R - HPEICB T 23S . LSRR Z2 4 H
THEAITIIRNELRWVERTHD (M),

K9 A4k - MRS HM

QR HEERESEA LA,
iR m @ HE =

| BIFOHESRE?
] e

BIHLOBRE?

ﬁEf%ﬂ. RTIN?

%]

10) MERE - BRI EAT A
|
BE L, PIBRABIOMEERBEOY A7 [RFT

%U\Eﬁﬁﬁﬁkﬁéoit\ﬁ@iﬁﬁﬁéﬁ

T ENEZVDOTRERFERDO—D LD (K1 0),

10 MYE - B 5 EM

BORNFIBYRTA  mma
Q @ﬂ@%ﬂl&ﬁ“)ﬁ?‘b\"

ZE | 1BHEYORKEBUERM I ?
i 18] | |&<Bunve || 4

Q SEEROBEBYETH?
[ ]

| BEERCEEERRLTTEL.
L 1

Erel 25

11) FLDS A D ZEIRIE
B ADFEBEREL, BEOILSA LW D HREIC
T ORTIEDFTICRE S EELRIETOT, HE
RIEWE T2 D, FRIT. BIRNAKIDTRIR % T =Kk
DITHEZ IR LT E D DT, FIS AKI OB RO
TERERICBED DR L e D WREMD & 5, JNELHE
RZDOMOFEITH LT HRFROIBAKIBER sh

38

DT, ZDORBRILE
%,

I1E R Bl 2 RIREMEDS &

X11

LS A DFEIREE

CRROADNADRREBERZE,
EHXIC HOMA

@F_ wm sM Witk o8
| SN | I | I
EExer @ [asl

K12 JLAADOIERE

Q) ChETUNRATARERT=BEBYETH?

[
| EEELLOUMSATIN?
‘ L1
] [Ox=]]
12) FLOS A D IRFRIEE

WIROZ e D, A DIEFEIL, HLiA
FIBhRTH & BRI AR THD (X1
2). ZORZ Y AT KRR EEEL TWDH DT,
LRI D FIT OB EREZ & O CEE LWERIT
DY AT LA TRENCERD Z L2725,

13)
Z DD BETEE
SRR A, FEPARLEDMOBEERD 256
PIDBABENRIRZZ T TOLRRERH V. HIsAH
DHEEEROBDL L LEREHRE LD (K1 3), £
DMOFEIL, BEI A, BBA KIBBS AL MDA
JFlgAs A, REZERS A, RHENR A, BEDR A, BN A
RISCARDS A, AL, BMEY Vo8, Zoflie L,
ZORIEFEM & & BICHERT S (K14),

GREARA - FEIA



K13 BUEMRA - FENALOEE

s @ [Exa

K14 ZFOMoNALDOEERF
BORNRIB L RT A . mmE

Q. ChETEAA - BRAA - -T-E‘#hlolﬂd)ﬂhl-
ADOEABHYETH (EEBRED ?

PR

£

EEsE el

14) i@ AR R OB
I NE R OB IIN WL 21T O BRI BE
DR NEREBICEDAE#RERD (K1 5),

K15 ImARFTOBEE

BORNMBL A7 4 nas

Q ChETRAROFEHERH-BNBYETH?
HIZHXLRRLTTEL,

o=l O R RIBRRHAH
OFELH OmfUsRHEE
OFE+HAIRERKH OfEMH
OFBE+mIMR T

| ZhEAROBTTN?
=

s

15) HIE AR EL B

39

yi%

N WL 21T 5 B D BRE O ik R V€ IREE
WL 5 2 5HARBORNLVE CRTRFRIEDET &
PARRRT OB LV OFERREIZ OV THERT 5 (K
16),

K16 HAVEUCRFEEE O RE

ﬁﬂbb&@ﬁ@ﬁﬁ%ﬁiiHTU$bﬁb°
e | kema
¥ﬂ%ﬁ‘b@ﬂli& BEALESL,

Q ChETELEBRALEFRBYETH?
1

L oo T 0l

16) Z DAt DR B D BETEE
DA LIS DIRBOBERIZ DWW T, BEOHF
AR L L THE DR L IEFCRIZ DWW T OF#H
LRZD L, FIRAFIRTFRLEEEBICEEL
G22WFL2%, BEEREZ 7 vvyx— iF, IRE
Mg, fHehm - M, fEBREs. THibas. B. K. /R
AR B - BE N - PPER. B, WARORERNIC D
. ENENOREMNOEERRBEZHEE L CEER
REBITBIRTE S L51ICLiz (1 7), BIROXS
B A TR B LS DRBIZOWTIZF DO
F—AR— FEZAVWTEEANTSHZ LT,
17 ZOfhoREOBEEE

BORNRIB L RT A #ime

_ni't‘b\i:\ot%a)fmwﬁﬂ’&&x.'C(f-'c‘SL\
8 MEOHI

CICH | O

1)

2)

204

3)

8

5)

s




BEOEFNRERFRTHLIIR EEEIT
WIS N5 Z oA RnE Bbhd s,
BEOHEREZMATZOOEERERTH Y,
BMI Z5HE T 272 DIMLETH D, IBAAISDRT
BIRLEMHRBICRE < Hb2RT1NEE ORIV
ERETHLOT, Y. HRKEE, FARIRE,
FER - HEE, S DM AR FENE, Are o wik
FIEOIR R TR eV OFERBEEZ AT, £7-.
WA TIPS AKIDIFENEDO Y A 7HFEEZD
D VEE JFIEE A0 5 WREMED & 2 8B & I 2 72,
PR AFIDRTFRSEEBRBICEEL THLODOHT
3. LBADBEREPRLEETH Y, TR
L, IO AT AEBEN TR 5 Z &2
Bo HDBALSNDDRINZDNTIE, IIER A, F5
WA B I OZEOMORAZBERICHERIER & Lz,
ZOHELBENHDEEITIL, ERIHIAFID
AR EZER T2 0ERD 5, BALIORBD
BEERIZ WL, HERB L L THREDRRELIR
FRMEIERET DL VWIBREANOEETHD DT,
FEREENIChIT, TOFOEELRERIZONTIL
MR L T, WREICERRGOND KoLz, A
DFERETIX, FIROEOIBFEEE D BIVEA R
DEACHRFRE D FREZ R DT DM B IFR L
B,

BEOZRIZBOW T TFR2AKR EZHWTE
HERHORBT AR LD LRV DT, EMIC
PR T HHEENEON., LELREBICERARLY
%< Hbhd, REBENSZWEEFZHERT LVTY
A LOEFELEBERREREOERICHANWS Z &M
EEEL 720 FUHS AKIZH R T IR MR A 7T 3
HZELEEEE RS, IbiT, T—FN—X{T B
IFRDTANBRELRY, Z<DOFHEETD
TR, BRIAREMBELRET D, R,
BEORE L-ERNa— MeahTunind, A
HEDIERBA 0 IABNEOH—ENKbILD, =
NODOMELRRTHT-DICHARE L2 27T 4
DERMIRa 2T M

@ BEMWEZIANTESL LD
©) ANFT R THEFELEIIT I

40

U — b SNBRETITA D D,
©) A&, BRI o - ERE
WOEF 2T 4 —BFONDEHD
@ BESCHERNEZIZITEDHD
Thd,
aET 1O TBRERESICANTEDLI LD
WZOWTIE, # vy F/8RIDEERZFE, T_CH
HEIZfNLDIZITTAANTED LSITL, 2o, &KX
HIC1EHBZ 1EEm CANTESLSICL, NED
2L ZATIIEROBEEZ AWV, S TANTE
HEoICL, BrHILE—TUEHLBLITATE
LTWFB &5z, a7 k2220 TIA
NTHERERITIIEALELTHIT I —kahiz
WEZEL, b Fuyr &y o b Oies
ALTERTESL5ICL, ¥—Fh—RFRRLTAS
TEBHEIT LT, avrEF 3o Tid, BFE
BANT DR TH D IPAD N BHHA D PCOIH
77 ANEBRWTCAATEOT, Aﬁéhki%ﬁ
L iPAD NIZiZ7e < | iPAD & & HiZT — & 3R
?6927%éié_kﬁf%éaybalﬁﬁ\
I 77 A40EFTHZET, BEVRANTD 740
WIEDDBEDT — R A>TWRWREE T 5,
a7 b4 OVTHE, AHEE CEE. RE®EIC
RAHZENTELIIICL, £, ANKETHIX
AﬁW@%UxhKLTfUVﬁT&%L\%%E

