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The objective of this study is to determine anti-cancer drugs which are applicable for sarcoma
treatments. Because of low prevalence of sarcoma patients, it may be difficult to develop novel
anti-cancer drugs for sarcomas. Re-purposing of anti-cancer drugs which have been approved for
other malignancies is an effective and realistic approach. This study composed of two approaches.
Firstly, the growth suppressive effects of anti-cancer drugs which were approved for cancer
treatments were screened in sarcoma cell lines. The semi-automated high-throughput screening
system was constructed using publically available sarcoma cell lines and later the original
patient-derived sarcoma cell lines, which were establish in the National Cancer Center. Multiple
anti-cancer drugs exhibited growth suppressive effects at a substantially low dose. Secondly,
actionable gene mutations and miRNAs which were relevant to malignant features of sarcomas were
screened by genomic and transcriptomic approach. Consequently, the actionable gene mutations, and
miRNAs whose down-stream mRNA contributed to malignant features of sarcomas were detected.
The significances of identified genes or their products were confirmed by in vitro experiments. Aside
from identification of anti-cancer drugs for re-purposing, the predictive biomarkers for pazopanib,
which is a tyrosin kinase inhibitor, the use of which for sarcoma treatments were approved, were also
challenged. Using multiple sarcoma cell lines with different response to treatments with pazopanib,
we detected predictive biomarkers. The supernatant of those sarcoma cell lines were examined at
proteome and transcriptome level. Proteomics identified secretory proteins, whose expression level in
the supernatant was significantly correlated with the response to pazopanib treatments. The miRNA
in exosome of sarcoma cells were examined, and miRNAs and their downstream gene products were

identified. Bioinformatics is important especially in sarcoma, because the clinical materials are
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hardly available for research. A novel informatics platform, which was based on Connectivity Map,
was developed. Gene expression signatures of favorable response to pazopanib treatments in
sarcomas were identified. Moreover, sarcoma subtypes to which the determined drugs may be
effective. In summary, this study identified multiple candidates for re-purposing for sarcomas, and
fundamental bioinformatics system for drug re-purposing was developed. The patient-derived cancer
models have been developed in a systematic way in the National Cancer Center. Using the
established patient-derived cancer models, we will evaluate the clinical utilities of identified
anti-cancer molecular targeting drugs. In addition, we will develop the application of bioinformatics

platform for drug re-purposing studies as our next challenge.

III. RO/ ~DFEE

(1) 25 - MEEEFICR Y D% (EWNEE 0 1, [EEREE 32 1)

1. Kubota D, Kosaka N, Fujiwara T, Yoshida A, Arai Y, Qiao Z, Takeshita F, Ochiyva T, Kawai A,
Kondo T. miR-125b and miR-100 Are Predictive Biomarkers of Response to Induction
Chemotherapy in Osteosarcoma. Sarcoma. 2016;2016:1390571.

2. Asano N, Yoshida A, Mitani S, Kobayashi E, Shiotani B, Komiyama M, Fujimoto H, Chuman
H, Morioka H, Matsumoto M, Nakamura M, Kubo T, Kato M, Kohno T, Kawai A, Kondo T,
Ichikawa H. Frequent amplification of receptor tyrosine kinase genes in
welldifferentiated/ dedifferentiated liposarcoma. Oncotarget. 2017 Feb 21;8(8):12941-12952.

3. Morofuji N, Ojima H, Hiraoka N, Okusaka T, Esaki M, Nara S, Shimada K, Kishi Y, Kondo

T. Antibody-based proteomics to identify an apoptosis signature for early recurrence of

hepatocellular carcinoma. Clin Proteomics. 2016 Oct 24;13:28.

4. Kondo T. Proteogenomics for the Study of Gastrointestinal Stromal Tumors. Adv Exp Med
Biol. 2016;926:139-151.

5. Uemura N, Kondo T. Current status of proteomics of esophageal carcinoma. Expert Rev
Proteomics. 2016 Oct 8:1-12.

6. Yamasaki H, Miyamoto M, Yamamoto Y, Kondo T, Watanabe T, Ohta T. Synovial sarcoma
cell lines showed reduced DNA repair activity and sensitivity to a PARP inhibitor. Genes
Cells. 2016 Aug;21(8):852-60.

