2. B kg &

ThHHH, FEHEREEM I ARG RS 0720, ZhSEDRT
EEBWEIT) S LB L. Lo L, WRSERYE, EEREs &L R
WICHAERTHY, $1-20RBRRLRMTHLI2LY, BB 2
FUSt, PROFRZL L, BRNICEE2EREE5 2 L3 TES. L,
SURPRALE 2R TIER TR B RE 2 L5 5 EEREELIEE DB,

AR D &) \EFIBWASEETH ), WP, 58k R B P %,
BB - M D BB %, GRS, MR X 2 MikEE R 0%
AMREMRE L 2§ 5 MOREBLMER MBS £ 2RI 5 2 &5k
HThH5.

b .. FFREEEIC LD MEEDAE

BAEIGE E OB, E—ICBERE o T HERE S 2422
ETHB. LhL, RO TR L AR5 AR E 0 5
B 515 mTOR (mammalian target of rapamycin) FEHETIZ, H
BB DD ISR OB A, e 5RBEDTTTRE &\ 9 BESR DI MENiRE & &
BELRDTAVAY POBISIICHER SN TW L Z L3RBT 2RETH
B, RIZATOA FEESBDHITFTONL. WRAEE BT84 L, B
FEDRVIEBNC A L CIE A7 04 ROV ZABE R BB ICE BT X T
5. AT 04 FEOMRBALT 5406, GEIHELZHVLIEELH 5.
BEREDIPFRAR 2B T, BE ORI D A TS EOEISE 2 5.
72, A70A4 FEOBEM LT AUMBGE L Z 25N AREBICHT 28
VIFT AT AL BBMAEREDORADRE S TVEY, — 4T, %
MHREEZ BT 2 ENLBEELE L oM, EEHICB T 2 EBETF O
YHED LN TS Y [F 0 L o GE Fe/NIRMAE 5 e BT (P
) R RS, o],

c 4 BERICKLDMES

RO L) ICHEBEFNCEIAERDELLIR-TED, BHE L TR
T 5.
@ gefitinib, erlotinib= [1=A-5] 82 =558

gefitinib i& [ FAAEE T 7213 B R IR/ IGRE | 126k L T 2002 4 12K TR

B. 9T AEEOBERBINR
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FBIE HFEEARES B ANEOSEE

—

SN72EGFRF 1 ¥ YE¥F—YHELETHB. gefitinib DIEEEIZ D WT
A2 OREDTbNA, & I T/ NIRMRE S 212 513 2 gefitinib #%
FRUFES TORMMBEE - MRV EOHE ) 2 7 B OERAT % 5
HTBLODAR— T —2a v ba—L 2551 | RGO 20 W KA
% (4423H1) TUARI T4 TASF 4 THY, ELOMBIEL N7
SORBE, DHAT / FEFEIE/NFINLIHE B D gefitinib 4% 56112 515 2 1
HYEMB 8 (ILD) SIS DN T, MOILSRIERL 5B L DM 22 %
HEE L, ILDFAEIH S 5 bl T2 M+ 2, Qi FRF OHFT / FEFEIEN
IR HE B 2B 2 ILD DRERLZWET L L, 2 FELEMLE LT
frbne. IYBREEN YO, EES R (SNP) & DRI, EARHR
Y — 2 DTS D ERINITRET S W B85 1238 B B4 5 ¢ ILD
& FEHE L 72 B3, gefitinib BE 3.98%, 1t 0D 1k 2 95 12 BE 2.00% C & - 7-. @)
gefitinib i65%, QVUEREA, OB BTN 44, @I/ 8 o> ) 8]
SWiH 5 ILD RHE T TOHMA6 » ALK, GPS 28 F, ONcy Ty g
PMENZ & (50% LLF), @DE#R S5, @UMEZRDEPRELH LT v
AL, BILDREDFEMRET L LThF 5N7z. gefitinib D ILD FaE Y 2
70, L v X323 THY, 2 IR BB O F v X iz 38
&EVPO 7z,

ILD SEAERF DBIEHIL, gefitinib BE & (LB ERE & TIHIZFERE (Y 30%)
ThY, Q65U L, @BLE, OB O RE M 44, (OIEH Bl 5 4 R A
50% il (FBEHT D CT W§4 5 WaT), ©FEW% R B i1 R 4 b5 50% LI
(BFERTO CT Wit & Heat), PREOTFHAREFE L THIT BN F
7z, SEWEIRE & 2R - RN R OFBOMBOHEH Sh, EHO
LB RE L SRR - VRN 2 O BB & OBIEE IR B h o
72 Bl b, BHIRETOEMRBOMBAZIIA X 2 BEECIE 0 )
WCHERI X 5.