OBRATTANEZHERNTED LT L,
E i
Retrospective |ZZ D2 AT LIS £ THIZO

ERET

DETHLNET—FEAANLTHRBLE, £ZD
HH CREMENRTHZENRHLNI -T2 Lk,
COMBATLAERWD L TREOCEREROE
RLEMRKEBICLETE D LH/IL, 22 THELN
DT — ZIIHUH AFIBN R T R BMERES D FFATIZ &
THLEZD, ZOMBYATAOANBERIL2 2
2OT, 1THEDPANILIS~30WLELTELE
ATNCDDBEERIE6 ~1 14505 Z &1,
AROFELIFM TANR AL Bbd, ZOMZ
VAT LOFAMEEBREOABEOBRERRIET A7



OIZEERFZE %

EHE L TV B,

41



JEAE TR ET e R A B & (D5 A BRIRBIFZE S 36)
SyamFTE s

3 o EEMHRIE O BIE R & BEERRHE I S0

Wroesr

RO
A. FEOEE
PURE PR AR il it & L C o

GV AL S s D=7 = | AN A B b A
B EOFRFMREN LIZLIEER ST D,
BUAZ VLT ANIBWT, Tarrapso0Lb
SHT3 #HEPUIEOFH 2 M RBEDIRIR & L7277 T B A%t
MR T & AL ER T, FilHAIcH LT TV
X Rtk ba i oFSMERETD
2 (R1BR), 7ALER NeFTFoHFE
I LT T v MU BR TG . kR R
STELICELTEAT o e BMERL TV, L

2 UBEICR R M FETE SN TO D HUREME DS E

TN AU Xt s g BPR B i S A 1 Rl = B Dl N i e S
BT 7 MME R ZIT S Z L IIREETHY . A
A FIA 2 TOBMNMERHZITE > TR,

44
N
mnas
R I
=
B

2 T

¥ig(day1-3) BAE

M O TROS+FFESABYL TSR - JOoOiRSTLISER
JSZEROV+FFEIAPYL+ TSR - JOJUARSYI+TI SR

Bl /O /O +FHFIABIATILEIY b= PILESTU N +FEBABYS

Bl to/etOs+5FF9X8Y0+ ISR - JOJOIRSTL+FEIASYS

K1 @mUARZLVIPALT, Taraiis o ff
AT \a /by (F vs. ) T 7 LEH
Uk (R vs. &) 1XFOFYMEERE LR o7,

1 =2 — X34 ) OB 1THI AARIRD ACHRIETH
2 A, FEC FHEITH 4 M. fitAlo7 7L e 4

SRR AR SRR e » ROl At v & —

42

e AE AR

MZ 151200 2 LTCs8m /& b g 15 4500
M., —F47 ¥ 132000 (10mg/ H, dayl-4) .
ayalT Y 03120 (30mg/ H, day2-3) & 3E
WIZZiTH D o Bl - a2 7 OBSE T, i
MOBEERRBRICHEC /bt TXHAYY
VT 5K E T S LE X R b AT oYY
VIEERT LT, 1A 7 AN 0K 1 TR0
AlEHNEIC 72D (M22H), HARKTEZD L,
TV NTHA 2 ) o RERNOERIEE SN DFFE
PEFLEF R R U X 7 B C ORI MERKD 4 &M
HI R 23 CTh D,

)
30000 [

FEIAGV S

25000
20000
15000 | e
10000

5000

0

K2 194 7dHi=h OxEHRE

PEG G-CSF

FEWER G-CSF (EIN TIXARH F5H) o AT,
HESL TSI B b b EE M & (6mg) T S
TWb, —F, S CTEHERE G-CSF ok 525
T BARANLEICBIT 2 8EFFL e O YBEICBIT
ZREHI 7R RRET N B /M7 B AR NI PEIZ BV TR
KAEFEOMAE (6ng) TIHBEHRSGLERVEET
HHAFEME L R ST, BARANCBW THERIS
HEFTARTZT XM T HRBRTH, — BT O
3.6mg MHAAANCBITOHERAETHS Z LR E



iz, EEWERA G-CSF OB I 2 Rk UARRRH S
FEBE LT T BRART ¥ LLE 111 FEEE
HEATIE, BHARAOHRAEIZRBI 2B WA DR
WEEE i,

B: f&im

MR OHIMA & L TOfEA
IEFITEMAMEL BRE DB IETR SN TV DHHERRA
R Lz fIERIEIL, T OFMEIC IV TRET
OHEIEFRIEICHED L b5 0T, P OBEAXPIRNBIE
FIENLTWA Z L 2EEFHEE TR bZEORE
WX — T TR EFRER Lz, 4%, flRiED
HA RTA g LR Anbiiud, sREELEE
72 FEBEMEOZ LIS T 518D TR E
wLd,

PEG G-CSF

I b RVEEAE LS sh 2 REEME
G-CSF HFNT, HEO/NINWEHETITAERETH
AT LR ENT, £V %L ORKEEEICRA
LTH56H T EBNELEZ, BREFFEBETRD
EEORINY Yy — TV THRERRKR Uiz, &I
HUL-REZEBR TENEIEESROBBOALRD
FTEFRE OBERBIHFTE 5,

C. WFoEHER
1. FCHEE

43

2.

Ishiguro H, Kawaguchi K, Nishimura T,
Toi M.

Antipsychotics—containing regimen as an
alternative to standard anti-emetics
for delayed nausea induced by highly
emetogenic chemotherapy.

J Clin Oncol: Vol.31, No.10, pl377-8,
2013.4.1, Epub 2013 Feb 19

Ishiguro H, Toi M.

Body size may matter when determining
pegfilgrastim dosage. N Engl J Med:

Accepted for publication

g

L

o

D. MM EEHED R - BEARTL
FEFs

1.

2.

3.

mL

o

E BT RE

sl

i

7wl



RS BRI EN R MBS (DS AERRITZEE )
SHEBTEREE

B ARIR TN L DN ABEDOEREY A7 1ifl &
IR X OERRR B AR B4 5 BEERIDTSE

SHNTIEE  ERE ER KRR

ot EE

JRREMEFLBR R SRIEOBEISICEA L C  BAXNDRLED A KT 4 U 1E
D CEEMRSIHICH HEE O National Institute for Health and Clinical
Excellence (NICE) T, BB a2 ATA RTA L ETHEREY A7 N
FEEDEMNIZE->T, 21 BEF 7 F2F ¥ (OncotypeDX®) ORBREDFEH %
BO2BERPBF SN TN D, AFETIE. DAEORRBHE~D NICE #
FICHEL B TOEANCE L TEAMMREZ BRI L, BRIT. LNERS 2 55
LA L, INHEFIZX G & LEEHAOESERDRLTEREN,
¥305,414/QALY &¥600,863/QALY &72-o7z, O IREROEMFTERICRT
DA EH W E B ORBIEY5,000,0000QALY % FEV |, 21 &ETF¥ 72T ¥
OERITEBIDRICEND Z LB LNTR o7, BFEOBRILIE, DA

ETH NICE LB LB TOEAZIRTHIENTED,

A. WFFEER

FIE LT — BRI AABREITBWNT,
BREY A7 OFHE & EFEFEOHRFRICESNT,

WAL FREOBEISEZ R L, RO RIADRWEE
PR ERET D Z LIk o T, BIEBEEIC S5
L& EFHE (multigene assay) D72 T, [EHE
MIcERMEEnTW? 21 BRFVIIXT ¥