7. Ezawa I, Sawai Y, Kawase T, Okabe A, Tsutsumi S, Ichikawa H, Kobayashi Y, Tashiro F,
Namiki H, Kondo T, Semba K, Aburatani H, Taya Y, Nakagama H, Ohki R. Novel p53 target
gene FUCA1 encodes a fucosidase and regulates growth and survival of cancer cells. Cancer
Sci. 2016 Jun;107(6):734-45.

8. Qiao Z, Pan X, Parlayan C, Ojima H, Kondo T. Proteomic study of hepatocellular carcinoma
using a novel modified aptamer-based array (SOMAscan™) platform. Biochim Biophys Acta.
2017 Apr;1865(4):434-443.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Pan X, Yoshida A, Kawai A, Kondo T. Current status of publicly available sarcoma cell lines

for use in proteomic studies. Expert Rev Proteomics. 2016;13(2):227-40.
Ito J, Asano N, Kawai A, Yoshida A. The diagnostic utility of reduced immunohistochemical

expression of SMARCBL in synovial sarcomas: a validation study. Hum Pathol. 47(1):32-7. 2016.
Setsu N, Kobayashi E, Asano N, Yasui N, Kawamoto H, Kawai A, Horiuchi K. Severe
hypercalcemia following denosumab treatment in a juvenile patient. J Bone Miner Metab.
34(1):118-22. 2016.

Akiyama T, Saita K, Ogura K, Kawai A, Imanishi J, Yazawa Y, Kawashima N, Ogata T. The effect of
an external hip joint stabiliser on gait function after surgery for tumours located around the
circumference of the pelvis: analysis of seven cases of internal hemipelvectomy or proximal femur
resection. Int Orthop. 40(3):561-7. 2016.

Yoshida A, Goto K, Kodaira M, Kobayashi E, Kawamoto H, Mori T, Yoshimoto S, Endo O, Kodama
N, Kushima R, Hiraoka N, Motoi T, Kawai A. CIC-rearranged Sarcomas: A Study of 20 Cases and
Comparisons With Ewing Sarcomas. Am J Surg Pathol. 40(3):313-23.2016.

Hirahata M, Osaki M, Kanda Y, Sugimoto Y, Yoshioka Y, Kosaka N, Takeshita F, Fujiwara T3,
Kawai A, Ito H, Ochiya T, Okada F. PAI-1, a target gene of miR-143, regulates invasion and
metastasis by upregulating MMP-13 expression of human osteosarcoma. Cancer Med. 2016.

Araki N, Takahashi S, Sugiura H, Ueda T, Yonemoto T, Takahashi M, Morioka H, Hiraga H, Hiruma
T, Kunisada T, Matsumine A, Kawai A. Retrospective inter- and intra-patient evaluation of
trabectedin after best supportive care for patients with advanced translocation-related sarcoma after
failure of standard chemotherapy. Eur J Cancer. 56:122-30.2016.

Miyamoto S, Arikawa M, Fujiki M, Kawai A, Kobayashi E, Sakuraba M. The Superior Rectal Artery
as a Recipient Vessel for Free Flap Transfer After Partial Sacrectomy in Patients With Chordoma.
Ann Plast Surg. 76(3):315-7. 2016.

Kawai A, Araki N, Hiraga H, Sugiura H, Matsumine A, Ozaki T, Ueda T, Ishii T, Esaki T, Machida
M, Fukasawa N. A randomized, double-blind, placebo-controlled, Phase Il study of pazopanib in

patients with soft tissue sarcoma: results from the Japanese subgroup. Jpn J Clin Oncol.
46(3):248-53.2016.

