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Plasticity of driver-signals for proliferation and progression of breast cancer,
and its relation with therapy-resistance.
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Recently, many kinds of new molecular target drugs have been developed for
metastatic and advanced breast cancer. However, presently the acquiring of drug-resistance is
serious problem, and more useful therapeutic strategy such as procedure or combination of these new
drugs is strongly desired. To address this purpose, we have established various molecular target
drug-resistant breast cancer cell lines, and analyzed the plasticity of their driver signals, and
explored the mechanism of drug resistance. The growth of hormonal therapy resistant breast cancer
cells was strongly dependent to intracellular phosphorylation signaling pathway, such as
PI13K/Akt/mTOR pathway. Addition of inhibitor of this pathway such as everolimus indicated the driver

pathway shifted to MAPK pathway—deﬁendent. Although CDK4/6 inhibitor was eligible for many drug
resistant cell lines, different mechanisms were involved in CDK4/6 inhibitor resistance.

MCF-7 mTOR CDK4/6



B X C—19, F—19—1, Z2—19 (@)

1. WFFERRME 4P DO

HFEOFA - HERICITTA b u U RNRSBIE L TRY , £7em X ey 2 OZEFER)
DARNVE FIEDOIER L 72> TR Y | EITHRE., IFGAFRE., WaNGH2 & 8EV R T
TS, BOAEZ P TV d, ZOHRAT UREOHLE 7o o TN D IEFIN T o~ Z —Pi
=X (AD AlITHDHN, THFE, ZOMESRBEE 2> Tnd, FAIZZINETO ER IZET5
Bz R EEEERFZE S FLEEICH T 5 ER OKSRE & HEMEZ B S L, FOBKISHAZ B LT
&2V, ZNS OHFFEOF THIRIZ ERE-GFP 2228 A L7= ER FEMESLEE AL 2 /57 L C A
oD ERIEMEAZE=X —T&E 5 LA—F—HfifldL L THWE 2, e SCRARIFE (LR 28 4~
25 E)DXEEZIT, ZOMBEEBKE LT, EYT X b U RBIREES in vivo 2TV, T
v Ra A URINREERS AT FITHNRRE CAE X 72 =—% ER JEMIC L % GFP #0251
(2 L CHEER & BiBl - BIS29 % 2 &2 K o T 6 FEOMIEREF D R - 7= AL i 7 /L %
YERLL 7=, % L CTE£ 45 D characterization Z #EllZAT o 7= fEHR. Wk b HE STV 72 PISK-
Akt &EZ N L2 ER O U H v RIFEFHTEMEICIC X D IERAR G Dz 9, iz =2
a7 URREE AR T DT v Rur AREEW & A L CRIH T BIMERR 927 v Re Az o
LOWKELTCT > Fa X oS/ REN L THIIEIEET 20 972 8, ZhETICmbHN TR
B O BRI 2 S0z Lz,

2. RO HDY

KA ALMEET VIR OBFZEN S . MIENT 2 ka7 v v 7 RO BRI X 5 BE i
MR OGFEEZHLNZL, ZTOZENLIFED R T A /N— 7 F )V O KM 72 nfEVEDEH & H
LlpoTE -, £ C, B LIBMEIHERZTEH LT, JLENZ0EITE L bicED X H 7wl
PHMEA SIS L, 7T AREEZ B ST OB SN2 L., s O E-CTEE T ES o 2
T =X L& BT,

3. WD ik

Fox OIS LT ALTHEET VIO 5 5, HIEA Y CER LR, R i2 PISBK/Akt/mTOR #%
DIEMEAL LT AL & 72> TV 5 Type 1 MW Tid, mTOR BLEAITHH =1 U AR
D2 OHIEIHNZ A TH - 72h, R ORZE CIX, Mo EERMIEAY VBIEREETH D
MAPK R OTLHENTHE SV -2 mE L 72D 2 E AR E T, —J7, filaN Y B iR o
AGEAERT I Y ER ¥ 7 VRRIBIRFE~DRER 2R3 2 & bR s iz, 20X 5 723lE
I D BT A NX—= T F VDR, EDO LI RIBEICEDFINTHE Z 5 DD, T OEME 5
M D72, £ AL iR Z OV C, BIEILEOBK THOW SN TV D 0 R (71X
ART b, =R LAARRE) HDHVITERE~OBEAMNHETTH 5 H R FEREE (PISK [H
=K, CDK4/6 FEHR: ) O], BLOEMEARICL DV 7o bzt fiiir 5,
T, THETHIS L7z AT THERARICIN 2 T, S0 THERERO R RE I L > THi=2 01
AR VIR Z BRI L. 262 HAWVWTE SIS 7 OB A BARBIZ D/
fEMTT 5,