(OncotypeDX®) %% i % [ERAV 22 B A A
RZ A B OERI IS L TIT o 72,

21 B F 72 F v id, KERRES Y% (ASCO)
REKREEER R Y bU—72 (NCCN) DEEERA
A RIA NCHEBIRAEN TV DIREFEHRE D=
DELFBETH D0, ERAMBEY (BARTIE 45
FH) ZERFEEOOESTHD, 2L, TnE X
. ZEGCTFREICL ORWIEROZEIERICEDS
WT, ITRLFRIEOEIS & ENTZRBFIZONT,
SBEFREIC L > TEASEY (&KX 100 HHE
E) ALFRIENER SN D2HELH Y. BEEMED

44

PHERBIER & WO BRI DI, EURRFEFMmN K
oD, Fxld, KFEREDOFRK 22 FEDHHE
L LTIzt ANERGIECIOREL
RS2 2 EBRHEESNIZTANDND BDTHD
Z &R LTE (Kondo M et al (2011) Breast
Cancer Res Treat. 127(3):739-49.) .

—75. EBRBRBRETA NI A VBRREDRNT,
INHOTE R BE O R CEFR LA OB RIS 2 TE A
PROLEDHA RTA MY CEERRIHITH
% % [E @ National Institute for Health and
Clinical Excellence (NICE) T IR %L
FREOBMICE LT, Z2EETHRE (multigene
assay) # 8 EEEMOBREN RN EL, BE
FEDaLrw s YATA RTA R ETHEEY 7R
PEEOEMICR-T, 21 BEFVIRF ¥

(OncotypeDX®) DHBEZFEH T HEERN T
U2 aRry 24T 2EREETEALTVD,

Fio. DRETHER 26 FEODRBMUIEIC
M T, FRASERERBHS ISR TERE



OEREBDE~DENIE L TEANDREZBREICA
N3 FEEZRIT 2 EAMDRIFMEMENID
A0 NICE O#VEICHERT 5 L 5 2B AR
b EEICAN T EBEIS OB BRO NS L DI
RoTETVWD,

Z 2 TAME T, O EOBIEDEHIER TH
FU R 7 PPEREE L BT SN AIERICIR - T 21 &
BEF 72 F % (OncotypeDX®) DOREZHEHT
HGADEAMPBREALPITOI L ZHREL
7=

B. Wik

HATO 21 EEFV 73T ¥ ORFEHEMmE LT
HFFesy 3 51T - 12 5617852 (Kondo M et al (2011)
Breast Cancer Res Treat. 127(3):739-49.) DX
FAEERLT, BEOEHBR COERY A7
flie LTEFNMELTZ St Gallen = 2 H AT A
RS A v THERE EHE S IEF ORI 21 Eis
Fy U xF e 2ERALESEORASHRERIIL
7=, NICE m#%ZE Tk, ER+. LN~ HER2-JEHI
N2 TH DM, LNHEFZHRICT 556 SRE
L7z,

(R EEE ~DELFE)

ARFZEIE, XRICEDREET VI ThH Y ESE
WO HER IR O MEEEHII 1D b O
TIERV, 7272 L. REFM ORISR TH HEREAN
EEENICRES LTV HDTHD, TITTOD
FEREMIREE 1T L RIS 20 T & 2 FERS
7

C. WFFRER

£ 1 BNERAMNDROBRIERTH S, LNIESZ
st l LI-EE L, LNSEFAE LR E LIEE DN
TNTH, EHBRAIE, HODREELRoT, B
BERDBREREZTNE N, ¥305414/QALY &
¥600,863/QALY & 72207z, ZHHIXEROEMNE
AT VWEREORE
¥5,000,000/QALY Z# K& FlEo7, DEY, 21
WETFV I RTF v OFERITED TEAXDRICENR

45

D,

F1 BERYAIPFEEEN~D 21 &R
F 72 F X ERAOERAME

SN #H EIES

® (QALY)

LN- HmEE 3,627,193 19.48
BER 3,685,809 19.67
#% 59,616 0.19
W HERE ¥305,414/QALY

LN+ A& 3,818,952 18.82
BRER 3,911,744 18.97
H 92,791 0.15
W BRI ¥600,865/QALY

D. B%

DRETERY X7 BREFE & HE S DERNS
fRoT., 21 EEFV 7 FF v (OncotypeDX®) D
BELZRERDFRICEAT S LT, BREEOBAD
LS ARLOND EEXBND,

BRI AZICHLOTEAT IHEOEANHR
N, BoBEBRDREKRA. N—, Her2x T
¥384,828/QALY . N, Her2— T¥434,096/QALY.
N=#£, Her2+ T¥568,5633/QALY., N=x, Her2— 7T
¥614,765/QALY ThdHZ & LB H L, HREY
27 ISR LT SR D RERNCBR - TEAT D Z
L OBBREITIFIERETH D,

E. HW
ABIHBEEETD 21 BEFV /AT ¥
(OncotypeDX®) DIEEIZOWT, BIHIU A7 R

R EE DEEF~DFEAN NICEIZ X > TEE S D

& DREORBRBESDRRDOE TOEADHER

BIRED EEZDND, AFEHERNPDIT, TOX
AR TOBAEIFTHI LN TED,

G. WERR
1. FXHEE
Kondo M, Hoshi SL, Ishiguro H, Toi M.



Economic evaluation of the 70-gene
prognosis-signature (MammaPrint®) in
hormone receptor-positive, lymph
node-negative, human epidermal growth
factor receptor type 2-negative early stage
breast cancer in Japan. Breast Cancer Res
Treat. 2012;133(2):759-68.

2. FRER
ITHRIEZE, FHIEM. REMLEBRFINRED

Quality of Life : RFIBAIEIC X 2 DAEOHEE.

B ARAREAFSHRESTER 71 [E]. Page259.
H. MEMEREOHRE - BE&RE (TEZED)
1. RIS
2L
2. FERTEB&
2L,
3. T Dfh
2L,

ik
EilE FEKRENER

46



L. WFFERROTUTICRET 5 —R&

EHRA

R EA MVA

EELED

mEE 4

Ik

B 4

kLA

Hi Rt

HHAREF

o

ey

Ebata A, Sul
zuki T, Takal
gi K, et al.

Oestrogen-induced gen|
es in ductal carcinom|
a in situ’ their compal
rison with invasive d
uctal carcinoma.

Endocr Relat Ca
ncer

2012

19(4):485
-96

Shibahara Y,
Miki Y, On
odera Y et a
1.

Aromatase inhibitor t
reatment of breast ca
ncer cells increases th
e expression of let-7f,
a microRNA targetin
g CYP19A1

J Pathol

2012

227(3):35
7-66

Sakurai M,
Miki Y, Mas
uda M et al.

LIN28: a regulator of]
tumor-suppressing ac
tivity of let-7 microR
NA in human breast

J Steroid Bioche
m Mol Biol

2012

131(3-5):
101-6

Samarajeewa
NU, Yang
F, Docanto
MM et al.

HIF-lalpha stimulates
aromatase expression
driven by prostaglan

din E2 in breast adip

Breast Cancer R
es

2013

15(2):R30

McNamara
KM, Yoda T,
Miki Y et a

Androgenic pathway i
n triple negative inval
sive ductal tumors: It
s correlation with tu
mor cell proliferation

Cancer Sci

2013

104(5):63
9-46

Shibahara Y,
Miki Y, Ishi
da T et al.

Immunohistochemical
analysis of aromatase
in metastatic lymph
nodes of breast cance
r

Pathol Int

2013

63(1):20-
8

Takagi K, M|
iki Y, Shiba
hara Y et a
1.