erlotinib (&, gefitinib & FAIZ /MBI 2 35 L TRV ATV S
EGFRF O v %5 —¥HREEKTHY, 2007 £ IZAKFR S M7=, erlotinib 12D
W Ve osge JeHRaNGRE e A RS RE (L) | L) e
W’ BUE L 2z 2WREI TN, BES3 8] O e B AT A RSB X T
W[5Vt g Fe/NKIBIGRE 4 e P B (EBIFRE) RIS R
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2. g E

B AR ) F BB, RAEZASENN S 7z 4662 Bl O EVERATRE R
5, ILDBEHZH3237 6 (5.08%) (2D BN, 209 LIRTHILE5HITH
D, 5 A SR E TOMMIL, gefitinib & Ak 4 BN DFEB AL
(159/237#1). Cox HINH— FEF V& AL EEMITICLY, OPS (2
~4), QBEREA, Q& E 2 BARE (FME MR EA, IhixEE i
COPD 4, Migkes ), OFFREE (G06A), ®©FF/NHRLRRE D% B2 B
HOP 5 BMAE TORIM (360 HoR), ©FKEIIN§ HHMAEL ¥ A ¥
BHZVEBICBEWT, ILDRERERVERICE O LB LZ. Bk
B3, erlotinib OMiFEZE 13 gefitinib & FHME, HEL L ITIFIZFAKDO D
DTHBHEEZLNT V.

ZOEHICoVCREMARFEBRIC L AFHEI DR, ILDKFER
SWHOmE Y — v d, KB FHRBEEZZ 5N T2 "faint
infiltration pattern/acute HP pattern” Z /R L72fEBID S B, #1/3205F#&
RETHoZ D2 bhoiz. 2O LD H "aint infiltration
pattern/acute HP pattern” ® & 5 R E{§/3% — » &, AR ILD DRHAH
RENTWVLREAL, OB Y — > &2RTILDORBEROEE L VSR
ELTWBEFEZ b7z L7295 T “faint infiltration pattern/acute HP
pattern” 252 bR 7=HAITIE, BI&HEE XA &2 X 2IERREVERE
BHRLETH 5.

@bortezomib= [T &A-10] 126 B2

bortezomib i3, [ 5 ¥ 7213 MR Y% Ve B B | 2% L 2006 4F 12 KRR
K775 7V —AHREETHBD, bOEICBT 5 MBEE;HRE Sh
729 41 & h 0k M BRIEAT A, ZERBH CHEBEAF CTH 2 THE
WA SN, BEREEAT 04 FEOHHANY A7 BAPRF & LTl
XhTwa 2. ZoRBEECOVWTRESEHMEZES TR S, UFA
VRGNS 2 D FFAE AR BRI (R S 7z, BNk % 280, LOEEK,
SO E A RIE T A /GO IRE & MEEOB/MEL & ORBIN
At R & B3 RERIASEED bhz (B122) (Nvr 4 FEIEFERT A4 F, 2006, ¥
Y7y — ). Wi SN B IR % 0 R R A R B R 2L BT T
i3, 52561 22 61 (4.19%) \= BVEYERG 25 / BiBE EASFB L, EEAIZ 115
(210%) T o7z [NV A4 FESHE 3mg HEHEFHE R (500512491 7 v

B. HFIZHARROBHERBIIE
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capillary leak syndrome 2
SUEBENEE L, REDMEFEZERD,
kKBS,

m bortezomib [C Kk D FfEE

(Miyakoshi S et al : Severe pulmonary complications in Japanese patients after bortezomib
treatment for refractory multiple myeloma. Blood 107 : 3492-3494, 2006 & 1 5 )

Ty ERWERHER), Yo7 7 —<].
®@imatinib= [TEA-4] 72 553

imatinib (&, M8 BYE A Mm%, KIT (CD117) Btk e A ER B &
UF Philadelphia #eta kit 2tk ) > 2 SERPE IS | 125 LT, 2005 4R 12 KGR
Eh/zber-abl BLUKITF 0¥ ¥ F—EHERTH LS, L AXRS
T 4 IR DM A RERINC 70 S 7z, HfE 28 F 3 F00 5,500 61T, 27 Bl
(049%) DB ERENRH Y, AHEFRICIHZHWCEM G2V,
imatinib IZ DWW TIZTHEHEN R 2L 2 L0 5, MBEEDOFEBHEE % tho
DTFEMEEECITT b 2PRELFANICHKT 2 LIETER . £
7z, BRI EEOWGT R, UFANMREE CHYTLEELZLN
LIEBNIRBD ST, ZDEHOMBEEDHFHEEZ SN D.
@ bevacizumab= [T ZA-1] 38 TSR

bevacizumab &, [{GEYIBRAEEZ 1T - BREORE - BERE] IS LT
2007 I ARE S NP VEGF & MEE 7 u—F Wik Th 5. HEfH
BARRE (EFHE) ORBEFRE SN TV L (TR F ¥V AiEEHER
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2. mEE