4. fFgeEk R

(1) BINL U7z 6 FHO AT MPEMIFED 5 B, U E TOHFFERER D 5 PIK/Akt/mTOR & OIE ML
MBI A B D Type 1Al (ER BPE) & Type 2 flfa (ER fath) 12 U Chelnlfi R CfEM AT
AE& 72> 72 mTOR fLESE, =~Xua U AZXDOMRERF LT, ZOFER. Type 1 MIfaIZx L TiX in
vitro MR, =7 A|ZFHE L 7= xenograft DFEERZIT

BWT, R E ORI, BB LI+ & Type 1 AliittE#k  EverolimusiittE#k
PRSIz, LhZHUIBIETH 5 MCF-7-E10 Hijg Fuu - + - + - + - +
FOH IS HFI Lz, ZDZ &id Type 1 filaD voiz6 - — + + — — + +
WO « ATFED R T A N—= ZF LN BRICH LT, R S W% == =

PI3K/Akt/mTOR FRIKIZ L W< AF+ D kD iceo7- DK — e s . s s s -

Z L AL T D, Type 2AIBICK L COREOR vk [
RThole, 22T, WIZZNbHOMatkic=~<m Y B-tubulin [

LA Z RWIEGE L, =1 U AR 2 R L
77o FOFER. MAPK OFRWY R LA 38, MAP fRE& ﬁ
DOIFLHEAVRE STz, MEK BREAIOTIC & 0 Z O /ﬂ%ﬂ\
ROdEFR 3P E S 4172 2 & 225 PI3K/Akt/mTOR #% R VS
WIRGHERTIE MAPK fREEA~D RT A N— T F Dy P fF
FEGIEE T ENHER S-S HIT R Type 1 /

W, Type 2 MK~ FERERR~OEAN FE SHC P e
V% PISK BHSEAI DRI A BAE L7z, 2 ORsE, LB Yy Y

Bz HWTEE L pll0a ¥ 7 2=y MR EA] ‘it _
ERWTZHEIT, TOMRDOENRZ LI,
FLODH L FILEIREMEICL>TRI A1 —
pathway 23T 2 ha o o 7R SRRAN Y
BALAREE~T 7 F T D2 &, SHITIES TERE (=




N AR EERICL ST UMby 7T VR B MORE~Y 7 4252 L bBlERsh
7= (B,

(2) WIZ= A ha o 7 F RS2 PIK/Akt/mTOR £ EE D FICAE L. M4y ZL - a5
Z S A f i E B R - CTd A CDK4/6-Cyclin D IZ W T EICHEFT 51T > 77, filt. CDK4/6
PRI KRB S v, ER BGHEEITHRIUE 2t RIClRICt s nd L Hick-oTE R, Th
F CORFKRRBROFER TIX 1 IRIBE, 2 RIGEE LICEIF2GEEZ R L TE Y, 5% OMEI TS
FBIRIRDOF N > TV ZENRHFRENTWS, £ 2 T, Fix O FEMPERKIC DT CDK4/6
FLES, VRS Z U TR ERG L, £7- CDK4/6 BLE MR D 1ERL & 3 2 72,

UART 27 U 71X ER FGMEFLEERIIN T d 5 MCF-7 <0 T-47D AT %F L CHau EFEINHEI S R AR L
7-73. SKBR3 <2 BT-20. MDA-MB231 #HAa X 5 723E luminal BUEIARIZ 5t U CIEBENTT - 7=,
MCF-7 <2 T-47D #lifid TiX CDK4 2| < HELL Tk Y | thdFE luminal BUHHAE TIE CDK6 A3 1E TN FE
BLTWE, ZdDZ &% CDK4 & CDK6 DFEBLLLN Z OFLERESZ MEIZBIE L T 5 fREMED VR
a5, & Z T, CDK6 ZRHANY ¥ —Z W T AN LA\ I I & 872 MCF-7 i 2 /ERL L |
BMatLizE 2 A, URTZ U 7 OHEEIMEIIEN T 2 L 2R Lz, —FH, VRY 7 U7
DRIV R E T PERE R C

ERAST A E S S QNI v g ieb s B PR 3% P S: 1)
THoTe, ZDZ LT EfLDO R T A RN—
7 F DAL, ATEEMEIZBfR 72 < L CDK4/6-
Cyclin DAHEREL TWAZ L ARIBL T
WD, 72 URT 7 ) TR 2R L
FOMWEEET LIZE 2 A, p2l X230
DFELWEAE L L7, p2l 1 CDK2-

