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AEAR

AARE: amino acid response element

ALK: anaplastic lymphoma kinase

ATF4: activating transcription factor 4

BIM: Bcl-2 interacting mediator of cell death

BIP: binding immunoglobulin protein

CHOP: C/EBP homologous protein

CReP: constitutive reverter of eIF2a phosphorylation
DDR2: discoidin domain receptor 2

DMEM: Dulbecco’s modified Eagle’s medium

DMSO: dimethylsulfoxide

EDTA: ethylenediaminetetraacetic acid

EGFR: epidermal growth factor receptor

elF2: eukaryotic initiation factor 2

EMLA4: echinoderm microtubule associated protein like 4
ERSE: endoplasmic reticulum stress response element
FBS: fetal bovine serum

FGFR1: fibroblast growth factor receptor 1

GADD34: growth arrest and DNA damage 34

GCN2: general control nonderepressible 2

HEPES: 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
HRD1: HMG-CoA reductase degradation 1

HRI: heme regulated inhibitor kinase

HSP70: heat shock protein 70

IRE1: inositol requiring kinase 1

KRAS: Kirsten rat sarcoma viral oncogene homolog
MAPK: mitogen activated protein kinase

MET: mesenchymal epithelial transition factor proto-oncogene

MTT: 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide



PARKZ:
PERK:
PKR:
PPP1R:
PP1:
RET:
ROSI:

RPMI1640:

SEL1:
STATS:
TUDCA:
UORF:
UPR:
UPRE:
XBP1:

Parkinson juvenile disease protein 2
protein kinase-R like ER kinase

protein kinase RNA-activated

protein phosphatase 1 regulatory subunits
protein phosphatase 1

rearranged during transfection

c-Ros oncogene 1

Roswell Park Memorial Institute 1640
suppressor or enhancer of lin-12 1

signal transducer and activator of transcription 3
tauroursodeoxycholic acid

upstream open reading frame

unfolded protein response

unfolded protein response element

X-box binding protein 1
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Figure 1-1. mRNA expression of UPR-related genes in A549 cells treated with (A) gefitinib and (B)
erlotinib.

A549 cells were treated with gefitinib or erlotinib (0.5-10 uM) for 24 and 48 h accordingly. Each mRNA
expression level was normalized to 18S rRNA level, and plotted relative to the control value (designated as
1.0). Data are expressed as means + S.E.M. of at least three independent experiments. Asterisks indicate
significant differences from DMSO group (*; p < 0.05, **; p < 0.01, ***; p < 0.001, one-way ANOVA with
Dunnett’s test).



10 uM @ Gefitinib 5 &2 X Erlotinib 2 L& L 7= A549 #2353 T, CHOP D 4 > /X
7 BB THALE O 3% s SN ER L 6 D 12 %A v —2 L LT,
ZD%IKT Lz (Figurel-2), — 75, Bip ICBH L Tt ¥ v XV BRI EOEENITIR L1
7 olz, PARK2 B2 LY 22— RIS 5 Parkin I3 C& Aedo7, ZHUE,
A549 el Z 31T % Parkin OFBEIMES RHHIRFLU T CThoTclcd & B2 b,
/MR A N U A& FRET % tunicamycin (3, A549 HifIZISI1T 5 CHOP 35 LU Bip @
KRy ERB A BTN S 7= (Figure 1-2)

(A) Gefitinib Erlotinib
0 3 6 12 24 48 0 3 6 12 24 48 (h)

Bip | e v wm v - - - |

CHOP | - =<

B-actin | e - e — — - — - - - — —

DMSO Tunicamycin
0 3 6 12 24 48 0 3 6 12 24 48 (h)

Bip —————— — — - - <

CHOP [ — — =& — = =& - <

Bractin |« e - - o c— - — —— ——

(B) 4 .
£
2-6.0
g'.”""
h‘_;z.o O oh
0.0 O 3h
Gef Erl DMSO Tm O 6h
[l 12h
40
£ W 24h
R
030 H 48h
@20
a
010 -
I * *
(SR N o i =N o

Gef Erl DMSO Tm

Figure I-2. Bip and CHOP expression in A549 cells treated with gefitinib and erlotinib.

A549 cells were treated with gefitinib (10 pM), erlotinib (10 uM) or tunicamycin (2.5 pg/mL) for indicated
times. Whole-cell lysates were analyzed by immunoblotting using antibodies specific for KDEL, CHOP or
B-actin. (A) Representative images of three independent experiments are shown. (B) Quantitative data are
expressed as means + S.E.M. Asterisks indicate significant differences from 0 h group (*; p < 0.05, **; p <
0.01, ***; p <0.001, one-way ANOVA with Dunnett’s test).
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Figure 1-3. Activation of elF20 and ATF4 by gefitinib and erlotinib.

A549 cells were treated with gefitinib (10 uM) or erlotinib (10 pM) for indicated times. Whole-cell lysates
were analyzed by immunoblotting using antibodies specific for elF2a, phospho-elF2a,, ATF4 or B-actin. (A)
Representative images of three independent experiments are shown. (B) Quantitative data are expressed as
means + S.E.M. Asterisks indicate significant differences from 0 h group (*; p < 0.05, **; p < 0.01, ***; p<
0.001, one-way ANOVA with Dunnett’s test).
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Figure I-4. PERK in A549 cells treated with gefitinib and erlotinib.

A549 cells were treated with (A) tunicamycin (0.005-10 pg/mL) for 6 h and (B) gefitinib (10 uM) or
erlotinib (10 uM) for indicated times. Whole-cell lysates were analyzed by immunoblotting using antibody
specific for PERK. Representative images of three independent experiments are shown.
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Figure I-5. A549 cell viability after treatment with gefitinib and erlotinib.

A549 cells were treated with gefitinib (10 uM), erlotinib (10 M) or tunicamycin (2.5 ug/mL) for 48 h. (A)
Whole-cell lysates were analyzed by immunoblotting using antibodies specific for cleaved caspase-3 or -
actin. (B) Rates of trypan blue stained cells were estimated from three independent experiments and
expressed as means + S.E.M. (C) Cells were stained with Hoechst33342, Ethidium Homodimer 111 or FITC-
Annexin V (Magnification x100, scale bar; 200 um). Representative images of three independent
experiments are shown. Quantitative data are expressed as means + S.E.M. Asterisks indicate significant
differences from DMSO group (***; p < 0.001, one-way ANOVA with Dunnett’s test).
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Figure 1-6. Growth inhibition of A549 cells by (A) gefitinib and (B) erlotinib.

