3 (EHN4)
[16c¢k0106100h0003]
SER 294 48 3 H

WOk 28 A FZFE P JEOBH R K R WOE &

I EAER

X 4 (AARRE) R AVERFEHEITTE 3

(3%  EB) Practical Research for Innovative Cancer Control

WRERRFSIRES © (AAREE) DS AR AR 2 PR Fh & BV W A O 2 hSH L 72 il 22 o 2
T ARISLIZ BT D HFSE
(I EB) Development of early diagnostic biomarkers of lung adenocarcinoma by

the detection of cancer—derived protein fragments in the urine

WFZERR T (HAGE) EESNR SRR AR R N =0 % #de e
e &k K4 (#  F8) Division of Neurology, Respirology, Endocrinology and Metabolism
Department of Internal Medicine, University of Miyazaki,

Professor, Masamitsu Nakazato

£ofE B M B 28F 40 1H ~ ERR 294 34 31 H

oA (BAGE) EAEOEEMRNT
BARIES - (I& FE) Mass analyses of the protein

WFFEBRSE Sy (AAGE) ERZRFENKBCORY: BEAEVIEITERE « BB 074 I 7 A
WHoER B mE Ol

Frie &k K4 @ (3£ FE) Laboratory of Protein Profiling and Functional Proteomics
Institute for Protein Research, Osaka University,

Professor Toshifumi Takao

S AR (BAGE) Mimslel & BRREMONE, KRBT
FRIS L - (Z &) Clinical study of lung cancer, structural analyses of the protein

fragments in the urine
WFFEBASE Sy (AAGE) ENLRFEN BIRY: KRFPFLEFRFERHE 7 /I
B EAK RIR



e ek K4

WHIERASE S A

AT ek KA

Sy HRAFFE

PIEIRE A

WHIERAsE S A

g felie K4

Sy RS

PIE IR

WHFEBRYE SR

ATl Bk K4

5y FHAFSE
PrHIE IR

WHFEPHFE A

AT Bk K4

(A AS

e

(5

(H A

(AA
(4—!—‘

S

(A AT

(A A

(4—!-

S

(H AR

(4—!-

S

(A A

(4—!—‘

ES

(H A

i)

CI=]

i)

7

CI=]

Division of Medical Oncology and Molecular Respirology, University

of Tottori, Professor Eiji Shimizu

JitipE ek & R O, BRI ORETT
Clinical study of lung cancer, structural analyses of the protein

fragments in the urine

SRES NI TP IS S L L
L AR

Department of Respiratory Medicine and Rheumatology
Institute of Biomedical Sciences, Tokushima University Graduate

School, Professor, Yasuhiko Nishioka

JitipE ek & BRGSO, BRARRER OETT
Clinical study of lung cancer, structural analyses of the protein

fragments in the urine

[ENZAFFERRFEIE N ENLAS AR | o 2 — BT
3=

Department of Thoracic Surgery, National Cancer Center Hospital

IR g d Ak

Hoa M

East, Medical Doctor, Keiju Aokage

fitigea Rl & R TE O IR, BRI RER DO a1 T
Clinical study of lung cancer, structural analyses of the protein

fragments in the urine

ESRVAT] 5705 i = (o R ] e 2 S S S P T S 3 SR e
National Hospital Organization Miyazaki Higashi Hospital,

Medical Doctor, Arisa Sano

WHIET — & OREEHFERIREMT

Statistic analyses of the research data

R REEHEN WA R
g AN R

Division of Data Management, Department of Social Medicine,

F— B R RA N ERE

University of Miyazaki, Associate Professor, Yasuji Arimura



Gy HRAITE (A AGE
PZEIRE A C

1=}

iRkl & BRIR T HR OISR, IR P& FVEWT i OREE AT

Clinical study of lung cancer,

fragments in the urine

structural analyses of the protein
WFFEBASE Sy (AAGE) ESZRFEN  HIRKRFETS

B BEN PRf
ArlE ek K4 (e GR)

BNBIERRIE PRSP P o s 0 B

Division of Neurology, Respirology, Endocrinology and Metabolism,
Department of Internal Medicine, University of Miyazaki,

Assistant Professor, Hironobu Tsubouchi

SRR (AAGFE) WRRBROE=421 7
BRISLEAL - (I &) Monitoring of clinical study
WFIEB 3 (AAGE) ENRFEN B KFEEFBAREEE AR N e 50 B
Bh#: taoc 1854
i %% K4 . (3% 3EB) Division of Neurology, Respirology, Endocrinology and Metabolism,
Department of Internal Medicine, University of Miyazaki, Assistant
Professor, Nobuhiro Matsumoto
ST EA S (AAGE) M iEflael, FEAE B0 & BR R O I E
BHISEREEA - (I FE) Clinical study of lung cancer, structural analyses of the protein
fragments in the urine
WFERHR g (AARFE) FESRFEAN
B M EA
ArlE emgk K4 (BEOGR)