Nakamura T, Matsumine A, Kawai A, Araki N, Goto T, Yonemoto T, Sugiura H, Nishida Y, Hiraga H,
Honoki K, Yasuda T, Boku S, Sudo A, Ueda T. The clinical outcome of pazopanib treatment in
Japanese patients with relapsed soft tissue sarcoma: A Japanese Musculoskeletal Oncology Group
(JMOG) study. Cancer. 122 (9):1408-16.2016

Nezu Y, Hagiwara K, Yamamoto Y, Fujiwara T, Matsuo K, Yoshida A, Kawai A, Saito T, Ochiya T.

miR-135b, a key regulator of malignancy, is linked to poor prognosis in human myxoid liposarcoma.
Oncogene. 35(48)6177-6188.2016.

Setsu N, Miyake M, Wakai S, Nakatani F, Kobayashi E, Chuman H, Hiraoka N, Kawai A, Yoshida A.
Primary Retroperitoneal Myxoid Liposarcomas. Am J Surg Pathol. :40(9):1286-90.2016

Iwata S, Uehara K, Ogura K, Akiyama T, Shinoda Y, Yonemoto T, Kawai A. Reliability and Validity
of a Japanese-language and Culturally Adapted Version of the Musculoskeletal Tumor Society
Scoring System for the Lower Extremity. Clin Orthop Relat Res:474(9):2044-52.2016




22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Miyamoto S, Fujiki M, Sakisaka M, Kawai A. Combined Use of the Latissimus Dorsi

Musculocutaneous Flap and the Anterolateral Thigh Flap to Reconstruct an Extensive Shoulder

Defect in an NF-1 Patient. Plast Reconstr Surg Glob Open: 4 4 (4):e670.2016.

Mori T, Nakayama R, Endo M, Hiraga H, Tomita M, Fukase N, Kobayashi E, Kawai A, Ueda T,
Morioka H. Forty-eight cases of leiomyosarcoma of bone in Japan: A multicenter study from the

Japanese musculoskeletal oncology group. J Surg Oncol. 114(4):495-500.2016
Sano T, Tanzawa Y, Kobayashi E, Nakatani F, Kawai A, Makino Y, lwase H, Chuman H, Hayashi Y.

A Case of Severe Hematological Toxicity in Response to Pazopanib. Gan To Kagaku Ryoho:
43(6):785-7.2016

Morioka H, Takahashi S, Araki N, Sugiura H, Ueda T, Takahashi M, Yonemoto T, Hiraga H, Hiruma
T, Kunisada T, Matsumine A, Susa M, Nakayama R, Nishimoto K, Kikuta K, Horiuchi K, Kawai A.
Results of sub-analysis of a phase 2 study on trabectedin treatment for extraskeletal myxoid
chondrosarcoma and mesenchymal chondrosarcoma. BMC Cancer. :14;16:479.2016

Kato I, Yoshida A, lkegami M, Okuma T, Tonooka A, Horiguchi S, Funata N, Kawai A, Goto T,
Hishima T, Aoki I, Motoi T. FOSL1 Immunohistochemistry Clarifies the Distinction between
Desmoplastic Fibroblastoma and Fibroma of Tendon Sheath. Histopathology. 69(6)1012-1020. 2016
Takeuchi A, Tsuchiya H, Ishii T, Nishida Y, Abe S, Matsumine A, Kawai A, Yoshimura K, Ueda T.
Clinical outcome of recurrent giant cell tumor of the extremity in the era before molecular target

therapy: the Japanese Musculoskeletal Oncology Group study. BMC Musculoskelet
Disord.:22;17:306. 2016.

Kim Y, Kobayashi E, Kubota D, Suehara Y, Mukaihara K, Akaike K, Ito A, Kaneko K, Chuman H,_
Kawai A, Kitano S. Reduced argininosuccinate synthetase expression in refractory sarcomas:
Impacts on therapeutic potential and drug resistance. Oncotarget. 7(43):70832-70844.2016

Shibata H, Kato S, Sekine I, Abe K, Araki N, Iguchi H, Izumi T, Inaba Y, Osaka I, Kato S, Kawai A,
Kinuya S, Kodaira M, Kobayashi E, Kobayashi T, Sato J, Shinohara N, Takahashi S, Takamatsu Y,
Takayama K, Takayama K, Tateishi U, Nagakura H, Hosaka M, Morioka H, Moriya T, Yuasa T,
Yurikusa T, Yomiya K, Yoshida M. Diagnosis and treatment of bone metastasis: comprehensive
guideline of the Japanese Society of Medical Oncology, Japanese Orthopedic Association, Japanese
Urological Association, and Japanese Society for Radiation Oncology. ESMO Open.
1(2):e000037.2016