A549 cells were treated with gefitinib or erlotinib (1-10 uM). Cell counts were estimated by MTT assay.
Data are expressed as means = S.E.M. of three independent experiments. Each symbol indicates
significant differences from DMSO group; a; p <0.05, aa; p < 0.01 (DMSO vs. 1 uM), bb; p <0.01, bbb;
p<0.001 (DMSO vs. 5 uM), ¢; p<0.05, cc; p<0.01, ccc; p<0.001 (DMSO vs. 10 uM), one-way ANOVA
with Dunnett’s test.
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Figure I-7. Cyclin-D1 expression in A549 cells treated with gefitinib and erlotinib.

A549 cells were treated with gefitinib or erlotinib (10 uM) for indicated times. Whole-cell lysates were
analyzed by immunoblotting using antibodies specific for cyclin-D1 or B-actin. (A) Representative images
of three independent experiments are shown. (B) Quantitative data are expressed as means = S.E.M.
Asterisks indicate significant differences from 0 h group (***; p < 0.001, one-way ANOVA with Dunnett’s
test).
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FIOET Gefitinib 3 X QY Erlotinib (2 X % elF2a DV VU E{LIZX4 5 TUDCA DEEE

AN D elF2a @ U ki cyclin-D1 ORBEDIK F 25 & 2§ LM ST
W2 A58 22T, elF2o OV UL L~V &5  tauroursodeoxycholic acid

(TUDCA) % HW\T %49 EGFR FHESKIZ LD elF2a @ U U #{k & cyclin-D1 DFEEL
SO T F KOS OINH] & OBSEM: DUV ThiEt L 72, TUDCA 13 Gefitinib 35
L OV Erlotinib 12 X % U UMl elF20 LUV FR-A28#T 5 & & b2, WM L5
cyclin-D1 OFEBUE T 2888 L 7= (Figure 1-8) . Cyclin-D1 D55 & [FIEkIZ, TUDCA 1%
Gefitinib & Erlotinib (2 & %5 Ab549 e O HEFEINH] 2 i BRI #EF L 7= (Figure I-

9),

(A)
DMSO Gef Erl
0.5mMTUDCA - + - + - +
p-elF2q | ™ = w————
Cyclin-D1 ====—=
B-actin | e e e c———
(B)
25
52.0
3}
15
E | %
0.5 - ,
0.0 2z %
TUDCA

DMSO  Gef Erl DMSO  Gef Erl

Figure 1-8. Effects of TUDCA on elF2a phosphorylation and cyclin-D1 reduction in A549 cells

treated with gefitinib and erlotinib.
A549 cells were treated with gefitinib or erlotinib (10 uM) with/without TUDCA (0.5 mM) for 3 h. Whole-

cell lysates were analyzed by immunoblotting using antibodies specific for phospho-elF2a, cyclin-D1 or B-
actin. (A) Representative images of five independent experiments are shown. (B) Quantitative data are
expressed as means + S.E.M. Asterisks indicate significant differences between two groups (*; p < 0.05, **;
p <0.01, ***; p < 0.001, one-way ANOVA with Tukey-Kramer’s test).
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Figure 1-9. Effects of TUDCA on A549 cell growth inhibition induced by gefitinib and erlotinib.

A549 cells were treated with gefitinib or erlotinib (10 uM). Cell counts were estimated by MTT assay. Data
are expressed as means + S.E.M. of three independent experiments. Asterisks indicate significant differences
between two groups (*; p < 0.05, **; p < 0.01, ***; p < 0.001, one-way ANOVA with Tukey-Kramer’s test).
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FEHE Gefitinib 38 X O Erlotinib 12 X 5 elF20 DV VER{LIZX45 EGFR
knockdown D28

Iz, Gefitinib & Erlotinib (2 X % elF2a @V U ER{LAY EGFR IZKT H1ERIZ L DD
OV T SIRNA Z FIWTRRGE L7z, EGFR (2% % siRNA 383 (2 EGFR O
FEHLAAIH] L7223, 2 OS5 FIZR VT Gefitinib & Erlotinib 24L& L 7= A549 fifid
Tl elF2a ® U AL AEIE ST (Figure1-10), Gefitinib & Erlotinib (2 & % cyclin-
D1 DK X EGFR @ knockdown (Z &2 V) SEAITITARE S /e dr - 7= (Figure 1-10)

(A) DMSO Gef Erl (B) 12
I I S ]
. s E ESE SE 104 L
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Figure 1-10. Effects of EGFR knockdown on elF2e. phosphorylation and cyclin-D1 reduction in A549
cells treated with gefitinib and erlotinib.

A549 cells were transfected with 50 pmol of siRNA against EGFR or control siRNA for 48 h before
treatment with gefitinib or erlotinib (10 uM) for further 3 h. Whole-cell lysates were analyzed by
immunoblotting using antibodies specific for (B) EGFR, (C) phospho-elF2a, (D) cyclin-D1 or B-actin. (A)
Representative images of five independent experiments are shown. Quantitative data are expressed as means
+ S.E.M. Asterisks indicate significant differences between two groups (*; p < 0.05, **; p < 0.01, ***; p <
0.001, one-way ANOVA with Tukey-Kramer’s test).
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ANE PC-9 MBI % Gefitinib 38 X T Erlotinib DEE

Gefitinib & Erlotinib (2 X % elF20 @ U U ELAS, 2406 O3NS & 70 5 I/ N
R ORI BT H A U D 0MRE L7z, EGFR EE A H D 9 5| exonl9 KA
FEB L exon2l @ L858R MZZRZEF (D 2 DITAERDK) 85%% HH TR . Riflx
45% & b 20 A0, RHTTIL exonl9 KRR A3 2 il Ik Td 5 PC-9 i
faZ FAVW TRt 217 - 7= 51, PC-9 i Gefitinib & Erlotinib 24L& L 7=, w066
RICEDPEEToTo L A, MW PCOMILIZT R h— AR 7 — A b
Wo ofilast a2 Xk 23 2 LR X7 (Figure 1-11), 7=, PC-9 Hif@ CiXi
SEW) D ALIE 7% |\ B 7R AR P A BlaE S 47 (Figure 1-12)

DMSO 0.1 uM Gef 0.1 uM Erl 2.5 ug/mL Tm 40

Hoechst
Necrosis (%)
- N [34]
o o o

o

Annexin V Ethidium-Ill

Tm

o' =
[77) w
EG
[a]

Figure I-11. PC-9 cell viability after treatment with gefitinib and erlotinib.