BUB1 immunolocaliza
tion in breast carcino
ma: its nuclear localiz
ation as a potent pro|
gnostic factor of the p
atients

Horm Cancer

2013

4(2):92-1
02

Chan MS, W
ang L, Feliz
ola SJ et al.

Changes of tumor infi
Itrating lymphocyte s
ubtypes before and af]
ter neoadjuvant endoc|
rine therapy in estrog
en receptor-positive br|
east cancer patients—
an immunohistochemi
cal study of Cd8+ an
d Foxp3+ using doubl
e immunostaining wit]
h correlation to the p
athobiological respons
e of the patients.

Int J Biol Mark
ers

2013

27(4):e29
5-304

47



Tamaki K, T|Clinical significance fo Jpn J Clin Onco 2013 |43(8):251
amaki N, Kalllowing breast conserv 1 -7
mada Y et alation therapy with or
1. without irradiation i
n breast cancer patie
nts
Takagi K, M|Intratumoral estrogen| Horm Cancer 2013 4(1):1-11
oriya T, Kur| concentration and ex|
osumi M et |[pression of estrogen-i
al. nduced genes in male
breast carcinoma: co|
mparison with female
breast carcinoma
Takada M., |[Predictions of the pat Breast Cancer R 2012 [134(2): 6
Sugimoto (hological response to esearch and Tre 61-70
M., Ohno S |neoadjuvant chemothe atment
et al. rapy in patients with|
primary breast cance
r using a data minin|
g technique
Takada M., [Prediction of axillary BMC Medical In 2012 |12, 54
Sugimoto [lymph node metastasi formatics and D
M., Naito Y.s in primary breast c ecision Making
et al. ancer patients using
a decision tree-based
model
HEE 2 BB EEITIL A A O W R R AT F—HRNaEED ¥ — 2012 [p142-145
=) s vV RDEDOF L
Eer ) —X 4,
R IR IR GRTIR
BHHE  |ASCOV < U — : FLIRE B Assy FHBHO TR 2012 [10(4):305
(i -319
BHEE  [Her2BMABIcHT 5 S (E 28 B|BARERRL 2012 |TOCHETIE
55 TFRERORRYE ESTH S 7) p606-6
e R EHpCRUFEZNELES) B (B 2R  H{E KRR 2012 |7TO(HETI 5
A= DFHRFELTOE ESFAZS 7) pl62-1
= 65
SRR T HBRILERIEEZZT 5 AL DR 2013 |8(1):134-
HE=BHRABRE~ D) AT < 135
g X — T A MIZET S
R & R
AHERAE ., FELBA &1 FIBALE S R AVl Y= < d 2012 1303-309
FHREE. BRE 4 AEUR
HFLE
WTFER, B A8 OLT Ay NRR b - T5 7 FEK 2012 {390-401

HRE

DOFEC @TC @Trastu
zumab+PTX @Bevaciz
umab+PTX ®Eribulin|
®VNB.

A AR

48



BHRE ARADTT M NEEORE 2013 [77:187-14
AR L ERERE 1
Ishiguro H, |Antipsychotics-containi J Clin Oncol 2013 |Vol.31, N
Kawaguchi |ng regimen as an alt 0.10, p13
K, Nishimurlernative to standard 77-8
a T anti-emetics for delay|
ed nausea induced by
highly emetogenic chj
emotherapy
Kondo M, H[Economic evaluation o Breast Cancer R 2012 133(2)759
oshi SL, Ishilf the 70-gene prognosi es Treat -68
guro H, Toi |s-signature (MammaP
M. rint®) in hormone rec

eptor-positive, lymph
node-negative, human|
epidermal growth fac
tor receptor type 2-ne|
gative early stage bre
ast cancer in Japan.

49



Endocrine-Related Cancer (2012) 19 485-496

Oestrogen-induced genes in ductal
carcinoma in situ: their comparison
with invasive ductal carcinoma

Akiko Ebata’?, Takash/ Suzuki®, KIyOShI Takagi®, Yasuhiro M/k/
Yoshiaki Onodera Yasuhiro Nakamura Fum/yoshl Fu1/sh/ma

Kazuyuki Ishida?, Mika Watanabe?, Kentaro Tamaki'? Takanor/ Ishida?,
Noriaki Ohuchi? and Hironobu Sasano™*

Departments of "Pathology, 2Surgical Oncology, and *Pathology and Histotechnology, Tohoku University Graduate Schoo! of
Medicine, 2-1 Seiryo-machi, Aobaku, Sendai, Japan
“Department of Pathology, Tohoku University Hospital, Sendai, Japan

(Correspondence should be addressed to H Sasano at Department of Pathology, Tohoku University Graduate School of Medicine;
Email: hsasano@patholo2.med.tohoku.ac.jp)

Abstract

Itis well known that oestrogens play important roles in both the pathogenesis and development of
invasive ductal carcinoma (IDC) of human breast. However, molecular features of oestrogen
actions have remained largely unclear in pure ductal carcinoma in situ (pDCIS), regarded as a
precursor lesion of many IDCs. This is partly due to the fact that gene expression profiles of
oestrogen-responsive genes have not been examined in pDCIS. Therefore, we first examined the
profiles of oestrogen-induced genes in oestrogen receptor (ER)-positive pDCIS and DCIS (DCIS
component (DCIS-c)) and IDC (IDC component (IDC-c)) components of IDC cases (n=4
respectively) by microarray analysis. Oestrogen-induced genes identified in -this study were
tentatively classified into three different groups in the hierarchical clustering analysis, and 33% of
the genes were predominantly expressed in pDCIS rather than DCIS-c or IDC-c cases. Among
these genes, the status of MYB (C-MYB), RBBP7 (RBAP46) and BIRCS5 (survivin) expressions in
carcinoma cells was significantly higher in ER-positive pDCIS (n=>53) than that in ER-positive
DCIS-c (n=27) or IDC-c (n=27) by subsequent immunohistochemical analysis of the
corresponding genes (P<0.0001, P=0.03 and P=0.0003 respectively). In particular, the status
of C-MYB immunoreactivity was inversely (P=0.006) correlated with Ki67 in the pDCIS cases.
These results suggest that expression profiles of oestrogen-induced genes in pDCIS may be
different from those in IDC; and C-MYB, RBAP46 and survivin may play important roles
_ particularly among oestrogen-induced genes in ER-positive pDCIS.
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Introduction

Breast cancer is the most common malignant neoplasm
in women worldwide. In particular, the incidence of
ductal carcinoma in situ (DCIS) has been markedly
increasing possibly due to advancements in popu-
lation-based mammographic screening for detection
(Li et al. 2005), and ~20% of breast carcinoma cases
actually present as pure DCIS (pDCIS) without
invasive components at the time of diagnosis in
many countries (Kepple et al. 2006, Tsikitis &
Chung 2006). This pDCIS is in general considered as
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a precursor lesion of invasive ductal carcinoma (IDC).
It has been demonstrated that approximately half of
untreated pDCIS progresses to IDC with marked
variability in the latency of the progression (Cuzick
2003) and up to 80% of IDC were also reported to
contain at least small foci of DCIS component (DCIS-
c) distinct from the IDC component (IDC-c) if
carefully evaluated (Ellis ez al. 2003). Therefore, it
has become very important to examine the biological
features of pDCIS to identify the possible molecular
mechanisms related to the acquisition of invasive
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properties and subsequently to improve clinical out-

come of early breast cancer patients.

It is well known that oestrogens play important roles
in the progression of breast carcinoma through an
interaction with oestrogen receptor (ER). ER is
expressed in approximately two-thirds of IDC, and
endocrine therapy has been administered in these
patients in order to suppress the intratumoural
oestrogen actions. A great majority of pDCIS was
also reported to express ER in their parenchymal cells
(Wiechmann & Kuerer 2008), and the results of
National Surgical Adjuvant Breast Project (NSABP)
B-24 trial did demonstrate that adjuvant tamoxifen
therapy was clinically effective in ER-positive pDCIS
and reduced the recurrence of noninvasive breast
carcinomas by 27% (Cuzick 2003). Pathological and
biological responses to preoperative tamoxifen therapy
in ER-positive pDCIS patients has been also reported
(Chen et al. 2009).