100mg/4mL, 400mg/16 mL ¢ 7€ ff FI BCREFR AL EHRE R, o). beva-
cizumab (ZHEH| T3  hoPifaiE L OPFHTHEHA SN S Z L5 5, beva-
cizumab ¥ CORiEEDOFE BRI OWTIIZOFEN S IAHTH 5
A5, PEREREOERAERT T, £3HI5602698 61+ 1041 (0.37%) IZILD
A5, 481 (015%) 2 ARDSASHEH L, £FPEETHY, 20 ) HLILDIE2
BIAS, ARDSIE 3BIAFETIZE - 72, 2009 4E 12 13 “F LRz % B < SR A B
% HEAT - R OIENIBLIRE N L THARB I, MBEEICBNT
X ILD DAHCHE S D I O RIERICOW T HFERSLETH 5.
®everolimus, temsirolimus= 1 A-11] 136 E5

sirolimus 7 /k T & 5 everolimus &, [RIGVERARE L 213 EBEOF
MIRaHE |\ LC20104E 1 BICARR S 72 mTORMAEHETH 5. everoli-
mus O BB 2 x5 & L7z HAR AN 1S6 % & ¢ 58 I AH E B 36 F R B
(RECORD-1#5#%) i, BIfEH & L TILD2%11.7% (32/274 1) I238 511,
FBRREETH L0, T EEREZ IR E L2ENSE THRARTIE
ILDA%151% (8/53%1) 128D 5N T WA (77 4 = b—VEEbmg EFE M A
YE¥a—TF—AEIR, NV T 4 AT 7 —<). sirolimus FEADE]
e & LCILD IZBEM D ES ThH 5. everolimus O ILD FEBAEEE (3o 3
H & L CEWEICH 5%, MEEEICERT A2 LY, HEELT
HIZEDPL R FEEHIRICIVEELAES 2L, AT 04 FEIIHT 5 RS
UHRRFTHLI LR EDOREEET 5. KRR TIERD Z &R
RORED B4 (Grade 1) [IFEGEBATRE L 72> TV 5 525, —
B 70 SEH Pk I B 1 203 A RS L 1322 5. everolimus #%5-FRIZILD
PEBALIGEOWE - (REFHE /IGFIESHIILD OFEREEICIL U TR S
NTBY, #7774 = b—=)VEIEEH YA F2 BB S 72w, everolimus
X BILD O CT Eff R (K23).

%3, JH T 5 temsirolimus (mTOR FHEIEDIEEEE) ERL AR S 1,
temsirolimus (2B W T H FHICILD OFBRIEBFLETH 5.
®FDMDD FIBATGAEE » [12A2] 478, [15A3]63528R

ZOf, %L O FRENEEEOMEHABRERE S SFHREL LTiTbh
TW5,

cetuximab i, [EGFR Ktk DB IR A RE 2 1T - BROKNE - EEHE]

B. S FEHARRORIERRR
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a : everolimus 25810 CT.

b ! everoimus & 5%, MEIFME (CT
DHSREETHRETDUFAM
ORBENMHIREL, J\EERED
EEBRDD.

c! AT 0OA FREIRS5R EPHICE
BRI ELC

P everolimus [C K BRTEE

R LT, 2008 4R 12 ARGE S 7zt N EGFRE/ 70—+ WHAETH D,
[7—¥% v 27 ZAEFHE 100 mg fEHBERE (SFRE) | BEETTH 5.
TR £ AT R (it 5 BEE 3436 ) CTiX16HID ILD ¥k S 1,
EPIHEETHY), 20 BABIPHETICE->TVD. THDE D
P L OBER T IR L TV A%, cetuximab HAHZ 512 X 5B 260D
BENTVD (T—Y ¥ v 7 AEFHR 100 mg TTHRE AR A BIWVEMERHRR
s, AV ku— ).

162
86



2. MBS

m WERTTETEE (LPIFEE) BCH1) EAMRBEORRRR

I BEERIL SIS | sgmm
- 4,662 5 237 =
erlatinib (BEZEREHEH) (5.08) i
. 525 {5l 22 ;
bortezomib (BE=EIRES ) (4.19) SR EEEE
3,436 5l 16
cetuximab (ﬁi?ﬁE?ﬁ?HE(C@Sﬁ%;ﬁE@ﬁﬁ (0.47) N7
. 2,010l 5 e =
sorafenib (2 (0.25) iRy
. 2698 f 10 o
bevacizumab | (geremmp e em) (0.37) N
664 5
sunitinib (MIRERREICDITDHTEER (0.30) BiaE
) :

A VITNEERBRTIFBAEPOPEMECH D, EEAELHER TROHTIC
KOEEUED.

sorafenib &, [HRIGYIRANEE T 72 13 8n 8 vk 0 BHRI B R |« L C 2008 4
WK, RO TIIRETBRARE T 2 3B o FMiafE] o3 LT
2009 4EICHKRR E N7z VT F F — EHEIE TH 5. sorafenib T, [F 74
o= VB R AR B ARAS (SR ) AER S Tl Y, 20084F 12 AK
BERICB VT, %5 Sh/2201060%, 5EIOILD & Sh, 20952
BIDFETEIZE - T D (R 7 N— VBB A A F - FFRaEsm, 1 =
VRS, sorafenib |2 X A ILD (Z£BIAMAKE > TB Y, FEOLFRT
BB D 5.