Miyamoto S, Fujiki M, Setsu N, Kawai A. Simultaneous reconstruction of the bone and vessels for
complex femoral defect. World J Surg Oncol. 14(1):291.2016

Kawai A, Araki N, Naito Y, Ozaki T, Sugiura H, Yazawa Y, Morioka H, Matsumine A, Saito K,
Asami S, Isu K. Phase 2 study of eribulin in patients with previously treated advanced or metastatic

soft tissue sarcoma. Jpn J Clin Oncol. 2016.
Kosaka N, Yoshioka Y, Fujita Y, Ochiya T. Versatile roles of extracellular vesicles in cancer. J Clin Invest.
2016, 126(4):1163-72.



(2) 28« VURTY T LEIIBITAHHE « RAX—RE

FELUTR (BREH. FF LI EWA -
N REH A e FF L
MBH « RA L —FEEK D) (FREA) S D]
The 2016
Upper
Extremity
Tumor
. . . 2016 5 H 7| |
Cancer proteomics (FAFF#HTH) Tadashi Kondo Treatment and : o+
Hand Surgery
Advance
Technique
Workshop
5 89 [A] H AHK
o — . s e, | 2016 A 5
WIED 7" 1 7 7 — LT Uikt R A B x5 L2~15 5]y
firies (M)
567 [8] H A
RADT 0T+ —MEHFOEZ | LT 9016 4 8
" ST R RIKE 2R B[R
U7 (R N 26~27 H
Ay
) Asia  Oceania
Proteomics approach to sarcoma
o o ) Human 2016 4 8 A | .
research toward clinical application | Tadashi Kondo AN
o Proteome 21~22 H
(G _
Organization
10" Central
) and Eastern
Biomarker development by cancer ) 2016 4 10 A | |
_ o Tadashi Kondo European A
proteomics (AR IE) 12~14 H
Proteome
Conference
DD A DB & R T B G %5 89 [m] 0 AR
. = . . 2016 4 5 J]
i i —Connect the Missing | JIIJf = AN = 1915 H =N
Link- (AT T L) (B i)
%5 89 [m] 0 AR
- WA Lk D BT ELTR R R 2016 4 5 H
L T e 1 4k R % 2 P
BA¥E (BB WHERH) ‘ 12~15 H
(%)
55 T2 [A1'e IR R
H RS O W & TR . BRI RGES | 2016 4 6 A
s JIE = - EH
(RHR) (e R I 18 H




KL TIEWITZ20vER —/h 55 55 [F] H AN 2016 4 6
T B JE BE oo B —  (FERIGE | )IDE = Ui i B i iF 2T 94-25 [1 EHN
1) =
JUFE . William D.
Tap, Robin L Jones,
Bartosz Chmielowski,
Anthony D. Elias,
) Douglas Adkins, Brian
Safety and efficacy of "
Andrew Van Tine, Mark | &5 49 [0 0 A#K
doxorubicin with or without .
_ ' Agulnik, Matthew M. | A N 2E | 2016 4 7 A
olaratumab in soft tissue . i EA
) Cooney, Michael B. | #REBIEE ST | 14-15 H
sarcoma: randomized phase o
. Livingston, Gregory K. |4 (HR)
1B/2 study (F17&#)
Pennock, Amy Qin,
Ashwin Shahir, Robert L.
Ilaria, Ilaria Conti, Jan
Cosaert, Gary K.
Schwartz
B EER KT
T —Z OB E . EEEHFEE | 2016 4 7 H
< - . NH = R &N
DADRRS LE—  GE) Z—kIJS—|25H
(B %)
Systemic Treatment for Soft " .
Ti S C t A LA R 2016 4 7 H
issue arcomas —Curren .
I3 = KI5 7 & EH
concepts and the latest . 28-30 H
. s (F8 )
findings- (FHi#H)
[ 7= 2508 AU B 9E 2 4 4 ] DR ARE
AYA RO EBRE /NI - » =74 — 201648 H 6
o T JIFH = _ EN
AYA HRONABE IR Z D E 752016 (R | H
WEE?” (AR Y T L) i)
TN Fy
- s " Y —7+— | 201648 H 6
HHGHNE () I = _ EH
7 22016 (R | H
Jny)
) 519 R
“Sarcoma (PIE) OK” G . R 2016 4 8 A
) JIFH &= fEEE I F— 19 1 EH
B ()
Recent Advances of Sarcoma 60t Korean
. ooy . . .| 2016 4210 A |
Treatment in Japan (2> 7RV | Akira Kawai Orthopaedic 19-29 AN
L) Association