EMRFIE IR BEIPIR A WS 757 B

Division of Neurology, Respirology, Endocrinology and Metabolism,
Department of Internal Medicine, University of Miyazaki,
Assistant Professor, Shigehisa Yanagi



II. FBROME (RIEHERE)

AMFFEE X, TG 2 S RIS R C & TRV VBT Al 2 [FE LT D, AIFFED B I,
Z DORFPEAER T O E . SRR S ISHREE L, Wil o BRI 2 TS 2 8 Th
%o HBURTEBDEW RO 1 HIEZENC I T DR E A M R — b OB L7z, 1 B B35 TR
HEPERA NI T2 2 & 2R Lz, PRk 27 4R 10 HICERR R A R & oL FMFFERK
s Lo, S HIT, Rk 28 4 2 AIZRTFIT ~HTHLO R R BB % HE L 72 (B3 A & (RS CRE
filid% ik, HFEE S 2016-030267), ZALHOMRZZT, BIfE, ENFFERRFRIEN A ARERFIERR %
BRI 2 HOFTR A8 A IR EAMEAFFE 3 3E (H29-31) & RIS AV IR AIAERFZE 352 (H28-30) 1238 W Tl
R W AT ARSI~ TR Ak L T D,

TER DR I ~ — 1 —1 %, FHE CORGMERMERNZ L BB E 72 o TV D, BFERERE 1T, kit
RPAAFTE S — XEEBIE R T 1 7T & DI R RN AT D v =T o v 7 EEM OEFERIENTIC
KO RIZW o A7 LOBAFE) (LAF, JATHE L 35, Rk 23 27 4FE) 128\ T, ME 2
3¢ U725 FE MR RIS AT IE I L0 . R 2 S i RIS 2 T D A O BT E BB W R
ZEE LTz, MilEOZK~— 0 —REOI2D Db Z D, R 10 ml THRIEN FAIRERNA ZL—T
v N OFENT R Z RN U7, T HIRAE B8 O IR % IV, multiple reaction monitoring fiEATIZ LV |
EE O R A~ & R A SR ISR T 2 BT o2~ — 0 — (EEAE A A ROC-AUC
0.85, B H'E BIKrf; ROC-AUC 0.82, B E'E CWrA; ROC-AUC 0.78) Z[FE L TW5D, AWFFETIEL, (1)
JifRIE 2 C DR~ — 1 — DR FE DRRGE & T4 & ORE, (2) MilRERE A U A 7 B (EVEE | R
PERTHRAESE . MR B R Y T RJFETER]) 2 *%t5 & LIz R~ — T —DORERZ WY — L & LTof
e, (3) T WIIREE G O EREER, B PH TPll~—0—, WBRIR TR~ — I — LR~ —
H—LDOEE, O3 onTuver FEitEDT,

[EPN 5 g (I Rse, BEORS:, [ KE, ENLAAIEE 2 —RRRE, IR BRRE) O R 2N E
& MER SRV O E B 2 X BT, Rk 26 4F 10 A 28 H OIEFIXREREAAD D 815 JEF D E 51 % Gk (BFFT T
3 M 0D BAFSE B 780 BTt L 104%4 #ER%) 256 T L7, JEFIONERIE, (D FilEe 2116 (551
Wi 95 B1) . FEREVERER RG] 173 I, flEEfE 110 B, EEMZEEZE 31 M, EE 83 M, (2) H
RIS 50 (51, REFEMERARMERERE G 51 B, /NELZ U 1 F AFFZAER] 51 61, (3) Wil 55 il Td - 7=,

T i fiRgee BB 80 10D L B W > ROC-AUC {28 0. 74 T o 7=, ZIUTIATHIZE & A5 O R T,
BERAW BTV A IS CEA (ROC-AUC: 0.58) % E[Al-> CTuhz, ABHIRZTT - 72 T il g o 18
JEBIC, Wite OIRTE VEW R MERT L VK92 2 & 250 L2 GRAE CIrA. AT 1,000, 24,
Ttz 0.6720.18), & HIZ, FFRFZHES HRCT F 20mm LA N DF 0 H 7 ZRkEEE 2 2 LT T HIR
¥ 10 71 (9 B minimally invasive carcinoma 4 51, adenocarcinoma in situ 541, lepidic predominant
adenocarcinoma 1 ) IZ2OWT, BEEE BWr A OBEMERIZ50% T - 72—, IfLIE CEA EOBHMRIT 20%
Thol,

Jiti g e & AR P B Rk A VD, IS CERE AL BB IOC ORINTTEL TWDHZ LA
LI LT, THETICFEE L TWAFHURF B ABZW~—I —FEMM 7 FEIC OV CRENICKIST 5
RY 7 a—FAHiREER L, ZEORBREEZHN Ty = RAZ T a v T ¢ ZEICTRIEEIT > T2, i
JJeE AR C B VT A OB LR ASIE R AR & i L C 2.3 fF ER L TWaH Z LA RH LT,



‘>E%
<

Lung cancer is the first leading cause of cancer deaths in Japan and United States. Early
detection of lung cancers is quite limited because of the lack of sensitive and specific biomarkers.
Using our own technique of comprehensive high-throughput protein profiling excreted into the urine
that can detect small amount of protein fragments with only 10 ml of sample, and MRM (multiple
reaction monitoring), a cutting edge of highly sensitive and selective method for the targeted
quantitation of protein fragments excreted into the urine, we recently discovered multiple early
diagnostic markers of lung adenocarcinoma. The purpose of our projects are (1) to validate the
diagnostic accuracy of these markers in early lung adenocarcinoma, and (2) to establish the diagnostic
methods for the introduction of comprehensive medical examination.