sunitinib 3 [ 4 < F = 7P O HALE B EEE 72 & IR BT BRARE
F 72 SRR O BRI | 12K LT 2008 IS RKBE SNz VT FF—EH
EHCHDH. [A—F ¥ M H 7LV 125 mg e R AL BeplRiL
LTEBEN TS, HREHAEEE GEEMEmBEE6644) T3, 261
DILDDHE SN, 209 L 1IBANETICE - T 5B (A—7 v MHRER
R ROBAILE, 77 4% —).

B, SFRENER SN T A5 TR EREICB 5 EH ME
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Paracrine Factors of Multipotent Stromal Cells
Ameliorate Lung Injury in an Elastase-induced

Emphysema Model

Ahmed M Katsha'?, Shinya Ohkouchi', Hong Xin%3, Masahiko Kanehira'2, Ruowen Sun'#,

Toshihiro Nukiwa' and Yasuo Saijo*

Department of Respiratory Medicine, Graduate School of Medicine, Tohoku University, Sendai, Japan; ?Department of Molecular Medicine,
Graduate School of Medicine, Tohoku University, Sendai, Japan; }JR Sendai Hospital, Sendai, Japan; *Department of Medical Oncology,

Graduate School of Medicine, Hirosaki University, Hirosaki, Japan

Multipotent stromal cells (MSCs) ameliorate several types
of lung injury. The differentiation of MSCs into specific
cells at the injury site has been considered as the impor-
tant process in the MSC effect. However, although MSCs
reduce destruction in an elastase-induced lung emphysema
model, MSC differentiation is relatively rare, suggesting
that MSC differentiation into specific cells does not ade-
quately explain the recuperation observed. Humoral
factors secreted by MSCs may also play an important role
in ameliorating emphysema. To confirm this hypothesis,
emphysema was induced in the lungs of C57BL/6 mice by
intratracheal elastase injection 14 days before intratracheal
MSC or phosphate-buffered saline (PBS) administration.
Thereafter, lungs were collected at several time points and
evaluated. Our results showed that MSCs reduced the
destruction in elastase-induced emphysema. Furthermore,
double immunofluorescence staining revealed infrequent
MSC engraftment and differentiation into epithelial cells.
Real-time PCR showed increased levels of hepatocyte
growth factor (HGF) and epidermal growth factor (EGF).
Real-time PCR and western blotting showed enhanced
production of secretory leukocyte protease inhibitor (SLPI)
in the lung. In-vitro coculture studies confirmed the in vivo
observations. Our findings suggest that paracrine factors
derived from MSCs is the main mechanism for the protec-
tion of lung tissues from elastase injury.

Received 15 January 2010; accepted 16 August 2010; published online
14 September 2010. doi:10.1038/m1.2010.192

INTRODUCTION

Lung emphy is a smoking-related disease. Its pathological
changes are defined as the permanent enlargement of airspaces
distal to the terminal bronchioles, accompanied by destruction of
their walls but without obvious fibrosis.! The course of this disease
is irreversible, and there is currently no treatment that is effec-
tive in decreasing its destructive effects.? Consequently, innova-
tive treatments should be investigated. Multipotent stromal cells

(MSCs) have the capability of differentiating into various cell types,
including endothelial cells, epithelial cells, adipocytes, and osteo-
cytes.® Systemic administration of MSC is potentially simple and
provides a direct therapeutic option for pulmonary diseases.’ Many
studies have shown the engraftment capabilities of MSCs in lungs**
and the ability of these cells to differentiate into type I and type IT
epithelial cells, endothelial cells, and fibroblasts.” This engraft-
ment can result from the systemic injection of allogeneic MSCs*
or autologous MSCs.® Despite the low rates of engraftment,’ the
administration of these cells can decrease the intensity of damage
caused to the lung by lipopolysaccharides,® elastase,® bleomycin,"®
naphthalene," and asbestos." These observations suggest that the
mechanisms by which MSCs protect the lung might not only be via
their ability to engraft and differentiate but also by other mecha-
nisms. Previously, it has been shown that MSCs can release several
types of cytokines, hormones, and growth factors to protect various
tissues; these include hepatocyte growth factor (HGF),"” epidermal
growth factor (EGF)," and others.'>'¢ In general, MSCs secrete
soluble factors that are thought to play a significant role in tissue
repair rather than transdifferentiation.”” We hypothesized that the
intratracheal administration of MSCs into lung tissue affected by

lastase-induced emphy would 1i the severity of the
disease via their differentiation into various cells required for heal-
ing at the sites of injury. MSCs significantly reduced damage in
the alveoli and were engrafted at injury sites; however, they disap-
peared from the lung tissue within a few weeks. Since, we found few
differentiated MSCs in the lung tissues, we hypothesized that other
factors, such as humoral factors, secreted by the MSCs may play an
important role in ameliorating tissue damage caused by emphy-
sema. We therefore evaluated the levels of HGF, EGF, secretory
leukocyte protease inhibitor (SLPI), and interleukin-1f (IL-1p) in
the lung tissues following MSC admini

ration.