HCellcyclerelated factors

[ | et g
g
o

Ribociclib - +

Toual e

CDK4 SRS e

RIBR2

CDKB--——

cyclinD1 . ' pa— 8 :

o2
s
<l 73
] &
Rpoint
o "2g) [cumun]

[

)\

» l— P2 smmatET
’ p27
A CDK2 \ J

Cyclin E @WE‘H{ inhibitor VC“}}) D N % B-tubulin N — #
DALY CDK2-Cyclin EATEHAL L, o s o
Rb #2870V VLA EITSES 2 & cor: - o
THHEICES L TWAEEZ NS (O P ~

E2FO) BRE

T

Cyclin E/CDK20) & #4EA¢ _
CyclinD complex D#MERK #RE R AT

p27

4), CDK4/6 FHLEHKMINEICIZEB OB A " =

B LTWD ZENRRSN.SHBDS D
IROBRNPBETH D,

(3) EHITHHICEKRENT- CDK4/6 PHEKTHH T X~ 7 U 72O T, Z DR S 1E
L CRERE 2T o720 TR_X~2 27 U 7T VRS 7 U7 & FEE. ER B ML Td 5 MCF-
7 X2 T-47D AR %F U CHRVEEFEINHIZI 3R 27k L7223, SKBR3 <° BT-20, MDA-MB231 #ifnd X
723E luminal BUHIRRIZ K U CIRZh R 590 o 72, F72, BEEERIL7Z Y Ro 7 U TR L
TIXITEIHI RN 72 < . BN Z RS Z RSN E 2072, 2, TRV 7 VT HUR
7V T LR, BHERVE VAT TR E RiE 0 E e <L WIS L TH IR TH
ST BV V(LY 7T A LERITRIC S L TH IR THY . b0 Z L ixeik
O ENLD KT A N_— 7o b, AR 72 <. CDK4/6-Cyclin D 3¥REL T 5 Z &
B LTWb, £z, 7TXv o7 U TR Z BN L, 2 OMWEZ T L2 & 2 A, p21 34
FTHUVRT TV TMRE 1T E 720 p27T X T DFE LW & R L7z, p27 $ CDK2-Cyclin
E OWN{EME inhibitor TH Y . FORAT LY CDK2-Cyclin E BEMEALLTWAH D & B
%o FT-Rb OFBELLTLTEY ., 2 DDOEAW T L - T CDK4/6 FLEZKIZ % L Ciiit
PERLTWDEEZDN
Do TNETORENSHS

CDK4/6PREZEM MERERF D Z k1%

P T o TR FF O S REVE 2 FerniEs
MIZE LD, il [zarory| [#mEF) IL-6/IAK/STAT3HE B%

7Sl =y ANV a1 X))
VR T VIO TR
VAT R TNt} N B I EIY 2
R L LIRS, CDK4/6 R
FHESE YR 7 YT 7T

Cyclin DIR{GF

g - ’l:l

N\

piRK/AKT @

[ MERUSBIES L@ VR (e
@ .

ARFEE

CDK4/6fRE #l
-1
1. RbD ) EE{E

RbD ) B
1

{_Rb_s I— MDM2;B Fil FE 2R

DHELT

7Y TN HONT, FOVEM,

E2F

7 = ( > > SHERETH
M 7 12 D W TR cocinp s REIRT %’ E2F TR “—”—Eﬁ
ATV, BLRROGE R 2457, — “‘\_:;: e DNA pol.
CDK4/6 PLESITBIE, Lo o Kl R S ylne
IR 2 K& <EZOOD R N A Crcin
ZEHL TR T Y . A Crbs W
RN T LT NN )

TR O BTG RN . TR PR
TikEE A D ETHELRLO
LEZD,

(Cyclin E/A/X-CDK2;EHEALIRF 1)



<G HISCHR>

1)

2)

3)

4)

5)

Hayashi S., Niwa T., Yamaguchi Y. Estrogen signaling pathway and its imaging in human breast cancer.
Cancer Sci., 100: 1773-1778, 2009.

Yamaguchi, Y., Takei, H., Suemasu, K., Kobayashi, Y., Kurosumi, M., Harada, N. and Hayashi, S.
Tumor-stromal interaction through the estrogen-signaling pathway in human breast cancer., Cancer
Res., 65: 4653-4662, 2005.