10




(Incheon)

%5 54 7] H AR

Recent Advances of Sarcoma . 2016 4 10 H
. e DI WIEES =
Treatment in Japan (ZH:HH) ) 20-22 H
NI LR - B3
NEBEGIES —ERE— (& MR P 2016 4% 10 A
INUHEKEDIE Y — R R ;
B | ” JIIE. LR N
BEZI7)—
T HHHE (56 5
[\l - BREY)
4th
Evolving Treatment of )
Singapore
Sarcomas -The role of
) ) . Sarcoma 2016 4= 11 A | |
multi-institutional and | Akira Kawai ) AN
) ) i . Symposium 5-6 H
international collaboration- (i# .
; (Vo HR—
1)
JV)
Rare cancers in the Asia Pacific ESMO Asia
. . 12016 £ 12 H |
region, Conclusion (> 74T ¥ | Akira Kawai 2016 (v W 16-19 H AN
) R—IL)
Challenges and resource
stratified management of soft ESMO Asia
.| 2016 412 1 |
tissue sarcoma treatment in | Akira Kawai 2016 (2> 7i 16419 ot
Asia, Introduction (>R T ¥ A=)
)
Circulating cancer-associated sth
extracellular vesicles as early | Yusuke Yoshioka, )
) International | 2016 5 H 4 |
detection biomarkers for | Hiroko Tadokoro and ) AN
. i meeting  of | ~7 H
pancreatic ductal | Takahiro Ochiva ISEV
adenocarcinoma (A% —)
RS, = A,
EHEEZ, kT,
W — 7 = —%2HWiz [ A LclE, BRootd T, S
- \ - "’ H AR -2 | 2016 4 10 A
%%'ft/ﬂ%%{tﬁgﬂgﬂﬁlﬁﬂio)‘{é EP:%}:E—, ﬁlﬁ%j%’ ,ﬂ:%,\/\ (*ﬁ]ﬁ:) 6 H Ijil
DR E= ppas
WERERORRA (G0 ASERE, RREH, |
I =, TR,
il 1=
I 5, o ) HRER
. . . e ) HAG T4
TR A LSS0 2 HE M PRF A O | 29— M, ARETE—L | 2016 4 12 A
e FaFs (B EN
R (RR2—) AXH 2 H

%)

11




=7 VY —=h~vA 271 RNA O)®

H5 4R AR

miR-101 (AR A ¥ —)

Fa (B

. " 2016 4 10 A
Nz~ —— L LToOEREY | LE EA PR TR T 90~32 H
(A3 1) firte s (Biik)
Nucleolar stress-specified
molecular connection of -
, %7 6HHA
miR-101 and p53 as a novel ) R ) 2016 4 10 H
o ) | Tsuchiva N VRS
clrculttry 1n an  intrinsic (K 6~8 H
tumor-suppressor network (i B
1)
Fine-tuning of p53-dependent - %39l AR
Fujiwara Y, Kohno T, . 2016 4~ 11 A
nucleolus stress response by . DFEMTS
Tsuchiya N 30~12H 2 H

=

Esla)

(3) TEER & DR - Hifrxdahittz )

FrtEmEA L

(4) FrarHifE
FritFmE2 L

(1a's us a3 QR iRz

12




