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Effects of molecular-targeted drugs on nonsmoking-related lung cancer models
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EGFR mutations are more frequently observed in non-smokers and adenocarcinoma
patients. The majority of EGFR mutant lung cancers initially sensitive to EGFR-TKI become resistant to
these agents within 1 year. To overcome EGFR-TKI resistance mechanisms, we have studied using EGFR-TKI
resistant lung cancer cell lines, xenograft models, and EGFR-transgenic mice. mTOR inhibitor, JAK2/STAT3
inhibitor, and EGFR/VEGFR dual inhibitor were all effective. Next, second-generation EGFR-TKI, afatinib,
was more potent than gefitinib and the combination of afatinib with bevacizumab efficiently suppressed
resistant tumors. Furthermore, we established a novel ?efitinib—resistant lung cancer cell line and found
that gefitinib substantially suppressed the EGFR signaling pathway, whereas ERK was reactivated, dual
inhibition of EGFR and SRC restored gefitinib sensitivity. In conclusion, our results indicate that the
molecular target drugs may be a potent strategy to overcome the EGFR-TKI resistance.

EGFR mTOR JAK2 STAT3



40 80%

50-60%
growth factor receptor: EGFR

epidermal

EGFR
TKI
1
EGFR
EGFR JAK2/STAT3
AKT/mTOR
EGFR
EGFR
EGFR-TKI
1) EGFR
EGFR-TKI PC-9 EGFR exon
19 4
RPC-9 T790M PC-9/Van-R T790M
+ MET + HGF PC-9/ER3 JAK2/STAT3
PC-9/GR SRC
JAK2/STAT3 JSI1-124
AzZD1480 EGFR  VEGFR
2 EGFR-TKI
SRC mTOR
MTT
EGFR
Western blotting
2)
BALB/cAJcl-nu 5
2 2 X
106
2
0.05cm® 3
6 2 2
sacrifice
HE Western
blotting
3)
exon 19 exon 21 L858R 2
EGFR

1
10 15
sacrifice

EGFR

1)PC-9/ER3
JAK2
EGFR
EGFR AKT
JAK2 JSI1-124
PC-9/ER3  JAK2
AKT
SIRNA  JAK2
JS1-124
PC-9/ER3
JAK2

Co-treatment

with erlotinib and JSI-124 (0.05 uM)

0.9
0.8
0.7 wPC-9
£ 0.6
Z 0. PC-9 +)SI-124
205
~ A PC-9/ER3
T 04
03 PC-9/ER3 +)SI-124
0.2
0.1
0
0.0001 0.001 0.01 0.1 1 10

erlotinib (uM)

growth of xenograft tumor

a

~—ER3:cont

volume ratio
2% w - w

-

-e-ER3:erlo 25mg/kg
——ER3:15I 1mg/kg
=4—ER3:erlo+]SI

0 ) *p=<0.05
1 4 8 11 15 18
days
2) PTEN EGFR
EGFR
PTEN
1000 1 I
- -4 - Vehicle Lot
807y - Gefitinib I
g sop | = Vabndetanib I
9
£ 400 :
2 Lk g
I P R
200] g e
0 :
1 8 15 22



3 exon 19 EGFR

4
EGFR-TKI
150~
—— vehicle
© -+ gefitinib
> e
> 100+ ——eees --+- afatinib
£ T
2 LA
5 L ey
S 504 [
: Ly
LL L,
[ I“l.t
0 . . L .
0 200 400 600 800
days
mm3
1200
Vehicle
.......... Af t b
e Be?/a”g:zumab
= — = Afa+ Bev
o 800
g
? 600
o
£
<400
200
11
0 "1"';:}‘:9\&1_;1_11.11 *p<0.05
1 8 15 22 29 36 43 50
days
4) AZD1480
AZD1480
AZD1480 1mm
0.37 + 0.18 2.25
+ 0.53
217
106
AZD1480 EGFR
1.0 —— vehicle
---. AZD1480
|
Lo
LI
]
0 1 .
0 .

