be related
to the cell death.
YM155 also reportedly induces autophagic cell

death.(18,20,21) Pretreatment with 3MA, an inhibitor of autop-

hagy, suppressed cell death in cp43 (Fig. 5d). LC3 was not
detected in the CTOS (Fig. 5e). Lamp2 positive-staining small
puncta were transiently increased at 24 h (Fig. 5f). The
autophagosome is formed by the hierarchical recruitment of
autophagy-related proteins including LC3. As an alternative to
this canonical pathway, autophagosomes can also form from
only a subset of autophagy-related proteins.(22) Thus, YM155
may promote autophagosome formation through non-canonical
autophagy, at least in this sensitive CTOS.

Discussion

Development of biomarkers predicting sensitivity is of para-
mount importance for the success of developing molecular tar-
geting drugs. In this study, we showed that CTOS can be
efficiently prepared and cultured from tumors of the corpus
uteri. Using CTOS derived from endometrial cancers, we
screened a panel of molecular targeting drugs. We found two
candidate drugs, everolimus and YM155, and tested them in
multiple CTOS from individual patient tumors. The response
of individual CTOS showed striking diversity, as has been
observed for other drugs in other cancers.(11,13,14) Separating
CTOS into sensitive and resistant groups can contribute to the
search for biomarkers. This study provides a useful step
towards establishing a basis for larger scale screening.
Although the success rate of the CTOS sensitivity assay from
individual biopsy samples needs to be further improved, the
CTOS assay could be applied to planning strategies for treat-
ment of individual patients. Assessing the direct effect of the
drugs in an in vitro assay would be useful in cases in which
the signaling network is too complicated to predict the effect
using a few gene mutations or an abnormal status of a branch
of signaling pathway.
Cancer tissue-originated spheroid-based screening assays can

be advantageous compared with conventional methods. Cell
line-based drug screening has been the major platform for dec-
ades.(23) Most of the cell lines were established in 2-D cultures
with serum-containing medium. Because of the time and selec-
tion during the establishment process, cell lines are likely to
be irreversibly changed from the original tumors.(24,25) In con-
trast, CTOS can be prepared with high yield from patients’
tumors as well as from mouse xenografts, and are stable in
culture. Furthermore, original cancer cell characteristics are
relatively preserved in CTOS not only from endometrial cancer
(Fig. 1), but also from various other cancers.(11–14) Attempts
have also been made to apply primary culture sensitivity
assays, although it is difficult to prepare sufficient samples for
drug screening. We used mouse xenografts derived from
CTOS, from which we successfully prepared enough CTOS of
homogeneous quality for drug screening. The number of cells
can be expanded by generating an appropriate number of xeno-
grafts.
Since the development of rapamycin, several derivatives

have been developed as rapalogs targeting mTORC1.(16) As
the PI3K ⁄AKT ⁄mTOR pathway is often aberrantly activated in
cancers, these rapalogs were applied to cancer treatment. Tem-
sirolimus is used as a first-line drug for renal cancer and ever-
olimus as a third-line drug. Additionally, a number of clinical
trials have been carried out in multiple cancer types including
gynecologic malignancies.(26,27) In endometrial cancer, eight
phase II trials were reported in 5 years.(28) Furthermore,
mTORC1 ATP kinase inhibitors and dual inhibitors of PI3K ⁄
mTOR and mTORC1 ⁄mTORC2 have been further developed,
some of which are currently in clinical trials.(16,26) Because the

Fig. 4. Sensitivity assay with a survivin inhibitor in panels of endome-
trial cancer tissue-originated spheroids (CTOS). (a) Dose–response
curve for YM155. Eleven CTOS from different patients’ tumors were
examined. CTOS were prepared from original tumors or xenograft
tumors. xp1, mouse tumor derived from primary CTOS line. Markers in
the graph indicate the median value at each dose. (b) Fluorescence
images of CTOS (cp43) stained with propidium iodide (PI). The times
after exposure to YM155 (10 nM) are indicated. Blue, Hoechst 33342;
red, PI. Scale bar = 50 lm. (c) In vivo effect of YM155. Mice with xeno-
grafts from cp22 and cp43 were treated with YM155. Tumor volume
and the time (days) after initiation of the treatment are indicated.
Black bars indicate the period of YM155 treatment. Mean � SD is
shown. Only upper or lower SD values are shown for vehicle- or
YM155-treated mice, respectively, in the graph of cp22. Cp22, YM155
(n = 3), vehicle (n = 3); Cp43, YM155 (n = 5), vehicle (n = 6). *P < 0.05;
**P < 0.01.
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effect of the rapalogs was unfortunately moderate in these clin-
ical trials, biomarkers for predicting response to these drugs
have been intensively explored, although none are available so
far.(29) In this study, we showed that the effect was substan-
tially different among individual CTOS. The effect of everoli-
mus in sensitive CTOS was cytostatic but not cytotoxic, as
was reported in other cancers.(30) Suppression of the down-
stream pathway was observed in all CTOS, even in resistant
ones. These results suggest that the PI3K ⁄AKT ⁄mTOR path-
way cannot act as a predictive biomarker for everolimus in
endometrial cancer.
In the list of drugs used in the screening, a dual inhibitor of