PC-9 cells were treated with gefitinib (0.1 uM), erlotinib (0.1 uM) or tunicamycin (2.5 pg/mL) for 24 h,
Cells were stained with Hoechst33342, Ethidium Homodimer 111 or FITC-Annexin V (Magnification x100,
scale bar; 200 um). Representative images of three independent experiments are shown. Quantitative data
are expressed as means + S.E.M. Asterisks indicate significant differences from DMSO group (***; p <
0.001, one-way ANOVA with Dunnett’s test).
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Figure I-12. Relative number of PC-9 cells treated with (A) gefitinib and (B) erlotinib.

PC-9 cells were treated with gefitinib or erlotinib (0.01-10 uM). Cell counts were estimated by MTT
assay. Data are expressed as means = S.E.M. of three independent experiments. Each symbol indicates
significant differences from DMSO group; a; p < 0.05, aa; p < 0.01, aaa; p < 0.001 (DMSO vs. 0.01 uM),
bbb; p<0.001 (DMSO vs. 0.1 uM), ccc; p< 0.001 (DMSO vs. 1 uM), ddd; p <0.001 (DMSO vs. 10 uM),
one-way ANOVA with Dunnett’s test.

Wiz, PC-9 Az I\ C % Gefitinib & Erlotinib |2 X % elF2a @ U “fi#{k & cyclin-
D1 IR I E Z 22MRRE L= & 2 A, AB49 i & [RIERIC I ALE . 3 D
Al elF2a L-UL D F5- & cyclin-D1 O3 BLEDOK T2 H. 6072 (Figurel-13) , PC-
9 Ml ZI3 1T D TUDCA DBRICHOWTHRES L7z & 24, TUDCA I3 Gefitinib 12 X %
elF20 DYV {4 B3, Erlotinib |12 X 2 elF2a @V (b4 Bl 2 8m 2 7=
L7=23, Wi#E & BICHBERZEIRE 2o 7- (Figure 1-14), TUDCA 1% Gefitinib &
Erlotinib (Z X % cyclin-D1 E&DK T #8498 L 725 > 7= (Figure-14), & 512, Gefitinib
& Erlotinib (2 X % PC-9 kD 2B L TH, TUDCA IZ X D ReERIT A b
7¢7n-o 7= (Figure 1-15) ,
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Figure 1-13. Phospho-elF2a and cyclin-D1 levels in PC-9 cells treated with gefitinib and erlotinib.

PC-9 cells were treated with gefitinib or erlotinib (10 uM) for indicated times. Whole-cell lysates were
analyzed by immunoblotting using antibodies specific for cyclin-D1 or B-actin. (A) Representative images
of three independent experiments are shown. (B) Quantitative data are expressed as means = S.E.M.
Asterisks indicate significant differences from 0 h group (**; p < 0.01, ***; p < 0.001, one-way ANOVA

with Dunnett’s test).
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Figure 1-14. Effects of TUDCA on elF2a phosphorylation and cyclin-D1 reduction in PC-9 cells

treated with gefitinib and erlotinib.
PC-9 cells were treated with gefitinib or erlotinib (10 uM) with/without TUDCA (0.5 mM) for 3 h. Whole-

cell lysates were analyzed by immunaoblotting using antibodies specific for phospho-elF2a, cyclin-D1 or -
actin. (A) Representative images of three independent experiments are shown. (B) Quantitative data are
expressed as means + S.E.M. Asterisks indicate significant differences between two groups (*; p < 0.05, **;

p <0.01, one-way ANOVA with Tukey-Kramer’s test).
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Figure I-15. Effects of TUDCA on cell viability of PC-9 treated with gefitinib and erlotinib.

PC-9 cells were treated with gefitinib or erlotinib (10 pM). Cell counts were estimated by MTT assay. Data
are expressed as means + S.E.M. of three independent experiments. N.S. indicates insignificant differences
between two groups (one-way ANOVA with Tukey-Kramer’s test).
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=i

JTisee FEAT O FTkEAR X, MBI X D ABME 225 WEE O b OIZ X 58, KU
WIEACTIRIE L W o TR K D EFEICH S D 2 L2720 (2 OEICHEED
BEEZRER SND 8, iloBEEOBE, T AN EEGia oSl Td £ 11
RUtifE_E RGOSR MG D CEE R E A Rl LT 90, 22 TRETIT,
Gefitinib & Erlotinib 2 IT R il _E R o€ )L Cdh 5 AB49 Ml 5% 2 58825
W, MEERA NV RICBEE LTy T UICE B L TRE LT,

A549 HAEIZ331F D PARK2 35 JL TV CHOP @ mRNA J¢8i1 81X Gefitinib & Erlotinib @
IREEARAFIC R L7, CHOP #ixTD#x5E endoplasmic reticulum stress response
element (ERSE). unfolded protein response element (UPRE) 35X OV AARE %41 LTIk
PEL S D 298, Z LC, ATF4 1% AARE %45 & LT PARK2 DERH 2 i L T\ %
Z D 28 Gefitinib 33 X O Erlotinib 7% A549 FlIfEIZ 33\ T PERK/eIF20/ATF4 %1%
ZIEHE L TVWD EE X BTz, £ ZTRIZ, 2 b D FOIEHAIZ OV TGS L
720 T OFER T elF20 D U VR b & ATF4 OIFH L EERL L T2 Z &b,
PARK2 & CHOP @ mRNA FELEDHINNN elF20/ATF4 £ OTEMHALIC L Db D TH
HZ eI N,

—J. elF20 DV AL EIEE SN2 BB 577, Gefitinib & Erlotinib (2 X % /)
JfEA kL AP —D—DTH % PERK¥® DIEMELITIRD HivZe o Te, EHIZ,
T B OHEY)IE HRDL 3 LTV SELL @ mRNA JHUC B4 5 2 72/~ 7=, HRD1 &
fnt & SELL Bfn 1 DisE L, ATF6 #2i¥ & O inositol requiring kinase 1/X-box binding
protein 1 (IREL/XBP1) #&#&IZ L > T84 51T %5 UPRE & ERSE |2 L - Talifi &4
TN B 723 5 ATF6 #1535 KOV IRELUXBPL SR EITIE ML L CWhvaan e & 2 bt
LI EX Y, PERK, IRE1 B L WNATF6 D 3 SO/NMaEA kL At P —EMAL L T
W W EHERI S D Z & D, Gefitinib & Erlotinib 1% A549 fifaiZxt L C/aEE A K
VAZFER LW EE 2 iz, 3725, Gefitinib & Erlotinib 12 L % elF2a DV >
i, /IMEaE R L RIZ KD PERK OIEMALLISNOBETIZ X D1EH Th 2 L #E%2
iz,