5) PC9-GR EGFR
SRC
ERK
PC9-GR in vitro
in vivo
SRC ERK
SRC

‘with dasatinib ‘with dasatinib

1 1
|
¥ \
- \ \
E | hN
S i
i
8 \ g
S os 05 -
2 \
E T
& 2
0 0
0.001 0.1 10 0.001 0.1 10
The dose of gefitinib concentration (1M)
(mm3)
1200
1000 {1
800
o
E
]
)
5
£
=)
Day 0 Day7 Day 14 Day 21 Day 28 Day 35 Day 42
Days from administration
mn vitro
10 jmmm m— everolimus treatment
i ===+ vehicle treatment
= Ty
: A
g -
§ 0.5 L
H ]
@ L
L]
Ty
Ty
n
0 120 240 360 480 (day)



1. Toshi Murakami, Nagio Takigawa, Nobuaki
Ochi, Katsuyuki Kiura, et al. Effect of
AZD1480 in an epidermal growth factor
receptor-driven lung cancer model. Lung
Cancer 83: 30-36. 2014
DOI: 10.1016/j.0lungcan.2013.10.011.
2. Masayuki Yasugi, Nagio Takigawa,
Nobuaki Ochi, Katsuyuki Kiura, et al.
Everolimus prolonged survival in
transgenic mice with EGFR-driven Ilung
tumors. Exp Cell Res 326: 201-209, 2014
DOI: 10.1016/j.yexcr.2014.04.012.
3. Nobuaki Ochi, Nagio Takigawa, Katsuyuki
Kiura, et al. Src mediates ERK
reactivation in gefitinib resistance in
non-small cell lung cancer. Exp Cell Res
322: 168-177, 2014
DOI: 10.1016/j.yexcr.2014.01.007.
4. Daijiro Harada, Nagio Takigawa,
Katsuyuki Kiura, et al. The role of STAT3
in non-small cell lung cancer. Cancers
(Basel) 6: 708-722, 2014
DOI: 10.3390/cancers6020708.
5. Hiromasa Takeda, Nagio Takigawa,
Nobuaki Ochi, Katsuyuki Kiura, et al.
Vandetanib is effective in EGFR-mutant
lung cancer cells with PTEN deficiency.
Experimental Cell Research 319, 417-423,
2013
DOI: 10.1016/j.yexcr.2012.12.018.
6. Takashi Ninomiya, Nagio Takigawa,
Nobuaki Ochi, Katsuyuki Kiura, et al.
Afatinib prolongs survival compared with
gefitinib in an epidermal growth factor
receptor-driven lung cancer model. Mol
Cancer Ther 12:589-597, 2013
DOI: 10.1158/1535-7163.MCT-12-0885.
7. Daijiro Harada, Nagio Takigawa, Nobuaki
Ochi, Katsuyuki Kiura, et al. JAK2-related
pathway induces acquired erlotinib
resistance in lung cancer cells harboring
an  epidermal growth factor receptor
activating mutation. Cancer Science 103,
1795-1802, 2012
DOI: 10.1111/.1349-7006.2012.02363.X.
4

1. Yuka Kato, Nagio Takigawa, Katsuyuki
Kiura, et al. Epidermal growth factor
receptor signaling conferred acquired
crizotinib resistance to a non-small cell
lung cancer cell 1line harboring the
SLC34A2-R0OS1 fusion gene.

2014 9 28 , FeriadeMadrid, Madrid,
Spain
2. Hideko Isozaki, Ochi Nobuaki, Nagio
Takigawa, Katsuyuki Kiura, et al. ALK

inactivation induced acquired resistance
to alectinib in lung cancer harboring
EML4-ALK fusion gene. 2014

4 6 , San Diego Convention Center, San
Diego, USA

3. Daisuke Minami, Nagio Takigawa, Nobuaki
Ochi, Katsuyuki Kiura et al. PTEN
deficient lung cancer cells are sensitive
to the combination of olaparib with
cisplatin through suppressing DNA damage

signaling. 2013 4 8
Washington Convention Center, Washington
DC, USA
4.
. EGFR
JAK1/2 AZD1480 . 7
.2012 09 20
0
o 0
o 0
@
TAKIGAWA NAGIO
60325107
&)
KIURA KATSUYUKI
10243502
(YAMANE HIROMICHI)
50624897
(TABAYASHI TAKAYUKI)
60624898
(OCHI NOBUAKT)
80611615
®