RESULTS

Phenotype and differentiation of MSCs

To confirm that the cells used in our experiments were enriched
with MSCs, we examined the cell surface markers. Flow cyto-
metric analysis showed that surface marker expression of these

Correspondence: Shinya Ohkouchi, Department of Respiratory Medicine, Graduate School of Medicine, Tohoku University, 1-1 Seiryo-machi, Aoba-ku,
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**P<0.01

*P<0.05
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= Elastase + MSC

Figure 1 MSCs reduced elastase-induced emphysema. (a) The timeline of experiments. Mice were intratracheally injected with elastase 14 days

before intratracheal injection with 5 x

10° MSCs, mouse fibroblasts (BLKCL4), or PBS. Mice were sacrificed at days1,2,3,4,5,6,7, 14, and 21 as
ol -

shown (n = 25/group). (b) ical findings (h:

and eosin with MSCs reduced the elastase-induced

P )-
emphysema, whereas BLKCL4 (fibroblast cell line) did not reduce these changes. Original magpnification x200. Bars = 50 pm. (c) The mean linear

intercepts (Lm) for normal, elastase + PBS-, elastase + BLKCL4-,

and elastase + MSC-treated groups. MSCs reduced the emphysematous changes;

however, BLKCL4 did not. (d) MSCs restored the lung structure as assayed using the destructive index “DI” compared to normal, elastase + PBS-, and
elastase + BLKCL4-treated groups. DI, destructive index; MSC, multipotent stromal cell; PBS, phosphate-buffered saline.

Table 1 A summary of the bers of detected GFP* MSCs in lungs

histol 1

ical

d cells, D d cells,
Lung average per group  average per group (AQP5%)
Day injury (30 fields/mouse) (30 fields/mouse)
7 Yes 20 4
7 No 1 0
14 Yes 10 0
14 No 0 0
21 Yes 4 0
21 No 0 0

Abbreviations: AQPS, aquaporin 5; GFP, green flucrescent protein; MSC, multipotent
stromal cell.
n =25 mice/group.

cells was: CD105* (90.3%), CD73* (88.9%) CD90* (92.0%),
CD45~ (7%), and CD11b™ (6%) (Supplementary Figure Sla).
Furthermore, the MSCs used in the present study d their

For g mice were sacrificed at days 7, 14, and
21 (Figure 1a). Histological analysis showed that MSCs preserved
the alveolar structure of mouse lungs, whereas BLKCL4 and PBS
failed to preserve the structure (Figure 1b). Furthermore, the
mean linear intercept “Lm” values*'® and destructive index'® were
measured to evaluate the severity of emphysematous changes.
MSCs reduced the Lm; however, BLKCLA failed to reduce the Lm
compared with the elastase + PBS group (Figure 1c). Consistently,
MSCs reduced the destructive index compared with the elastase +
BLKCL4 group (Figure 1d). These results suggest that MSCs are
able to ameliorate elastase-induced emphysematous changes.

GFP* MSCs engrafted in the injury sites but most
MSCs did not differentiate into specific lung
epithelial cells

To identify the possible mechanism by which MSCs could

differentiation capability. MSCs cultured at passage five read-
ily differentiated into adipocytes when incubated in adipogenic

i e medium and differentiated into blasts follow-
ing suppl of the medium with g induction
medium (Supplementary Figure S1b).

Intratracheal injection of MSCs reduced the
development of elastase-induced emphysema

In order to understand the effect of injecting MSCs into lungs with
elastase-induced emphysema, elastase was administrated into the
trachea of mice. After 14 days, the mice were randomly assigned to
receive intratracheal injections of MSCs, BLKCL4 (lung fibroblast
cell line; negative control), or phosphate-buffered saline (PBS).

Molecular Therapy vol. 19 no. 1 jan. 2011
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li the emphy changes, we performed immuno-
histochemical analysis for green fluorescent protein-positive
(GFP*) MSC cells following the same protocol as described above
(Figure 1a). GFP* MSCs were detected after 7 days (Table 1 and
Figure 2a). Furthermore, GFP* MSCs were detectable at days
14 and 21 but with decreased frequency (Table 1). To evaluate
whether these MSCs had merely engrafted or had differenti-
ated into epithelial cells, double i fl ence staining
was performed. We presumed that the MSCs would differentiate
into epithelial cells and accordingly d for the p of
epithelial cell markers, such as alveolar epithelial type 1 marker
aquaporin 5, on these cells. Previous studies have shown that the
contribution of adult bone marrow-derived cells in the restoration
of cystic fibrosis-affected lung epithelium is low (0.025-0.01%).'
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AQPS Merged