Gefitinib & Erlotinib ZZLE L 7= A549 #lifl Tk, CHOP @& L /X7 L~ yL{d—iH

MEICHNCIRE S LTz, LarL, ATFA OFFE XV & CHOP OFFEN A LTS &
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WOFERMND . AL TIR® Hiviz CHOP % L /X7 B OMNINE ATF4 OFEORE R
FIEHZ SN b DT ARWEEZ X bz, LRTO#HE % T, elF20 O U U EEkIC
Lo THIRIN D GTP #EE elF2 254¥E 3 % & . CHOP @ LiitlZ477E7 % open reading
frame (UORF) (T X 2 HlfEI2M#RER X 4L, CHOP mRNA 2MEJEHICHIRR S5 ATREM: DS
RIEIITWD, 3725, Gefitinib & Erlotinib |2 & %5 CHOP mRNA D538 X ATF4
DN LD D EZEX XD, —J7, MEMITLD CHOP & /7 EOHINCE
LTI, elF20 D U UFRIKIZ & - T GTP K& elF2 23ke) L 7SR, ATF4 OFfiE %
I &2 CHOP OFFRAFHFE SN2 b D LHEHITE 2,

A549 i 3\ T Gefitinib & Erlotinib DALEIZ L W 7K b — AFREIR 1 CTH 5
CHOP OFEL EH L7-IZ BB BT, M3EMIE caspase-3 OIRMEAL HAIIUIE S 5| &
L= 727z, Gefitinib <> Erlotinib (Z & 5 CHOP @FFE (X, tunicamycin (Z X 5%
L& L CEMNTNE NS D TH -7, CHOP %+ B &7 Hiflg TIE 7 AR b
—VANFEIND Z EDRFESNTWD ¥ Fo, ARFHIBW TS tunicamycin
DORLEIZ LY CHOP OFFE L caspase-3 DIEMALNBIER SNTZ, ZHHDZ Enb,
Gefitinib & Erlotinib (Z & - T caspase-3 23EMAL L7220y > 7= DX, CHOP OFFENA
+aThotciebEBELLNS, LaL, ERZTARMME EEZMEIZEWNTS
Gefitinib <X° Erlotinib DALE (2 & 0 HIIEIEDNE Z 22V O N DWW TR, AN BT S
K5 Z LIXTERY, AB49 MHfiE KRAS R ICEREZFEOT-%, Gefitinib <
Erlotinib 7 & @ EGFR BHESEIZx L Tt 2R SR T 5 8, 1E-> T, ZDRITD
WTHI BT 2121, EGFR {51~ & KRAS (&5 1D Wi 5 3B AERICH 2 TR
R 2 W DS LB T B

TUDCA DIEALEIT A549 MifliCI1T 5 U (L elF20 L~V 2T SET7208,
Gefitinib & Erlotinib | & % cyclin-D1 OAK T 36 K O A549 il o> HE FEdimafil] 2 #8838k L 7=,
ZIH OFRERITMI I XL 5 cyclin-D1 FELEDOIK T & HEFEINE] DS elF20 OV 1L
LTINS Z EaERELTWD, [RIFFZ, TUDCA 23 Gefitinib <° Erlotinib (2 X 5 1T
TUJTife b BRI O HETEINH] 2 88 U Bl OEE 2R e 3 5 rreEtE b iR L TV 5,
VIR & | il b BGHIE O E sl 2 i H ISR 545 Z L @i S T& el & %
BE 2 5 & 90 Gefitinib & Erlotinib |2 X % REMENIZE B O B2 TUDCA 23E2E T
b D ATREME S HEZR S D,

Gefitinib 35 . OV Erlotinib 12 L 5 U U ERME elF2a L~L 3D E5-H3 EGFR IZk4 A 1EH
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IZE Db DRDNITHONT SiRNA Z HWTHRGEE L7 & 2 A, EGFR @ knockdown %
Gefitinib <> Erlotinib (2L 2 U VEE{L elF2a L-L D ERITEE L7202 EAVHIBA L
72o —77. EGFR ® knockdown /4 T2 T cyclin-D1 & DK R 2350 FIIZER
LIz Z b, Gefitinib 35 2O Erlotinib (2 X 5 cyclin-D1 EDX Fi2iX EGFR 1K1+
AI7eEM & EGFR JHRFMIZAERI N IAET 5 2 LAVR &Iz, ZAE T, EGFR B
HIZ X 5 cyclin-D1 O FIZEGFR FAENRICL D LD THDH EE X b TE 7=
63—, EGF T X% 27 F/UniEA mitogen activated protein kinase (MAPK) <2
signal transducer and activator of transcription 3 (STAT3) % {&MAb9 25 Z LITINZ T,
EGFR DENBAT 2T % = & Teyclin-D1 OG- A HEHET 5 7= Th 5 616,
ARETClE, EGFR BLEFTH 25 Gefitinib 33 L O Erlotinib (Z X % cyclin-D1 &K T
D—EH, EGFR Z T ERWRIRIC L > THIERZ IND Z L Z2H BN LT,
W13 EGFR 1B n A RO il la T & 5 PC-9 MIGIZ RS LT LWl
WA THE LB, elF2a OV Vb~ LD EH & cyclin-D1 DK T % 5] X
B2 L7z, —77. AB49 fifid & 13572 v | PC-9 i Cid TUDCA D HALEIZ L 5 cyclin-
D1 BT IR D E O RS R BIEZR S o 1o, — kIS, g
D) LRNNIZE OB ERDAAET 255 FEERITI e i-Cr et (< B 57
LFEET & UTERT ERIIDHETH D L ST D M mfliiaix e o X o 7
PR OFEBIRT DO LT HTERIC IKFELTEBY ., Zhza DEEs e
(oncogene addiction) | &9 ® EGFR @ﬁ%%ﬂ:ﬁﬁi@ﬂmﬁnﬁﬁiﬂ@@% D HAI 72451
EINDHN B DL RMMEICRT D EGFR BRI ONFIE EGFR (Zxtd 5 A5
TEFNZIR < KAFT %, EGFR FHEIKIC X 2 @Al 7 AR b — 2 A%, Bel-2 interacting
mediator of cell death (BIM) OFID EFHIZE>TI b RUT7DY b7 a b el
HEITHRFPIC L FEEND ®, fEo> T, PCO Mfdizxt LT TUDCA A3\
RAERI IR ToDIX, EGFR FHRAFHIZ elF20 D Y VI K D5 BOFEMR, £
B EGFR (2R <{KFFT 5 PC-O MW TIIAD RN oTe7ed ThDH LB 2 b
%, FEiz, PC-9 HfZIT TUDCA @ elF20 @YV LA A A A H AU < A
S 7=DX, Gefitinib & Erlotinib |2 X % EGFR BLEEMA DN KE <. PC-9 HlEiZ
REBRARN VAR TRIEICH T2 TH D EEZ DD, UL EORER A &
%% & TUDCA i3 Gefitinib & Erlotinib o3/ INilRa it (29~ 2 16 R 135 B A
H-%2 % Z & 72< | Gefitinib & Erlotinib |2 X 2 VE MR EZ TRIT 280103 s T &
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HEEZ NS,
P, REIZEBW T, Gefitinib 38 X U Erlotinib 7% EGFR FEEIZEAINC elF20 D U Ui
fbzaTeE L, TAUffAE BRI O BEREMHNIc B 5 L CnWad Z &2 R L=,
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# 2  Gefitinib 38 LW Erlotinib 12 X % elF2a U B FE DFEMT