Fujiki N, Konno H, Kaneko Y, Gohno T, Hanamura T, Imami K, Ishihama Y, Nakanishi K, Niwa T,
Seino Y, Yamaguchi Y, Hayashi S. Estrogen response element-GFP (ERE-GFP) introduced MCF-7
cells demonstrated the coexistence of multiple estrogen-deprivation resistant mechanisms. J. Steriod
Biochem. Mol. Biol., 139: 61-72, 2014.

Hanamura T, Niwa T, Nishikawa S, Konno H, Gohno T, Tazawa C, Kobayashi Y, Kurosumi M, Takei
H, Yamaguchi Y, Ito K, Hayashi S. Androgen metabolite-dependent growth of hormone receptor-
positive breast cancer as a possible aromatase inhibitor-resistance mechanism. Breast Cancer Res.
Treat. 139: 731-740, 2013.

Fujii R, Hanamura T, Suzuki T, Gohno T, Shibahara Y, Niwa T, Yamaguchi Y, Ohnuki K, Kakugawa Y,
Hirakawa H, Ishida T, Sasano H, Ohuchi N, Hayashi S. Increased androgen receptor activity and cell
proliferation in aromatase inhibitor-resistant breast carcinoma. J. Steriod Biochem. Mol. Biol., 144:
513-522, 2014.



12 12 0 4

Kimura M, Hanamura T, Tsuboi K, Kaneko Y, Yamaguchi Y, Niwa T, Narui K, Endo I, Hayashi S.

Acquired resistance to everolimus in aromatase inhibitor-resistant breast cancer.

2018

Oncotarget

21468 21477

DOl
10.18632/oncotarget.25133.

Niwa T, Shinagawa Y, Asari Y, Suzuki K, Takanobu J, Gohono T, Yamaguchi Y, Hayashi S. 165

Estrogen receptor activation by tobacco smoke condensate in hormonal therapy-resistant breast 2017

cancer cells.

J. Steriod Biochem. Mol. Biol. 448 457
DOl

10.1016/j . jsbmb.2016.09.008

Tsuboi K, Kaneko Y, Nagatomo T, Fujii R, Hanamura T, Gohno T, Yamaguchi Y, Niwa T, Hayashi S. 167

Different epigenetic mechanisms of ERa implicated in the fate of fulvestrant-resistant breast 2017

cancer.

J. Steriod Biochem. Mol. Biol. 115 125
DOl

10.1016/j . jsbmb.2016.11.017

Tsuboi K, Nagatomo T, Gohno T, Higuchi T, Sasaki S, Fujiki N, Kurosumi M, Takei H, Yamaguchi Y, 171

Niwa T, Hayashi S.

Single CpG site methylation controls estrogen receptor gene transcription and correlate with 2017

hormone therapy resistance.

J. Steroid Biochem. Mol. Biol. 209 217

DOl
10.1016/j . jsbmb.2017.04.001




Hanamura T, Hayashi S.

25

Overcoming aromatase inhibitor resistance in breast cancer: possible mechanisms and clinical 2018

applications.

Breast Cancer 379 391
DOl

10.1007/s12282-017-0772-1

Kimura Mariko Hanamura Toru Tsuboi Kouki Kaneko Yosuke Yamaguchi Yuri Niwa Toshifumi 9

Narui Kazutaka Endo Itaru Hayashi Shin-Ichi

Acquired resistance to everolimus in aromatase inhibitor-resistant breast cancer 2018

Oncotarget

21468 21477

DOl
10.18632/oncotarget.25133

lida Masafumi Tsuboi Kouki Niwa Toshifumi Ishida Takanori Hayashi Shin-ichi 26

Compensatory role of insulin-like growth factor 1 receptor in estrogen receptor signaling 2018

pathway and possible therapeutic target for hormone therapy-resistant breast cancer

Breast Cancer 272 281
DOl

10.1007/s12282-018-0922-0

Uchiumi Kanami Tsuboi Kouki Sato Nozomi Ito Takako Hirakawa Hisashi Niwa Toshifumi 26

Yamaguchi Yuri Hayashi Shin-ichi

Cancer stem-like properties of hormonal therapy-resistant breast cancer cells 2019

Breast Cancer 459 470

DOl
10.1007/s12282-018-00944-1




Kurozumi Sasagu Yamaguchi Yuri Matsumoto Hiroshi Kurosumi Masafumi Hayashi Shin-ichi Fujii 14

Takaaki Horiguchi Jun Shirabe Ken Inoue Kenichi

utility of Ki67 labeling index, cyclin D1 expression, and ER-activity level in postmenopausal 2019