Allin day 7
a,b, d: x200
©: x400

AQPS Merged

Figure 2 MSCs engrafted and differentiated into specific cells in the lung. (a) GFP* MSCs engrafted in the lung. Arrows indicate GFP* MSCs
(shown at day 7; Original magpnification x200). (b) An MSC cell showed staining for two markers. Inmunofluorescence staining at day 7 indicates a
differentiated cell. Anti-GFP (green), anti-AQP5 (red), and merged (yellow). Original magpnification x200. (c) x-z confocal imaging of the cell shown
in ¢. Original magnification x400. (d) Immunofluorescence staining at day 7 shows that most MSCs had not differentiated because they continued
to exhibit native green fluorescence only. White arrows show undifferentiated cells, blue dashed arrow show a differentiated cell. The proportions
are shown in Table 1. Anti-GFP (green), anti-AQP5 (red), and merged (yellow) Original magnification x200. The nuclei were stained with DAPI.

AQPS5, aquaporin 5; GFP, green fluorescent protein; MSC, multipotent stromal cell.

Our results showed that at day 7 only a small proportion of the
injected cells positively expressed aquaporin 5 (Table 1 and
Figure 2b). We confirmed the engraftment and differentiation
of these cells by confocal microscopy (Figure 2c). We found no
GFP* MSCs that expressed another alveolar epithelial type 1
marker, podoplanin.® Neither could we detect the alveolar type
2 cell marker, pro-surfactant protein C (data not shown). Many
of the GFP* MSCs did not differentiate into specific lung cells
because they did not show double-positive staining and only their
native green fluorescence was expressed (Figure 2d). Notably, the
numbers of GFP*-stained cells were also lower on days 14 and 21,
similar to the results of immunohistochemical staining; we could
find no double-positive cells after day 7 (Table 1). These data sug-
gest that the ability of MSCs to engraft and differentiate does not
adequately explain the amelioration of emphysematous injuries.

Proinflammatory cytokine IL-1B level was reduced

in bronchoalveolar lavage fluid and at total lung
mRNA levels in response to MSCs induction

In order to identify other possible mechanisms by which MSCs exert
their effects, we first assayed the levels of the inflammatory cytokine
IL-1B in the lung. IL-1p is responsible for distal airspace enlarge-
ment that is consistent with emphysema,” and it has been shown
that the severity of elastase-induced emphysema is decreased in
IL-1p knockout mice.” Recently, it was shown that the development
of elastase-induced emph depends mainly on infl
activation by IL-1p via the IL-1R1/MyD88 signaling pathway.*
Furthermore, it has been reported that MSCs inhibit the produc-
tion of inflammatory cytokines such as IL-13.* In our study, the
levels of IL-1f in the bronchoalveolar lavage fluid decreased gradu-
ally after MSCs injection compared with levels in the nontreated
groups (Figure 3a). The same pattern was noticed in the wild-type
group that received PBS only without elastase. This was confirmed
by real-time PCR for total lung mRNA, which showed significant
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Figure 3 Inflammatory factor (IL-1B) was decreased in lungs treated
by intratracheal administration of MSCs. (a) IL-1B concentration in BALF
was measured by ELISA. IL-1B concentration was decreased to the normal
levels of the WT groups compared to the elastase + PBS group. (b) Real-
time PCR shows a significant decrease in mRNA levels of IL-1B in the MSC-
treated groups. Representative data of the first week is shown. Levels
of 1L-1B were not changed during the first week. AQPS, aquaporin 5;
BALF, bronchoalveolar lavage fluid; ELISA, enzyme-linked immunosorbent
assay; GFP, green fluorescent protein; IL-1, interleukin-1p; WT, wild-type.

differences in the IL-1p mRNA levels between the treated and both
nontreated and wild-type groups (Figure 3b).