BBV T, EE L Gefitinib & Erlotinib 23 elF2a @V gL~ % FR-&
WD EERH Lz, L LS, ZOBGUI/MakA b L AL EGFR FHEFEIEAIC
L5 HDTIHRL, EOX DI FTY UL elF2a ORI _EH LTV 22003 RH
Tholz, elF2a DV UFRb L@ L 73 TR _E R OB 5rnHI B 5- LT
WD EEZ DN L ZTOBFOMIIL, AEEERFETO U 27 D720 Ml
DRBICEERICB T DEIWEH T O DICHE Th D EE 2D, T I TRETIE,
EGFR FHEIRIC X 5 elF20 DV FRUASFF OffdT % 538772,

FRRBALEIR - D—>TdH 5 elF2 1L, methionine 254 L7= tRNA B L OE T RV
F—U U E AR GTP il L. 24D 2B E A RIS A TR 2 Fr
-, Methionine & tRNA 235BHig = R 23854 2 2 & THRRSBtG S /=%, GTP
AT elF2 1X GDP falelF2 L 725, elFR2 D a7 2= bk (elF2a) %, 51 % H
O serine 7RIS Y V95 Z & T, GDP fEEH elF2 % GTP fEA 4 elF2 ~ & £
THEFETHD elF2B ITHEEG L CEOME ZHET S 2, ZOREE, MaNO GTP
fEe elF2 255V8 9 % & FRRBAIMGE SR DIEAME T T 572, mRNA 725 & /3
7 E~OFRRER I S D, ATFA L2 CHOP 72 X DA | L A IRE Sy 1O —EBIE,
a—F ¢ VU ZHERO _EFRICFET D UORF 12 X - CHElFRHIFRRMH ST b
O, Lo, elFR2a 3V VEEfhED & GTPfEAT elF2 DA X - THIERBA%A
BERDIERDPEIES D Z LT, AkDa—F ¢ FHEOBAtE = R D358 S 4.
EIERNCHIR SN D K 912725, 2D X 91T, elF2a DV UER{kIE, Ml 2R3 2 K
L ATKHNE T DT OBEERS T FAO—DTh 5,

R FLEEAIARIC BT 2 elF2a @ U > F2{kiX. general control nonderepressible 2 (GCN2) .
PERK . protein kinase RNA-activated (PKR). heme regulated inhibitor kinase (HRI) &
WO FERMEOE 4 FEEEO U UEMEEERIZ L o TITOIL D, 26D U kiR
X, MRS & v R AR AR T &5 _RERPLUCHE - 2B E TG LT 5,
GCN2 (%, Alfan 7T X/ BBAERICIE S5 & Ml OIERTE tRNA OBINA R L
TIEMEA LT 2 88, PERK 1%, /IME&A b L 2|2 X - T Bip 25T L7, TSR
BROY VBT 22 LTV R LBERTEMEA ST 2 % PKR X, Hifa2s RNA ¥
A NVATEGET 5 & dSRNA Z38i%k L CTH U gk L CiEM kT 5 ™, 1R
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RN FBL RS 5 HRI IE, ~ADRZIZE > TEH(L L, 71 B DA Z ]
THZLICL DAL ORLARETS 2

EFED 4 5DV UEREEESRIT elF2a @ 51 & H O serine FEA U RT3,
DY LD L~UE U CERLEESE (Kinase) 721 T2 < U R LE%SE (phosphatase)
X THEEIN, WEDONRT A ZX > THREEND, Serinelthreonine protein
phosphatase 7 7 X U —IX 7 fHOY 77 7 I U —IZ3B I DH D3, elF2a DMLY 12
{LICREE-9 5 & s STV 5 Dl protein phosphatase 1 (PP1) T2 3, b Mk
VT serine/threonine protein kinase (3557 400 FEEAAMFAET 2D DIZxt L T, serine/threonine
protein phosphatase |35 HFEEREE TH D ™, HMICE X =56, 1 20U URLEESR
MLODEL N TEEFERE L, 1 ODY U bBEE NG DO EE Z v\ E
FREH & LCONTE, Z o7 BOMRRIZEBICITRE c& 202 Liciz s, 2ib
DY A VEERM DI D ANEIE, 1 DD Y ER{VEEFR D e B & R > AR 7 b
IR 1L AR AR T 5 Z LiIc Lo THibIL b EEZEX TG B 7
H Y CBRACEER MO SR DRERERENA T LA G D S D E Y LN B AR
T D LT DOBY VLR D ENC S  DFEE X XD B OMSREE % [E
BINCAT 9 Z &N A[RE & 72 D, PPL O Z FHHI 7 % [K11% protein phosphatase 1
regulatory subunits (PPP1R) i&E{xt~7 7 X U —IZJ/@ L. elF2a \Zxd 5 AVE R824 1)
54~ 7% BEREFREIIN - & L C growth arrest and DNA damage 34 (GADD34, PPP1R15A)
& constitutive reverter of eIF2a phosphorylation (CReP, PPP1R15B) @ 2 DM [EIE X4
T\ 87 GADD34 i elF2a #is K A A VB L OPPLEEG RAL v &FL, EB 5
DRAAL b elFR20 DI VEEIZE > THETH D LESN TV D728 87 PPL
& elF20 Z AHICHESE, WY BSOSO RS E L THRIET 2 £ B2 b5,
GADD34 [F/NafAA b LAY X/ BRHUEKFED A b L A RERHIHFEES 555 F T
HY ., FHRIHI ORI ST 2 L EX B TND 8, —J CReP I3FEA b L AR
D elF2a DY VAL L~V EFREI LT D E STV D08, RIEIAZR A 80
76,81O