mTORC1 and mTORC2, torkinib, was included. Torkinib did
not show any effect in the drug screening, even in high dose.
We tested OSI-027, another dual inhibitor of mTORC1 and
mTORC2 (Fig. S1). These CTOS were also resistant to OSI-
027 at the tested doses. These results indicate that only
mTORC1 inhibitors were effective in the tested CTOS but not
dual inhibitors. In these CTOS, mTORC2 activity might be
necessary for the effect of mTORC1 inhibitors.
YM155 was developed as a small compound suppressing the

expression of survivin (BIRC5).(17) Survivin belongs to the
IAP family, which inhibits apoptosis.(31) Both mRNA and pro-
tein levels were suppressed by YM155 in HeLa and prostate

cancer cells in vivo, and cell proliferation and tumor growth
were suppressed.(17) YM155 reportedly interacts with and inhi-
bits a protein complex that activates the survivin pro-
moter.(32,33) Effects of YM155 other than suppression of the
survivin promoter have also been reported, including promo-
tion of EGFR degradation(19) and induction of DNA dam-
age.(34) In this study, massive cell death was induced in a
sensitive CTOS, cp43, treated with YM155, although none of
those reported mechanisms was related. It is possible that sur-
vivin is not a real target of YM155 in the induction of cell
death of cp43. We showed that an alternative autophagic death
is the most likely mechanism in cp43, although this result
requires further study using multiple sensitive CTOS lines of
endometrial cancer to determine whether the characteristic
mode of cell death by YM155 in a CTOS is a common
mechanism.
Because of the promising results with YM155 in preclinical

studies including endometrial cancer,(35,36) phase II clinical tri-
als for YM155 have been carried out in various cancers.(35)

None of them have yet proceeded to phase III because a lim-
ited number of patients have achieved responses. Development
of biomarkers to select patients for whom the drug will be
effective is crucial. In this study, we showed that the CTOS
sensitivity assay, using biopsy samples from patients’ tumors,

Fig. 5. Candidates of biomarkers for YM155 in
endometrial cancer tissue-originated spheroids
(CTOS). (a) Correlation between sensitivity to
YM155 and histological types of endometrial
cancer. CTOS are divided into two groups,
endometrioid and non-endometrioid. Values of the
bars indicate the IC50 for YM155 in Fig. 4a of each
CTOS. CTOS are ordered by the IC50 values. (b)
Western blotting of CTOS cp43 (sensitive) and cp22
(resistant) exposed to 10 nM YM155. CTOS, time
after exposure, and antibodies are indicated. Ct,
control: for PARP, mLC1, lung cancer CTOS, 24 h
after 10 lg ⁄mL cisplatin exposure, and for cH2AX,
mLC5, lung cancer CTOS, 2 h after 5 Gy irradiation.
(c) Western blotting of survivin in various CTOS. (d)
Dose response curve for cp43 CTOS treated with or
without 5 nM 3MA 24 h before exposure to YM155
at the indicated doses. Relative ATP values at day 7
to the control (non-treated CTOS) adjusted by the
area at day 0 are shown. (e) Western blotting of
LC3 in cp43 CTOS treated with 10 nM YM155. The
times after exposure are shown. Ct, control:
MIApaca2, a pancreatic cancer cell line, autophagy-
related protein 5 knocked down, placed in anoxia
for 48 h. White arrow head, intact PARP; black
arrow head, cleaved PARP. (f) Immunofluorescent
staining of LAMP2 (green) in cp22 and cp43 CTOS
exposed to 10 nM YM155. The times after exposure
are shown. Blue, DAPI. Scale bar, 20 lm.
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could determine a biomarker for YM155. We also found that
non-endometrioid histological types may be good candidates
for YM155, although it is necessary to examine a larger num-
ber of samples in future to confirm these results.
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AKT protein kinase B
CR complete response
CTOS cancer tissue-originated spheroid
EGFR epidermal growth factor receptor
cH2AX phosphorylated histone H2AX
IAP inhibitor of apoptosis
3MA 3-methyladenine
mTOR mammalian target of rapamycin
mTORC mammalian target of rapamycin complex
p phosphorylated
PARP poly(ADP-ribose) polymerase
PCNA proliferating cell nuclear antigen
PI propidium iodide
PI3K phosphoinositide 3-kinase
PR partial response
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Supporting Information

Additional supporting information may be found in the online version of this article:

Fig. S1. Dose–response curve for PSI-027 for various CTOSs.

Table S1. List of the molecular targeting drugs used in the screening, and relative growth in each dose of drug.

Table S2. Case description, and cancer tissue-originated spheroid (CTOS) characteristics of endometrial cancer specimen.

© 2016 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd
on behalf of Japanese Cancer Association.

Cancer Sci | April 2016 | vol. 107 | no. 4 | 460

Original Article
Drug screening with spheroids from endometrial cancer www.wileyonlinelibrary.com/journal/cas