Injection of MSCs resulted in upregulation

of growth factors and ameliorated alveolar

damage in elastase-induced emphysema

To identify the possible factors produced or induced by the MSCs
that affect emphysematous lungs, we assayed HGF levels. HGF
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Figure 4 Growth factors (HGF, EGF) and protection factor for epithe-
lial cells (SLPI; secretory leukocyte protein inhibitor) were increased
in lungs treated by intratracheal administration of MSCs. (a) mRNA
levels of HGF were increased in the MSC-treated group. (b) mRNA levels
of EGF were increased in the MSC-treated group. (€) Western blotting
of whole lung extracts shows increased expression of SLPI in the treated
mice compared with the nontreated mice. (d) The SLPI bands were fur-
ther analyzed by densitometry in comparison with the bands of B-actin.
(e) mRNA levels of SLPI were significantly increased in the MSCs-treated
groups at days 1 and 3 and slightly higher at day 5. Representative
data of the first week is shown as levels of SLPI were not changed dra-
matically during the first 5 days; however, it was downregulated there-
after. EGF, epidermal growth factor; HGF, hepatocyte growth factor;
MSC, multipotent stromal cell; PBS, phosphate-buffered saline.
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is known for its effects in repairing the destruction occurring
in emphysematous lungs induced by elastase injection.”” Our
analysis showed a gradual increase in HGF mRNA levels in MSC-
treated lungs beginning from day 3 through day 4 peaked at day 5
and decreased thereafter (Figure 4a). Analyses for other growth
factors also showed that EGF mRNA levels were significantly
greater than baseline values starting from day 2 through day 3, but
were decreased starting from day 4 (Figure 4b). EGF influences
the proliferation of many structural cells, including fibroblasts
and airway smooth muscle cells, as well as the turnover of matrix
proteins.”® EGF is also known for its effect on SLPL;* therefore, we
examined the levels of SLPI protein in the lung. SLPI is respon-
sible for protecting local tissues against inflammation and acts by
inhibiting proteases such as elastase.” Furthermore, it has been
suggested that SLPI can protect lungs against the development of

phy even in a-1-antitrypsin-defi dividuals.> Our
results showed that SLPI expression in treated lungs was signifi-
cantly increased at both the protein and mRNA levels on days 1
and 3 (Figure 4c-e) in concert with EGF levels, but it was down-
regulated on days 5 and 7. Although EGF is known to induce SLPI
in other systems, we found SLPI peaked at days 1 and 3 whereas
EGF peaked at day 3. It is more likely that induction of SLPI is
mediated by other factors.

ient i

Increased production of IL-1RA, HGF, and EGF

by MSCs in coculture with the murine lung epithelial
cell line MLE-12

In order to confirm the above results, we conducted experiments
using a Transwell coculture system (Figure 5a). The murine
lung epithelial MLE-12 cell line was used as an in vitro model, as
described previously.? We confirmed that elastase at a concentra-
tion of 0.01 U/ml does not affect the viability of MSCs or MLE-
12 cells as determined by of lactate-dehydrog
activity (LDH Cytotoxicity Assay; Supplementary Figure $2a,b).
Furthermore, we confirmed that MSCs do not produce HGF or
EGF when cultured with elastase (Supplementary Figure S2c,d).
HGF and EGF mRNA levels in MSCs at 72 hours of coculture were
significantly increased in the presence of MLE- 12 cells with elastase
(Figure 5b,c). To confirm that SLPI production was increased in
concert with an increase in the levels of EGE the complementary
DNA of MLE-12 cells was amplified after 72 hours of coculture.
SLPI mRNA of MLE-12 was notably higher in cells when elastase
and MSCs were both present in the coculture system, whereas
no increase in SLPI mRNA was observed in the presence of only
elastase or MSCs in compare to coculturing well with elastase
(Figure 5d). However, in both MSCs and MLE-12 cells, the levels
of HGF, EGFE, and SLPI were returned near to the baseline level
after 120 hours of coculture (data not shown). MSCs have been
reported to produce IL-1 receptor antagonist (IL-1RA),* and
it was recently reported that IL-1RA diminishes acute elastase-
induced emphysema by blocking IL-1.** We therefore examined
IL-1RA levels after 72 and 120 hours (Figure 5¢) and found that
MSCs produced IL-1RA. We confirmed that such production was
not caused by elastase (Supplementary Figure S2e). To confirm
that MLE-12 produced IL-1p in vitro, we assayed the IL-1B levels in
MLE-12 culture medium. Our data showed that MLE-12 produced
IL-1B when elastase exists in the culture medium with or without
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Figure 5 mRNA levels of HGF, EGF, and IL-1RA from MSCs were upregulated when cocultured with the mouse lung epithelial cell line
MLE-12. (a) In the coculture experiments, MSCs were seeded at 1 x 10*/cm? in the upper chamber. MLE-12 cells were seeded at 1 x 10*/cm? in the
lower chamber with or without 0.01 U/ml of elastase. Secreted proteins, but not cells, are able to pass through the membrane (pore size, 0.4 pm).
(b) The HGF mRNA level of MSCs was increased in the coculture with MLE-12 cells. (c) The EGF mRNA level of MSCs was increased in the cocul-
ture with MLE-12 cells. (d) The SLPI mRNA level of MLE-12 cells was increased in the coculture with MSCs. (e) The IL-1RA mRNA level of MSC was

increased in the coculture with MLE-12 cells. cDNA, ¢

y DNA; EGF, ep

| growth factor; HGF, hepatocyte growth factor; IL-1RA, IL-1
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MSCs at days 3 and 5. However, IL-1p levels where undetectable in
the absence of elastase with or without MSCs coculturing at days 3
and 5 (Supplementary Figure $3). This result suggests that MSCs
can block the harmful action of IL-1p in our model.