VL% E 2 RETIL, Gefitinib & Erlotinib (2 X > TILET 5 elF2a @V iRk
DEEFIZHOWT, U U i & U B fR oM 7128 B L TR 2D 7,
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F—E U UEBLERO@ENT

U R bIEEEIZFE B L. Gefitinib & Erlotinib (2 X5 U 21k elF2a L~L D EFIZ
X35 elF2o U U FRfVEESR OFE B D 528 2 1 L7z, AB49 #lifidic GCN2, PERK
BLOPKR OENZIUIKTT 5 sSIRNA ZEA L, £ D 48 Kiftil#£ 12 Gefitinib & 2\
I Erlotinib % 4L{& L 7=, GCN2, PERK 35 XU PKR OWT DA & +57 72 58 B
Hil 2R TE D, 2O X BREHFIZBNTEH U V(L elF20 L-UL D EFBEIEE S
. ZOFEEEIL control sSiRNA ZE A L7-flla CRRO LNz R/ ERBEETH -2

(Figure11-1), ¥IZ. GCN2, PERK 3 X UNPKR @ elF2a V bR 2RI 645
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HRIZE A L, £ T Gefitinib & Erloitnib 24L& L7-, 3 fid siRNA 7% [FIF|CiE
ALT=FMHZHVTH, GCN2, PERK 3 L TN PKR O2TIZxI 5 3 BLINHIAFRD &
iz (Figurell-2), = LT, ZDOFRMIZEWTY Gefitinib & Erlotinib (2 X 5 U ik
elF20 L-~UL D EFIIKSR & L CBiIgR &7 (Figure 11-2),
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Figure 11-1. Effects of elF2¢ kinase knockdown on phospho-elF2a, level in A549 cells treated with

gefitinib and erlotinib.

A549 cells were transfected with 50 pmol of siRNA against GCN2, PERK or PKR, or control siRNA for 48
h before treatment with gefitinib or erlotinib (10 uM) for further 3 h. Whole-cell lysates were analyzed by
immunoblotting using antibodies specific for (B) phospho-elF2a, (C) GCN2, (D) PERK, (E) PKR, (F) elF2a
or B-actin. (A) Representative images of three independent experiments are shown. Quantitative data are
expressed as means + S.E.M. Asterisks indicate significant differences between two groups (*; p < 0.05, **;
p <0.01, one-way ANOVA with Dunnett’s test).
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Figure 11-2. Effects of simultaneous knockdown of three elF2a kinases on phospho-elF2a level in
A549 cells treated with gefitinib and erlotinib.

A549 cells were transfected with all of siRNAs against GCN2 (30 pmol), PERK (30 pmol) and PKR (40
pmol), or control sSiRNA for 48 h before treatment with gefitinib or erlotinib (10 pM) for further 3 h. Whole-
cell lysates were analyzed by immunoblotting using antibodies specific for (B) phospho-elF2a, (C) GCN2,
(D) PERK, (E) PKR, (F) elF2a. or B-actin. (A) Representative images of three independent experiments are
shown. Quantitative data are expressed as means + S.E.M. Asterisks indicate significant differences between
two groups (*; p < 0.05, **; p < 0.01, ***; p < 0.001, one-way ANOVA with Dunnett’s test).

32



B B UBRLRRORENT

itV R GIERFRIZ OWCRRETT 5 78, Gefitinib & Erlotinib (2 X% U 1L elF2a
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N7z, AB49 il control SIRNA, %7213 GCN2, PERK ¥ X UNPKR @ 3 FED
elF20 Y PRV EEEICKT 2 SIRNA Z[ERFICEA L, 20 48 FFE#E»S 1 uM D
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95728, PP1/GADD34 AR S ILEHK TH % salubrinal Z IV TG 21T
272, AB549 #ifidiZ control SIRNA, F 7213 GCN2, PERK LU PKR @ 3 FED elF20
U bR I 2 SIRNA Z [RIRFIZE A L, £ 0 48 IRl 6 50 uM @ salubrinal
T 3 IFREIATALE L, Gefitinib & %\ M Erlotinib & salubrinal % 3 FREffjILLE L=, %

DOFEFR., BREZEX2D > 72753, salubrinal (% DMSO BED U UMl elF20 LV % E5F
XA fH|A 2o L7z (Figure 11-5) , elF2a U U liR{bEEsR OB BINHI O A I b 537,
salubrinal L& S5 T Cid Gefitinib & Erlotinib (252 U U ERML elF2a L~V @D LA
7 bavle (Figure 11-5) , Salubrinal ALE S T T, control SIRNA [ZH~T elF2a U
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Figure 11-3. Effects of okadaic acid on phospho-elF2a level in A549 cells treated with gefitinib and
erlotinib.

A549 cells were transfected with all of siRNAs against GCN2 (30 pmol), PERK (30 pmol) and PKR (40
pmol), or control sSiRNA for 48 h. Cells were pre-treated with okadaic acid (1 pM) for 1 h before co-treatment
with gefitinib or erlotinib (10 uM) and okadaic acid (1 uM) for further 3 h. Whole-cell lysates were
analyzed by immunoblotting using antibodies specific for (B) phospho-elF2a, (C) GCN2, (D) PERK, (E)
PKR, (F) elF20 or B-actin. (A) Representative images of three independent experiments are shown.
Quantitative data are expressed as means + S.E.M. N.S. indicates insignificant differences between two
groups (one-way ANOVA with Tukey-Kramer’s test).
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Figure 11-4. Influence of (A) gefitinib and (B) erlotinib on PP1 activity.