ER is well known to activate the transcription of
various target genes in a ligand-dependent manner, and
various oestrogenic functions are also characterised
by expression profiles of these genes in oestrogen
target cells. Various oestrogen-responsive genes have
been also identified in IDC (Frasor et al. 2003), and
an analysis of these genes can greatly contribute to
the understanding of molecular functions of oestrogen
actions, such as cell proliferation, anti-apoptosis,
invasion, metastasis, recurrence and resistance to
endocrine therapy, in IDC (Suzuki er al. 2012).
However, expression profiles of oestrogen-responsive
genes have not necessarily been examined in pDCIS
to the best of our knowledge. Therefore, it has still
remained unclear whether oestrogen actions and/or
effectiveness of endocrine therapy in pDCIS could be
the same as that in IDC.

Therefore, in this study, we first examined
expression profiles of oestrogen-induced genes in
carcinoma tissues of breast cancer patients and
demonstrated different expression profiles of oestro-
gen-induced genes in ER-positive pDCIS from
ER-positive DCIS-c or IDC-c following an isolation
of the corresponding cells under light microscopy
using laser-capture dissection. Subsequent microarray
analysis indicated that MYB (C-MYB), RBBP7
(retinoblastoma suppressor (Rb)-associated protein 46
(RBAP46)) and BIRC5 (survivin) were predominantly
expressed in pDCIS compared with DCIS-c and
IDC-c among these oestrogen-induced genes. There-
fore, we subsequently immunolocalised these gene
products in ER-positive pDCIS tissues in order to
further characterise their oestrogenic actions.

486

Materials and methods
Patients and tissues

Two sets of tissue specimens were used in this study.
The first set is composed of eight specimens of
ER-positive breast carcinoma (four pDCIS and four
IDC cases) obtained from Japanese women (age: 51-77
years in pDCIS, and 49-75 years in IDC) who
underwent surgical treatment from 2003 to 2008 in
the Department of Surgery, Tohoku University Hospi-
tal, Sendai, Japan. One IDC patient was premenopau-
sal, and the others were postmenopausal. All the IDC
specimens used in this study contained both DCIS-c and
IDC-c, and the patients did not receive chemotherapy,
irradiation or hormonal therapy before the surgery. All
the cases examined in this study were associated with
nuclear grade 1 or 2, and their ER labelling index (LI)
was ranged from 40 to 96% in pDCIS, 35 to 100% in
DCIS-c and 42 to 100% in IDC-c respectively. These
specimens were stored at —80°C for subsequent
microarray analysis. The second set is composed of
80 specimens of ER-positive ductal carcinoma of
human breast (53 pDCIS and 27 IDC cases) obtained
from Japanese female patients who underwent surgical
treatment from 1995 to 2008 in the Department of
Surgery, Tohoku University Hospital, Sendai, Japan.
These patients also did not receive chemotherapy,
irradiation or hormonal therapy before the surgery. The
median age of these patients was 61 years (range 39-80
years) for pDCIS and 55 (range 32-84 years) for IDC,
and all the cases of IDC contained both DCIS-c and
IDC-c in this study. All the specimens were fixed in
10% formalin and embedded in paraffin wax.

The entire resected surgical specimen was sectioned
into slices with 3—5 mm thickness, and all the slices
were histologically evaluated by surgical pathologists.
In this study, pDCIS was defined when DCIS-c was
detected but no foci of stromal invasion in carcinoma
were detected in all the slides of the cases evaluated. In
the first set, thinner section stained with haematoxylin
and eosin was prepared from the frozen specimen, and
histological features of these lesions were confirmed.

Research protocols for this study were approved by
the Ethics Committee at Tohoku University Graduate
School of Medicine (accession no. 2009-107).

Laser-capture microdissection/microarray
analysis

Gene expression profiles of breast carcinoma cells in
the first set of the specimens (four pDCIS, four DCIS-c
and four IDC-c samples) were examined using
microarray analysis. Laser-capture microdissection
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(LCM) was conducted using the MMI Cellcut
(Molecular Machines and Industries, Flughofstrase,
Glattbrugg, Switzerland). Briefly, breast carcinomas
were embedded in Tissue-Tek optimal cutting
temperature compound (Sakura Finetechnical Co.,
Tokyo, Japan) and sectioned at a thickness of 10 um.
Breast carcinoma cells were dissected under the light
microscopy and laser transferred from these frozen
sections. The total RNA (~200 ng) was subsequently
extracted from these cell fractions isolated by LCM
using the RNeasy Micro Kit (Qiagen). In IDC cases,
carcinoma cells were separately collected in DCIS-c
and IDC-c. Whole Human Genome Oligo Microarray
(G4112F (ID: 012391)), Agilent Technologies (Wald-
bronn, Germany), containing 41 000 unique probes,
was used in this study, and sample preparation and
processing were performed according to the manufac-
turer’s protocol. In this study, we focused on the
expression of 51 genes identified to be oestrogen-
induced ones in MCF7 breast carcinoma cells by
Frasor et al. (2003) (two genes corresponding
PPP2RIB were included in this analysis). Hierarchical
clustering analysis was performed using the Cluster
and TreeView programs (the software copyright
Stanford University 1998-1999, http://rana.stanford.
edu) to generate tree structures based on the degree of
similarity, as well as matrices comparing the levels of
expression of individual genes in each specimens.

Immunohistochemistry

Immunohistochemical analysis was performed in the
second set (53 pDCIS and 27 IDC cases) described
~ above. Monoclonal antibodies for ER (6F11), pro-
gesterone receptor (PR; 1A6) and Ki67 (MIB1) were
purchased from NovoCastra (Newcastle upon Tyne,
UK), Chemicon (Temecula, CA, USA) and DAKO
(Carpinteria, CA, USA) respectively. Rabbit polyclo-
nal antibodies for human epidermal growth factor
receptor-2 (HER2; A0485) were obtained from
DAKO. In addition, rabbit polyclonal antibodies for
C-MYB (EPR718(2)), RBAP46 (EPR5082) and survi-
vin (NB500-201) were purchased from Epitomics
(Burlingame, CA, USA) and Novus Biologicals
(Littleton, CO, USA) respectively.

A Histofine Kit (Nichirei Biosciences, Tokyo,
Japan) that employs the streptavidin-biotin amplifi-
cation method was used in this study. Antigen retrieval
was performed by heating the slides in an autoclave at
120 °C for 5 min in antigen retrieval solution (pH 9.0;
Nichirei Biosciences) for C-MYB immunostaining or
citric acid buffer (2 mM citric acid and 9 mM trisodium
citrate dehydrate (pH 6.0)) for immunostaining of other
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antibodies. Dilutions of primary antibodies used in this
study were as follows: ER, 1/50; PR, 1/50; HER2,
1/100; Ki67, 1/100; C-MYB, 1/50; RBAP46, 1/1000
and survivin, 1/1000. The antigen—antibody complex
was subsequently visualised with 3,3’-diaminobenzi-
dine (DAB) solution (1 mM DAB, 50 mM Tris—-HCI
buffer (pH 7.6) and 0.006% H,0,) and counterstained
with haematoxylin. As a positive control, human IDC
tissue was used for C-MYB (McHale et al. 2008) and
survivin (Barnes et al. 2006) immunostaining, and a
cellblock of MCF7 breast carcinoma cells was used for
RBAP46 (Creekmore et al. 2008). Normal rabbit IgG
was used instead of the primary antibody, as a negative
control in this study.