ER-positive and HER2-negative breast cancer with neoadjuvant chemo-endocrine therapy

PLOS ONE €0217279
DOl

10.1371/journal .pone.0217279

Guo Tada Kitamura Hamada Miyashita Harada-Shoji Sato Hamanaka Tsuboi Harada Takano- 11

Kasuya Okada Nakano Ohuchi Hayashi Ishida Gonda

Automated Quantification of Extranuclear ERa using Phosphor-integrated Dots for Predicting 2019

Endocrine Therapy Resistance in HR+/HER2- Breast Cancer

Cancers 526 526
DOl

10.3390/cancers11040526

Tsuboi Kouki Uematsu Chiyuki Yamaguchi Yuri Niwa Toshifumi Hayashi Shin-ichi 26

Tumor microenvironmental growth factors induce long-term estrogen deprivation resistance in 2019

breast cancer

Breast Cancer 748 757
DOl

10.1007/s12282-019-00978-z

lida Masafumi Nakamura Misato Tokuda Emi Toyosawa Daichi Niwa Toshifumi Ohuchi Noriaki 10

Ishida Takanori Hayashi Shin-ichi

The p21 levels have the potential to be a monitoring marker for ribociclib in breast cancer 2019

Oncotarget 4907 4918
DOl

10.18632/oncotarget.27127




61 16

ER

15

2018

26

Meet the Professor

2018

26

2018

ER

2018




ER

HER2

16

2018

16

2018

26

2018

TOR

26

2018




Tuminal

FGFR

26

2018

26

2018

CDK4/6

26

2018

16

2018




Al SERD

Breast Cancer Scientific Exchange Meeting 2017

2017

mTOR

BreastCancerSeminar

2017

ER HER2

25 6

2017

Masafumi lida, Misato Nakamura, Emi Tokuda, Toshifumi Niwa, Takanori Ishida, Shin-ichi Hayasi

CDK6 might be a key factor for efficacy of CDK4/6 inhibitor and the hormone sensitivity following acquired resistance.

2017 San Antonio breast Cancer Symposium

2017




18

2017

Emi Tokuda, Takayuki Komatsu, Syunta Sasaki, Misato Nakamura, Kouki Tsuboi, Masafumi lida, Toshifumi Niwa, Mitsue
Saitou,Shin-ichi Hayashi

Effects of phosphatidylinositol 3-kinase inhibitors on endocrine-resistant cell lines and differences in the characteristics
of the cells after acquired resustance to the inhibitors in estrogen receptor-positive breast cancer

2017 San Antonio breast Cancer Symposium

2017

In vivo Al Heregulin

25

2017

ER

18

2017




PI3K-mTOR

15

2017

ER

26

2017

Xenograft

37

2017

ER

25

2017




25

2017

CDK4/6 CDK6

CDK4/6

ER

25

2017

25

2017

ER PI3K

25

2017




IGF1R

25

2017

Al SERD PI3K-mTOR

25

2017

ERa

25

2017

ER

15 2

2018




26 Meet the Professor

2018

26

2018

ER

2018

ER HER2

16

2018




16

2018

26

2018

mTOR

26

2018

Luminal

FGFR

26

2018




26

2018

CDK4/6

26

2018

16

2018

CDK4/6

119

2019




ER

92

2019

27

2019

CDK4/6

17

2019

ER DNA

PARP

27

2019




27

2019

PI3K- TOR ER

27

2019

CDK4/6

Abemaciclib

27

2019

CDK4/6

27

2019




27

2019

CDK4/6

17

2019

PI3K- TOR

ER

20

2019

In vivo

78

2019




CDK4/6

57

2019

Emi Tokuda, Shunta Sasaki, Kouki Tsuboi, Masafumi lida, Toshifumi Niwa, Shigehira Saji, and Shin-ichi Hayashi

PI3K inhibitors restored the sensitivity to anti-estrogen drugs in endocrine therapy resistant cell lines

42nd Annual San Antonio Breast Cancer Symposium(SABCS)

2019

Masafumi lida, Daichi Toyosawa, Misato Nakamura, Emi Tokuda, Toshifumi Niwa, Ryuichi Yoshida, Takanori Ishida, Shin-ichi
Hayashi

Different mechanism of CDk4/6 inhibitor resistance between ribociclib and abemaciclib

42nd Annual San Antonio Breast Cancer Symposium(SABCS)

2019

Bcl-2

42

2019




DNA

42

2019