Human recombinant PP1 (0.025 ng) and R110 substrate was incubated in the presence of gefitinib or
erlotinib (0.05-10 M) at 25°C for 10 min. The reaction products were detected with excitation/emission at
485/530 nm. Okadaic acid (1 M) was used as a positive control of inhibition. Data are expressed as

means + S.E.M.
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Figure 11-5. Effects of salubrinal on phospho-elF2a level in A549 cells treated with gefitinib and
erlotinib.

A549 cells were transfected with all of siRNAs against GCN2 (30 pmol), PERK (30 pmol) and PKR (40
pmol), or control SiRNA for 48 h. Cells were pre-treated with salubrinal (50 uM) for 3 h before co-treatment
with gefitinib or erlotinib (10 uM) and salubrinal (50 uM) for further 3 h. Whole-cell lysates were analyzed
by immunablotting using antibodies specific for (B) phospho-elF2a, (C) GCN2, (D) PERK, (E) PKR, (F)
elF2a or B-actin. (A) Representative images of three independent experiments are shown. Quantitative data
are expressed as means + S.E.M. Asterisks indicate significant differences between two groups (*; p < 0.05,
** p<0.01, ***; p < 0.001, one-way ANOVA with Tukey-Kramer’s test).
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Figure 11-6. Phospho-elF2a, levels in A549 cells treated with various drugs.

A549 cells were treated with various drugs (10 uM) for 3 h. Whole-cell lysates were analyzed by
immunoblotting using antibodies specific for (B and E) elF2a, (C and F) phospho-elF2a or B-actin. (Aand
D) Representative images of three independent experiments are shown. Quantitative data are expressed as
means + S.E.M. Asterisks indicate significant differences from DMSO group (*; p <0.05, **; p < 0.01, ***;
p <0.001, one-way ANOVA with Dunnett’s test).
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Figure 11-6. Continued.
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[1] 7

Gefitinib (& LC Laboratories & ¥ . Erlotinib hydrochloride (& Santa Cruz Biotechnology
L WA L7z, Tauroursodeoxycholic acid (TUDCA) i Sigma-Aldrich LV EEA L7=,
Hoechst33342 & 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
IZ Dojindo Laboratories J ¥ [l A L 7=, Tunicamycin |3 Wako Pure Chemicals & Y fEA L
72, Dulbecco’s modified Eagle’s medium (DMEM) . Roswell Park Memorial Institute 1640
Keih (RPMI1640) . U BsfEEZI%. Sigma-Aldrich L W BEA L7-, & Dfth iR,
TR AR b 2 VT,

[2] #Hitk

C/EBP homologous protein (CHOP) (#2895). cleaved caspase-3 (#9661). cyclin-D1

(#2926) . epidermal growth factor receptor (EGFR) (#2232) . eukaryotic initiation factor
2 asubunit (elF2a) (#9722). phospho-elF2a (Ser51) (#9721). proteinkinase R-like ER
kinase (PERK) (#3192) (Zxf4 % HiiAlZ Cell Signaling Technology L W A L7-, T
KDEL fc5HifA (ADI-SPA-827-F) | Enzo Life Sciences & ¥ . $T activating transcription
factor4 (ATF4) Hifk (sc-200) IZ SantaCruz Biotechnology J v i A L 7=, T p-actin HT
& (AC-15) 1 Sigma-Aldrich £ 0 A L7-,

[3] MLt & FILE
A549 il (ECACC, 86012804) |IfEJIERRFRbe JEEFRIE 1EKETHd%
£ V. PC-O NI H R BT PRSI B BERBIE L v 5 h L
TTEW 2, AS49 il 10% 7 T haiiiE (FBS) 47 DMEM T, PC-9 a3 10%
FBS %A RPMIL1640 T, 4241 10 cm Dish (ZH275 S HC 5% CO,, 37°C BRBE FIZ T
MERFES R LT,
FEEROBITIX, 24-well plate (MTT 38%) . 12-well plate (fa3E44) F 7213 6-well
plate (real-time PCR 33 X U western blotting) (2, A549 #fifid % 4.2 x 10* cells/cm?, PC-
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9 M4 1.6 x 10* cells/em? THEFE L 7=, W% Eie FBS RN E5 1% dimethylsulfoxide
(DMSO) #REEN 0.1%LLA T & 700 X o ICHEL L, #fE D 24 FFfE)#4 & 5V I3 siRNA &
A D 48 FFEIZ TR L@ LT,

[4] RNA FEELDE R

RNeasy Plus Mini Kit (Qiagen) % FV T, Ab49 HHfidn 5 total RNA Z i L7-, 15
5iL7- total RNA (20 pg) % §5% & LT High Capacity RNA-to-cDNA Kit (Applied
Biosystems) (2 & ¥ Wil G G247\, cDNA Z{E#L L 7=, StepOnePlus Real-Time PCR
System (Applied Biosystems) 35 & U8 TagMan Fast Advanced Master Mix (Applied
Biosystems) % VT, cDNA [Zx%f L CE &MY real-time PCR 1T o7z, UL T O&ERT-
26 DR 72 7 1 — 713 Applied Biosystems 7S L7, 18S rRNA I mRNA
FEEOMNIEREL LTHM L,

Binding immnoglobulin protein (BIP), Hs00607129 gH

CHOP, Hs00358796_g1

HMG-CoA reductase degradation 1 (HRD1), Hs00381211 m1
Parkinson juvenile disease protein 2 (PARK2), Hs01038325 _m1
Suppressor or enhancer of lin-12 1 (SEL1), Hs01071406_m1
18S rRNA, Hs99999901_s1

(5] % ™ BERBADEE

#ffd A 20 MM HEPES, 120 mM NaCl, 5mMEDTA. 1% Triton X-100, 10% Glycerol,
10mM NaF, 2mM NasVOs, 1% protease inhibitor cocktail (Nacalai Tesque) % &3 lysis
buffer (2 ¥ "[¥A L L. Bradford (25 Y y-globulin CIERR L7 EHRRND Z o3
BEZRD, 4 pgul ISR LTZ, S8BDOZ /78 % SDS-PAGE (2L 0458 L .
PVDF JEICHAS: L7z, 5% skim milk & TBS-T (&> T L7 v v ¥ 7 %175
T, —IRPUR L 4°C TBERIS S BTz, ZD#%, w8l Rk L 1IFFRRIS S &
7-%#. Luminata Crescendo (Millipore) & %\ % ECL select (GE Healthcare) % H>C
¥BNEHE L, Bon-EiiXimage Y7 b7 =7 (NIH) Z MW TNy RIgE
DOREZEATV, ENENDH /X7 EOREEITxIST 5 B-actin DOFREE THE L7,
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(6] fHlAaEEsE DM