Immunohistochemical evaluation

Immunoreactivity of ER, PR and Ki67 was detected in
the nucleus, and their immunoreactivity was evaluated
in counting more than 1000 carcinoma cells for each
case. The percentage of immunoreactivity, i.e. LI, was
subsequently determined. Cases with ER LI of more
than 1% were considered ER-positive breast carcinoma
in this study (Hammond et al. 2010). HER2 immuno-
reactivity was evaluated according to the grading system
proposed in HercepTest (DAKO), and strongly circum-
scribed membrane-immunoreactivity of HER2 present
in more than 30% carcinoma cells were considered
positive (Wolff ez al. 2007). Both C-MYB and RBAP46
immunoreactivities were detected in the nuclei of
carcinoma cells and were evaluated by employing the
H-scoring system (McCarty et al. 1985). Briefly,
C-MYB- and RBAP46-positive carcinoma cells were
classified into three groups according to immunointen-
sity (i.e. strongly, moderately or weakly positive cells),
and H scores were subsequently generated by adding
together 3X% of strongly positive cells, 2X% of
moderately positive cells, 1 X% weakly positive cells,
and 0X % of negative cells (range 0-300). Survivin
immunoreactivity was detected in the cytoplasm of
carcinoma cells and was semi-quantitatively evaluated
by modified H-scoring system (Mehta et al. 2012), in
which the percentage of cytoplasmic immunoreactivity
was categorised as 0 (no expression), 10 (up to 10%),
20 (10-20%) umtil 100 (90-100%), and giving a
possible range of 0-300.

Statistical analysis

An association of various clinicopathological factors
among three carcinoma components (pDCIS, DCIS-c
and IDC-c) was evaluated using a Kruskal-Wallis test
or a cross-table with the x* test. An association between
C-MYB, RBAP46 and survivin immunoreactivity and
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clinicopathological factors was evaluated by a cross-
table using the y? test. An association of clinico-
pathological factors between two components of IDC
cases was evaluated using a Wilcoxon signed-ranks test.
The statistical analyses were performed using the
JMP Pro version 9.02 (SAS Institute, Inc., Cary, NC,
USA), and P values of <0.05 were considered
significant in this study.

Resulis

Expression profiles of oestrogen-induced genes
in pDCIS compared with those of DCIS-cand IDC-¢

We first surveyed expression profiles of oestrogen-
induced genes in isolated carcinoma cells of pDCIS
using microarray analysis which was focused on
oestrogen-induced genes reported by Frasor et al.
(2003), in order to examine the characteristics of
oestrogenic actions in pDCIS. Fifty-one oestrogen-
induced genes examined were tentatively classified
into three groups (i.e. Groups A, B and C) depending
on the hierarchical clustering analysis (Fig. 1). In
addition, isolated and examined pDCIS carcinoma cells
were clustered among the cases examined. Results
demonstrated that the genes in Group C were predomi-
nantly expressed in pDCIS rather than in DCIS-c or
IDC-¢, and the genes in Group A were predominantly
expressed in DCIS-c and/or IDC-c. Genes classified into
Group B were expressed regardless of the carcinoma
types. No significant clustering of samples was detected
in association with nuclear grade, menopausal status and
ER LI of the cases examined in this study.

As shown in Table 1, no significant differences of
characteristics were detected between Groups A and C
in this study.

Clinicopathological features of pDCIS,
DCIS-c and IDC-¢

We then evaluated an association of various clinico-
pathological parameters among pDCIS (n=53), DCIS-
¢ (n=27) and IDC-¢c (n=27), which were examined in
this study. Nuclear grade (P=0.68), ER LI (P=0.94),
PR LI (P=0.87) and HER? status (P==0.33) were not
significantly different among these three groups, but
Ki67 LI was significantly (P <0.0001) lower in pDCIS
than that in DCIS-c and IDC-c (Table 2). No significant
differences of patients’ age (P=0.43) and menopausal
status (P=0.34) were detected between pDCIS and
IDC patients in this study. HER2 positive status in our
study (45% in pDCIS, 33% in DCIS-c and 30% in
IDC-c) was consistent with that of a previous report
(Park er al. 2006).
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Figure 1 Hierarchical clustering analysis of mRNA expression
levels focused on ocestrogen-induced genes identified by Frasor
et al. {2003;. Colour of blocks represents relative mRNA
expression level of each gene compared with the average in
12 breast carcinoma samples (four pDCIS, four DCIS-c and
four IDC-c). Gene symbols in each gene were listed. Gene-
performed immunohistochemistry was noted in red. Two genes
corresponding PPP2R 18 were coloured green.

Imnmunolocalisation of C-MYB, RBAP46 and
survivin in pDCIS

Results of the microarray analysis demonstrate
different expression profiles of oestrogen-induced
genes in pDCIS compared with those in DCIS-c and
IDC-c. We then performed immunohistochemistry for
three representative oestrogen-induced genes (C-MYB
(MYB), RBAP46 (RBBP7) and survivin (BIRC5)) in
the breast carcinoma tissues in Group C towards
further confirmation of the findings.

As demonstrated in Fig. 2A, C-MYB was immuno-
localised in the nuclei of carcinoma cells, and its
H-score was significantly (P < 0.0001) higher in pDCIS
than that in DCIS-c or IDC-c (Fig. 2B). RBAP46
immunoreactivity was also detected in the nuclei of
carcinoma cells (Fig. 2C), and its immunoreactivity
was significantly (P =0.03) higher in pDCIS (Fig. 2D).
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Table 1 Comparison of characteristics of genes between
Groups A and C

Number of genes

Group A Group C

Characteristic of genes (n=15) (n=16) Pvalue

First time of significant upregulation by oestrogen

4h 7 (47%) 11 (69%) 0.51

8h 1 (7%) 0 (0%)

24h 5(33%) 4 (25%)

48 h 2(13%) 1(6%)

Major biological function

Cell cycle and apoptosis 6 (40%) 5 (31%)

Growth factors, cytokines 1(7%) 3 (19%)
and hormones i

Receptors and signal 2(183%) 5(B1%) 0.34
transduction proteins

Transcription factors 6 (40%) 3 (19%)

and transcriptional
coregulators

Data of characteristics of genes were taken from a report by
Frasor et al. (2003). Data are presented as the number of cases
and percentage. Two genes corresponding PPP2R1B were
excluded in this table, because these were classified into both
Groups A and C.

Survivin was immunolocalised in the cytoplasm of
carcinoma cells, and some nuclei of the carcinoma cells
were also immunohistochemically positive for survivin
(Fig. 2E). Relative survivin immunoreactivity was
significantly (P=0.0003) higher in pDCIS than that in
DCIS-c or IDC-c (Fig. 2F).

As shown in Table 3, when we divided the cases into
two groups according to several important pathological
factors, such as nuclear grade, HER?2 status and ER LI,
C-MYB immunoreactivity was significantly higher in
pDCIS than that in DCIS-c or IDC-c regardless of the
status. Similar tendency was also detected in RBAP46
and survivin immunoreactivities; but P values did not
reach significant levels in some groups.

Endocrine-Related Cancer (2012) 19 485-496

As two genes corresponding PPP2RIB were
classified into different groups (i.e. Groups A and C)
in the microarray analysis (Fig. 1), we performed
immunohistochemistry of PPP2R1B (also known as a
protein phosphatase 2, regulatory subunit A, § (PP2A-
AB)) in these cases. PPP2R1B immunoreactivity was
detected in the breast carcinoma cells (Supplementary
Figure S1A, see section on supplementary data given
at the end of this article), but its immunointensity
was generally weak and was not significantly different
among the pDCIS, DCIS-c and IDC-c groups
examined in this study (Supplementary Figure S1B,
see section on supplementary data given at the end of
this article).