We validated the accuracy of these markers in the diagnosis of stage | lung adenocarcinoma.
We measured the protein fragments in the urine and serum levels of CEA, a conventional tumor marker
of lung adenocarcinoma, in independent cohort constituting of five independent institutes. The cohorts
comprised healthy control subjects (n = 83), patients with lung adenocarcinoma (n = 211, including
stage | lung adenocarcinoma: n = 95), lung cancer other than lung adenocarcinoma (n = 110), benign
respiratory diseases (n = 173), idiopathic pulmonary fibrosis (n = 51), heavy smoker (n = 81), and
patients with ground glass opacities in the lung HRCT (n = 51).

ROC-AUC of protein B fragment was 0.74. The ROC-AUC value of the urine protein
fragments in the validation cohort was comparable with the counterparts of training cohort, and both
were higher than those of CEA (ROC-AUC 0.58). The level of protein C fragment was decreased after
resection of stage | lung adenocarcinoma (before resection: 1.00+0.24, after resection: 0.67+0.18).

We observed the increased expressions of proteins A, B, and C in the lysates of lung
adenocarcinoma tissues. We produced the polyclonal antibodies against seven types of early diagnostic
marker protein fragments, and validated the accuracy of the antibodies in the detection of urinary
protein fragments by western blotting. The ratio of fragment to protein A in the cell lines of lung
adenocarcinoma was 2.35-fold higher than that of normal cell line.

We demonstrated that the urine protein fragments which can distinguish the stage | lung
adenocarcinoma from healthy controls at high accuracy. We observed the decreased levels of urinary
protein fragments after resection of stage | lung adenocarcinoma. We have applied a patent on the
thirteen novel early diagnostic markers of stage | lung adenocarcinoma (Patent Application No. 2016-
030267). We have conducted the licensing-out of our intellectual property right to the company of
clinical laboratory products.
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Lung cancer is the first leading cause of cancer deaths in Japan and United States. Early
detection of lung cancers is quite limited because of the lack of sensitive and specific biomarkers.
Using our own technique of comprehensive high-throughput protein profiling excreted into the urine
that can detect small amount of protein fragments with only 10 ml of sample, and MRM (multiple
reaction monitoring), a cutting edge of highly sensitive and selective method for the targeted
quantitation of protein fragments excreted into the urine, we recently discovered multiple early
diagnostic markers of lung adenocarcinoma. The purpose of our projects are (1) to validate the
diagnostic accuracy of these markers in early lung adenocarcinoma, and (2) to establish the diagnostic
methods for the introduction of comprehensive medical examination.

We validated the accuracy of these markers in the diagnosis of stage | lung adenocarcinoma.
We measured the protein fragments in the urine and serum levels of CEA, a conventional tumor marker
of lung adenocarcinoma, in independent cohort constituting of five independent institutes. The cohorts
comprised healthy control subjects (n = 83), patients with lung adenocarcinoma (n = 211, including
stage | lung adenocarcinoma: n = 95), lung cancer other than lung adenocarcinoma (n = 110), benign
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respiratory diseases (n = 173), idiopathic pulmonary fibrosis (n = 51), heavy smoker (n = 81), and
patients with ground glass opacities in the lung HRCT (n = 51).

ROC-AUC of protein B fragment was 0.74. The ROC-AUC value of the urine protein
fragments in the validation cohort was comparable with the counterparts of training cohort, and both
were higher than those of CEA (ROC-AUC 0.58). The level of protein C fragment was decreased after
resection of stage | lung adenocarcinoma (before resection: 1.00+0.24, after resection: 0.67+0.18).

We observed the increased expressions of proteins A, B, and C in the lysates of lung
adenocarcinoma tissues. We produced the polyclonal antibodies against seven types of early diagnostic
marker protein fragments, and validated the accuracy of the antibodies in the detection of urinary
protein fragments by western blotting. The ratio of fragment to protein A in the cell lines of lung
adenocarcinoma was 2.35-fold higher than that of normal cell line.

We demonstrated that the urine protein fragments which can distinguish the stage | lung
adenocarcinoma from healthy controls at high accuracy. We observed the decreased levels of urinary
protein fragments after resection of stage | lung adenocarcinoma. We have applied a patent on the
thirteen novel early diagnostic markers of stage | lung adenocarcinoma (Patent Application No. 2016-
030267). We have conducted the licensing-out of our intellectual property right to the company of
clinical laboratory products.
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