ERAILE D> & Y 3R ETRGE 4 OMINEIZ 0.5 mg/mL MTT %2& 3 DMEM Z 4L L,
37°C T304 »Fa— |k LT, A RE%, Ak Shizmr~¥ o a3k%z Iml
® DMSO TIEfiE L, =D 95 200 uL & T 560 nm OEEZRIE LTZ, V77
L > AR 630 nm DU A 560 nm DOWEEEN S 2= L[z,

(7] HERISE DA

YRGS, b AT X D A FIAS L 1XPBS THEE L7, Trypan blue %:f4,
& HIRETHE AT B o Trypan Blue Stain 0.4%35 X OF Countess  (Invitrogen) % T4 7-
oo TRM—=VZABIORZ v — A LICHIBAOM X, Apoptotic/Necrotic/Healthy
Cells Detection Kit (PromoKine) %\ NTAT o 7z, IO FINEFIZNEY > Hoechst 33342,
FITC-Annexin V 5 X OY Ethidium Homodimer 1l % & ¢ 50 pL @ 1xBinding Buffer & 50
uL OHIFEREIR 2 (RS IR T 15451 % =2~X— [ L7212 1xBinding Buffer
TP L, dotA A—71F BZ-9000 (Keyence) Z HIVTHRfE L, Yett S izl
ZEHAI L7z, TR b= Al LR 7 v — v Al OF &IxZh L FITC-
AnnexinV & Ethidium Homodimer I11 ™fif % Hoechst 33342 O T3~ Z L2 L 0 R
L7z,

[8] EGFR IZXf9 % RNA T

A549 HIEOFEFED 24 FEE#1Z, 50 pmol @ Human EGFR [Z%]9% Stealth RNAI
siRNA (Life Technologies) % Lipofectamine RNAIMAX Transfection Reagent (Life
Technologies) Z FHV N THIAPIZEA L7, fat Bt & L T Stealth RNAI siRNA Negative
Control Low GC (Life Technologies) % fiv 7=, f#H L7z EGFR & BAYIZHHI4 5
SIRNA OFERIBELAINIL, L MORd@ Y TH 5,

EGFR-siRNA (HSS103116) :5’-CCTATGCCTTAGCAGTCTTATCTAA-3’

(9] #eatfigsT
ENTIC L 0 B BN EENZRT —Z 1% Mean + SEM. THEE L7z, HEHEITIX
GraphPad Prism 5 Z W\ C{T-o7-, ZHEHBMHREIL. — T ES ST D% Dunnett
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DE B 5T Tukey-Kramer ORUEZ1TVN, PEAY 0.05 L F CH LB EEAE & H
E LT,
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B E FEROE

[1] 7

Afatinib, Crizotinib, Dasatinib, Everolimus, Imatinib, Lapatinib Di-p-toluenesulfonate
salt, Nilotinib, Olaparib, Pazopanib, Regorafenib, Ruxolitinib, Sorafenib p-toluenesulfonate
salt, Sunitinib malate salt, Vemurafenib % LC Laboratories & Y f# A L7-, Axitinib,
Bosutinib, Salubrinal, Temsirolimus |3 Sigma-Aldrich X Y A L7z, Okadaic acid I
Calbiochem LV EA L7z, ZDOMORIEIL, F—F L RO LD, b L XA
b2 W2,

[2] Hutk
General control nonderepressible 2 (GCN2) (#3302) . protein kinase RNA-activated (PKR)
(#3072) Z%I9 2 HUiklE Cell Signaling Technology X VA L7-, PERK. elF2a.
phospho-elF2a. (Ser51) . B-actin (Zxf79 D HuiRILEE —FH L RO L DA LT,

[3] Hmfabss & SEWALE
AS549 HfR D EEFE & F DOULE 1T & AR D H1ETIT - 72,

[4] elF2a U > FRAERESRICHT9 % RNA T4

A549 MIIBDOFETED 24 KFEIZ, FBASFI2x9 % Stealth RNAI siRNA (Life
Technologies) % Lipofectamine RNAIMAX Transfection Reagent (Life Technologies) %
FWDCHIFEPNIZE N U7z, Pttt B & LT Stealth RNAI siRNA Negative Control Medium
GC (Life Technologies) % FV 7=, {4 L7= siRNA OIERELFIL, LLFIORT @Y T
b %,

GCN2-siRNA (HSS140746) :5-GCATAAGGTCCTGAGTGCATCTAAT-3’

PERK-siRNA (HSS190343) :5-CACCAGTAGCAAATCTTCTTCTGAA-3’
PKR-siRNA (HSS183404) : 5’>-CAGGTTTCTTCATGGAGGAACTTAA-3’
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[5] # v U ERBFOEE
B UNRTERBOEEITF —FELEFERICL TITo 7,

(6] itV > Eafb s DRl

WiV Eg{b &%, Human Recombinant Protein Phosphatase 1 (Millipore) 35 X OF
ProFluor Ser/Thr PPase Assay (Promega) Z H\WTaMii L7z, T 5ul OFE Ainic
Black-walled 96-well plate ™4 well {Z 20 uL. @ Phosphatase Solution 2 A#17-1%. 25 uL
DY ERALIRAED R110 Substrate 2 Nx, it U BALEUSDOBA%G & LTz, 22-25°C O
FPH T 10 231 > % 2 — k L7=%&. 25 uL O Protease Solution % )12 "C 90 434, 25°C
“C R110 Substrate D/ fif S iz 21T > 72, % D%, 25 uL @ Stabilizer Solution % /12T,
JhEC I & 485 nm, I R 530 nm I d1T D HORIREE A HIE Lz,

(7] HeatitT
WERHEHTIZ R —F L [ARRIC L TT o 7,
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ABFFEDONAIL, LLT D@ IR LI,

Gefitinib and Erlotinib Lead to Phosphorylation of Eukaryotic Initiation Factor 2 Alpha
Independent of Epidermal Growth Factor Receptor in A549 Cells.
PLoS One. 10: e0136176, 2015.

Mechanism of elF2a Phosphorylation Induced by Gefitinib and Erlotinib in A549 Cells.

Manuscript in preparation
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