Association between C-MYB, RBAP46 and
survivin immunoreactivity and various
clinicopathological parameters in pDCIS

Results of both microarray and immunohistochemical
analyses described earlier indicated that C-MYB,
RBAP46 and survivin were abundantly expressed in
pDCIS. As demonstrated in Table 4, when 53 pDCIS
cases examined were tentatively classified into two
different groups according to the median value of
C-MYB H-score, the status of C-MYB immunoreac-
tivity was inversely (P=0.006) associated with Ki67
LI in pDCIS cases. No other significant association
was detected between C-MYB immunoreactivity and
other clinicopathological parameters of the patients
examined, such as patients’ age, menopausal status,
nuclear grade, comedo necrosis, ER LI, PR LI and
HER?2 status. The status of RBAP46 immunoreactivity
was not significantly associated with any clinicopatho-
logical parameters examined (Table 5), while the status
of survivin immunoreactivity was positively associated
with patients’ age (P=0.002; Table 6). Association
between PPP2R1B immunoreactivity and clinico-
pathological parameters in pDCIS cases is summarised

Table 2 Association of various clinicopathological parameters among pDCIS, DCIS-c and IDC-c

Parameter pDCIS (n=53) DCIS-c (n=27) IDC-c (n=27) P value
Nuclear grade®
Grades 1+2 44 (83%) 24 (89%) 24 (89%) 0.68
Grade 3 9 (17%) 3 (11%) 3 (11%)
ER LI (%) 81 (12-100) 80 (15-100) 80 (8-100) 0.94
PR LI (%) 40 (0-100) 40 (0-100) 40 (0-100) 0.87
HER2 status®
Negative 29 (55%) 18 (67%) 19 (70%) 0.33
Positive 24 (45%) 9 (33%) 8 (30%) <0.0001
Ki67 LI (%) 4 (1-12) 8 (1-23) 12 (1-32)
P value <0.05 was considered significant and is in boldface.
@Data are presented as the number of cases and percentage. All other values represent the median (min—-max).
www.endocrinology-journals.org 489



A Ebala et al.: Oestrogen-induced genes in DCIS

e
s

Lo a0801

CAIYE mpmantreschivey

Figure 2 immunohistochemistry for C-MYB (A and B), RBAP46
{C and D) and survivin {E and F) in the breast cancer cases.
Immunoreactivity of C-MYB (A} and RBAP46 (C) was detected
in nuclei of carcinoma cells in pDCIS. Survivin was immunolo-
calised in the cytoplasm of carcinoma cells in pDCIS and was
also positive in some nuclei of the carcinoma cells {(an arrow; E).
Bar=50 um respectively. Relative immunoreactivity of C-MYB,
RBAP46 and survivin in pDCIS, DCIS-¢ and IDC-c was
summarised in B, D and F respectively. Data are represented
as box and whisker plois. Briefly, the median value is
represented by a horizontal line in each box, and the 75th
{upper margin) and 25th (lower margin) percentiles of the
values are demonstrated. The upper and lower bars indicate the
maximum and minimum values respectively. in F, the median
value of relative survivin immunoreactivity in DCiS-c was 100.
Statistical analysis was carried out using the Kruskal-Wallis
test. P values <0.05 were considered significant and were
indicated in bold letter. :

in Supplementary Table S1, see section on supple-
mentary data given at the end of this article.

Association between clinicopathological
parameters and three oestrogen-induced
proteins in DCIS-c and IDC-¢

As summarised in Table 7, Ki67 LI was significantly
lower (P=0.04) in DCIS-c than that in IDC-c, but no
significant differences between clinicopathological
parameters of the patients and the status of immunor-
eactivity of C-MYB, RBAP46 and survivin were
detected between DCIS-¢ and IDC-¢ of 27 IDC
patients in this study.
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Discussion

pDCIS is generally considered as a precursor lesion of
IDC. Two different models have been proposed to
explain the possible mechanisms of transition from
pDCIS to IDC, i.e. theories of linear progression or
parallel disease (Wiechmann & Kuerer 2008). In the
former model, low-grade pDCIS lesions are considered
to progress to high-grade pDCIS lesions and then fo
become IDC (Carter ef «l. 1988, Bodian er al. 1993,
Lakhani ef al. 1999). In the latter model of hypothesis,
low-grade pDCIS lesions progress to low-grade IDC
and high-grade pDCIS lesions to high-grade IDC
(Sontag & Axelrod 2005, Wiechmann & Kuerer 2008).
Accumulating data including chromosomal-alteration
studies support the parallel disease theory (Hwang
et al. 2004, Irvine & Fentiman 2007), and the great
majority of molecular alterations detected in breast
carcinoma, including ESR] which codes for ER, can be
clearly detected already in pDCIS, whether high or low
grades (Nofech-Mozes er al. 2005, Burkhardt er al.
2010). In this study of ER-positive breast carcinoma,
both ER and PR Lls in pDCIS were similar to those
in IDC-c or DCIS-c, which is considered to be
compatible with parallel disease theory of develop-
ment. Shibuya et al. (2008) also previously demon-
strated that various oestrogen-producing enzymes were
abundantly expressed in pDCIS, and intratumoural
oestrogen concentration was similar between pDCIS
and IDC (Shibuya er al. 2008). Therefore, oestrogens
are considered to play pivotal roles in pDCIS as well
as in IDC.

Results of our present study also demonstrated that
Ki67 LI was significantly lower in ER-positive pDCIS
than that in ER-positive IDC. Antibody Ki67 recog-
nises cells located in all the phases of cell cycle except
for Gy, (resting) phase (Gerdes ef al. 1983), and Ki67 LI
is closely correlated with the cell proliferation activity
of the tissues (van Diest er al. 2004). Ki67 was also
reported as a prognostic factor in pDCIS (van Diest
et al. 2004) as well as in IDC {(de Azambuja ef al.
2007), and increased Ki67 was associated with
negative ER status of breast carcinoma (Burkhardt
et al. 2010). All these findings suggest that oestrogen
actions are more associated with cell proliferation of
breast carcinoma in IDC than in pDCIS.

This is the first study to demonstrate expression
profiles of oestrogen-induced genes in pDCIS
compared with IDC. Results of our present microarray
analysis did reveal that one-third of oestrogen-induced
genes were predominantly expressed in pDCIS, while
the other one-third of the genes mainly in IDC and the
rest in both categories with equivalent frequency.

www.endocrinology-journals.org
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Table 3 Statistical associations of C-MYB, RBAP46 and survivin immunoreactivity among pDCIS, DCIS-c and IDC-c cases

according to several pathological parameters

Parameter C-MYB immunoreactivity

RBAP46 immunoreactivity

Survivin immunoreactivity

Nuclear grade

Grades 1+2 <0.0001

Grade 3 0.008
HER2 status

Negative <0.0001

Positive 0.01
ER LI (%) .

8-79 0.0003

80-100 0.0002

0.04 0.001
0.5 0.3
0.02 0.01
0.73 0.02
0.06 0.01
0.20 0.008

Data are presented as P values. P values <0.05 were considered significant and are in boldface.

These findings suggest that oestrogenic actions in
pDCIS were different from those in IDC, even if the
carcinoma cells expressed ER and intratumoural
oestrogen was present at a significant level in both of
these lesions. Among the genes predominantly
expressed in IDC (Group A in Fig. 1), EGR3 (early
growth-responsive gene 3) was reported to play a
pivotal role in the process of oestrogen-mediated
invasion in breast cancer, and its expression was
associated with adverse clinical outcome of the
patients with ER-positive IDC (Suzuki et al. 2007).
In addition, the kinetochore-bound protein kinase
BUBI (budding uninhibited by benzimidazoles 1) is
also considered to play possible role in the process of
breast tumourigenesis (Klebig er al. 2009), and its
mRNA expression was. also reported to be positively
associated with clinical recurrence in ER-positive IDC
patients (Suzuki et al. 2012). MYC (C-MYC) was also
reported to be associated with poor prognosis or
adverse clinical outcome of ER-positive breast cancer
patients (Chen & Olopade 2008). Robanus-Maandag
et al. (2003) reported that MYC amplification may
drive transition from pDCIS to IDC in human breast
(Robanus-Maandag et al. 2003), although some
conflicting data were reported in the literature
(Burkhardt er al. 2010). These findings suggest that
oestrogen-mediated transactivation is considered to
vary among the target genes, and the genes promoting
aggressive biological or clinical behaviour of breast
carcinoma cells may be more efficiently induced by
oestrogen in IDC. However, immunoreactivity of
C-MYB, RBAP46 and survivin was not associated
with ER LI in pDCIS cases in this study, and previous
studies have demonstrated that the expression of these
molecules was regulated by several factors (for
instances, miroRNA-150 downregulated C-MYB in
liver cancer stem cells (Zhang et al. 2012), RBAP46
functioned as a downstream target gene of WT'1 (Guan
et al. 1998), and genetic variants of the survivin
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promotor were associated with survivin expression (Xu
et al. 2004)). Therefore, factors other than oestrogen
may also be involved in the different expression
profiles of oestrogen-induced genes in pDCIS from
IDC. Our experiments serve as a starting point for
clarifying the molecular features of oestrogen actions
in pDCIS, and further examination is required.

We first identified C-MYB, RBAP46 and survivin as
oestrogen-induced proteins predominantly expressed
in pDCIS compared with IDC in this study. Among
these three genes identified by gene profilings, a
nuclear transcription factor C-MYB regulates differ-
entiation and proliferation in various types of cells (Oh
& Reddy 1999), and expression of C-MYB mRNA was

Table 4 Association between C-MYB immunoreactivity and
clinicopathological parameters in pDCIS

C-MYB immunoreactivity

Parameter High (n=26) Low (n=27) P value
Patients’ age 61 (48-80) 61 (39-80) 0.9
Menopausal status®
Premenopausal 7 (30%) 3 (56%) 0.14
Postmenopausal 19 (70%) 24 (44%)
Nuclear grade®
Grades 1-+2 20 (77%) 24 (89%) 0.25
Grade 3 6 (23%) 3 (11%)
Comedo necrosis®
Absent 11 (42%) 7 (26%) 0.21
Present 15 (58%) 20 (74%)
ER LI (%) 84 (13-100) 80 (12-100) 0.77
PR LI (%) 40 (6-93) 46 (0-100) 0.72
HER?2 status®
Negative 14 (54%) 15 (56%) 0.90
Positive 12 (46%) 12 (44%)
Ki67 Li (%) 3 (1-10) 6 (2-12) 0.006

Fifty-three pDCIS cases were classified into two (i.e. high and
low) groups according to the median value of C-MYB
immunoreactivity. P value <0.05 was considered significant
and is in boldface.

®Data are presented as the number of cases and percentage.
All other values represent the median (min—max).
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Table 5 Association between RBAP46 immunoreactivity and
clinicopathological parameters in pDCIS

RBAP46 immunoreactivity

Parameter High (n=28) Low (n=25) P value
Patients’ age 65 (39-80) 54 (49-77) 0.06
Menopausal status®
Premenopausal 4 (14%) 6 (24%) 0.81
Postmenopausal 24 (86%) 19 (76%)
Nuclear grade®
Grades 1+2 21 (75%) 23 (92%) 0.99
Grade 3 7 (25%) 2 (8%)
Comedo necrosis®
Absent 9 (32%) 9 (36%) 0.77
Present 19 (68%) 16 (64%)
ER LI (%) 88 (12-100) 80 (13-100) 0.60
PR LI (%) 44 (6-100) 40 (0-100) 0.19
HER2 status®
Negative 16 (57%) 13 (52%) 0.71
Positive 12 (43%) 12 (48%)
Ki67 LI (%) 4 (1-12) 4 (2-10) 0.31

Fifty-three pDCIS cases were classified into two (i.e.-high and
low) groups according to the median value of RBAP46
immunoreactivity.

2Data are presented as the number of cases and percentage.
All other values represent the median (min—max).

rapidly stimulated by oestrogen administration in the
MCF7 breast carcinoma cells (Frasor et al. 2003).
C-MYB protein was detected in ER-positive IDC and
was associated with a good prognosis in the patients
(Guerin et al. 1990, Drabsch et al. 2007, Deisenroth
et al. 2010, Thorner et al. 2010). Immunohistochem-
istry for C-MYB in pDCIS has been reported only by
McHale et al. (2008) to the best of our knowledge, in
which C-MYB immunoreactivity in the breast carci-
noma containing both pDCIS and IDC was signi-
ficantly higher than that in normal/hyperplastic
epithelium. Results of our present study first demon-
strated that C-MYB immunoreactivity was signi-
ficantly higher in pDCIS than in IDC and was
inversely associated with Ki67 LI in pDCIS. Very
recently, Thorner et al. (2010) reported that stable
RNAi knock-down of endogenous C-MYB in the
MCF7 cells increased tumourigenesis, both in vitro
and in vivo, suggesting a tumour suppressor function in
luminal breast cancer subtypes (Thorner et al. 2010).
Results of our present study are consistent with these
previously reported studies, and decreased induction of
C-MYB expression by oestrogen may result in the
possible acceleration of oestrogen-mediated cell
proliferation of breast carcinoma in IDC.

RBAP46, a nuclear protein, was originally identified
as histone-binding proteins and its components of
protein complexes have been demonstrated to be
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involved in the process of histone deacetylation and
chromatin remodelling (Zhang et al. 1997, Bowen
et al. 2004). RBAP46 mRNA expression was reported
to be rapidly induced by oestrogens in MCF7 cells
(Frasor et al. 2003). Results of previous in vitro studies
demonstrated that RBAP46 modulated oestrogen
responsiveness in MCF7 cells in a gene-specific
manner through interaction with ERo (Creekmore
et al. 2008), and RBAP46 was also reported to inhibit
an oestrogen-stimulated progression of transformed
breast epithelial cells (Zhang et al. 2007). However,
immunohistochemical evaluation of RBAP46 has not
been reported in breast carcinoma to the best of our
knowledge. In this study, RBAP46 immunoreactivity
was more frequently detected in ER-positive pDCIS
than in IDC, which also indicated that RBAP46 may
play an important role in the alteration of oestrogen
actions in the process of transition from pDCIS to IDC.

Survivin is known as an inhibitor of apoptosis,
which prevents cell death by mainly blocking activated
caspases (Ryan er al. 2006). Survivin mRNA
expression was reported to be slowly induced by
oestrogen in MCF7 cells (Frasor et al. 2003).
Immunolocalisation of cytoplasmic survivin has been
reported in human breast carcinoma by several groups,
with positivity ranging from 56 to 76% of pDCIS cases
(Barnes et al. 2006, Okumura et al. 2008) and 17 to

Table 6 Association between survivin immunoreactivity and
clinicopathological parameters in pDCIS

Survivin
immunoreactivity

High Low
Parameter (n=25) (n=28) P value
Patients’ age 66 (48-80) 54 (39-80) 0.002
Menopausal status®
Premenopausal 4 (16%) 6 (21%) 0.61
Postmenopausal 21 (84%) 22 (79%)
Nuclear grade?
Grades 1+2 19 (76%) 25 (89%) 0.20
Grade 3 6 (24%) 3 (11%)
Comedo necrosis®
Absent 7(28%) 11 (39%) 0.39
Present 18 (72%) 17 (61%)
ER LI (%) 87 (27-100) 80 (12-100)  0.25
PR LI (%) 47 (0-100) 40 (7-100) 0.58
HER2 status®
Negative 12 (48%) 17 (61%) 0.35
Positive 13 (62%) 11 (39%)
Ki67 LI (%) 4 (1-12) 4 (1-12) 0.80

Fifty-three pDCIS cases were classified into two (i.e. high and low)
groups according to the median value of survivin immunoreacti-

vity. Pvalue <0.05 was considered significant and is in boldface.
3Data are presented as the number of cases and percentage.

All other values represent the median (min—max).
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