Knocking down EGF in MSCs lowers SLPI production
and recombinant EGF induces SLPI production

in MLE-12 cells

In order to confirm that EGF from MSCs stimulates SLPI produc-
tion in MLE-12 cells, we used the small interfering RNA (siRNA)
knockdown technique to decrease EGF levels in MSCs. First, we
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examined whether siRNA could significantly affect EGF production
at 72 hours ¢ d with the production in negative controls
(Figure 6a). Next, we used the coculture system described earlier
(Figure 5a) with siRNA probes. Real-time analysis showed that SLPI
production by MLE-12 cells decreased in the presence of elastase in
the coculture system using MSCs with siRNA knockdown of EGF
(Figure 6b). To further confirm this relationship, we investigated
whether recombinant mouse EGF (tEGF) would enhance SLPI pro-
duction when added to MLE-12 cells in culture. The results showed
that SLPI mRNA levels were significantly increased at various con-
centrations of rEGE. SLPI mRNA levels were increased at 20 pg/ml
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factors rather than by engraftment in the lung tissue. Briefly, we
consider that the effects of MSCs are exerted through the inhi-
bition of IL-1p produced in vivo mainly by macrophage and by
epithelial cells in our in vitro model. The upregulation of HGF
and EGF in MSCs-treated animals promotes the repair of inju-
ries, whereas the increase in SLPI production protects the lung
tissue from the damaging effects of proteases. Our study showed
that MSCs can ameliorate elastase-induced emphysema even
when they are introduced after 14 days of injury; further, they
can decrease the destruction of the alveolar structure in damaged
lungs. Our study also showed that this effect of MSCs is mediated
through paracrine mechanisms.

Elastase has been widely used as a pathogenic factor to induce

t changes in lungs of several animals. Studies using
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Figure 6 SLPI was decreased when EGF was knocked down in MSCs
by siRNA. (a) siRNA knocked down EGF production in MSCs. (b) When
MLE-12 cells were cocultured with MSCs transfected with siRNA against
EGF or negative control, with or without elastase, the SLPI production
of MLE-12 cells was decreased only in the case of MSCs transfected
with siRNA against EGF and cultured with elastase. (c) Adding various
concentrations of recombinant EGF (fEGF) to the culture medium con-
taining elastase resulted in an increased production of SLPI in MLE-12
cells. Such increase was not noticed when rEGF or elastase alone were
exist in the culture medium as assayed by real time PCR. EGF, epidermal
growth factor; MSC, multipotent stromal cell; siRNA, small interfering
RN; SLPI, secretory leukocyte protein inhibitor.

of rEGE, peaked at 40 pg/ml, and then progressively decreased at
60, 80, and 100 pg/ml (Figure 6¢). However, elastase alone or rEGF

d alone in the medium at a concentration of 50 pg/ml did
not enhance the production of SLPI (Figure 6c). These data con-

lhls model are recent and repeatable.***%6 Elastase causes massive
degradation of the extracellular matrix and tissue cells, releasing a
broad variety of degradation products and inflammatory media-
tors.** In our study, we detected MSC engraftment even at 3 weeks
after administration, but found that only a few MSCs had differ-
entiated into alveolar type 1 cells using aquaporin 5 as a marker.
Furthermore, we found no cells positive for podoplanin (type 1) or
pro-surfactant protein C (type 2) (data not shown). Although with
the aid of confocal microscopy we were able to confirm that certain
MSCs had differentiated into alveolar cells, it is unclear whether
this alone would be sufficient to cause the observed effects. A
number of studies have already reported that MSCs’ effect is a
paracrine-mediated fashion. This was the case in several types of
organs’ injuries like myocardial infarction,'s bleomycin,* neona-
tal lung injury,*** sepsis, and endotoxin-induced lung injury.-*
Our study is the ﬁrst report to show this mechamsm to be the
main h it d

‘We observed mcreased levels of HGF EGE, and SLPIin the treated
animals in response to MSC injection, and the release of HGF
and EGF from MSC in in vitro experiments. Furthermore, our
study presents that SLPI production is induced in epithelial cells
in vitro by EGF released from MSCs. The siRNA experiments and
the administration of rEGF confirmed this in vitro novel relation-
ship between SLPI and MSC-released EGF. Several reports showed
MSCs' effect by assaying the levels of proinflammatory cytokines
like “IL-1p, IL-6, tumor necrosis factor-a, interferon-y” and anti-
inflammatory cytokines such as “IL-1RA and IL-107%*%% Qther
studies focused on certain growth factor like keratinocyte growth
factor® and only limited studies provided hypothesis of how a
MSCs’ product like p landin E, will upregul: ti-infl
matory cytokine IL-10.3 In our study, we are focusing on growth
factors like HGF and EGF among other candidates rather than
just the downregulation of IL-1p levels. Furthermore, our in vitro
experiments showed that such factors might upregulate other fac-
tors like SLPL. SLPI protects the lung from the tissue degradation
caused by proteases. However, the exact mechanism of this effect in
lungs is poorly understood. It has been suggested that SLPI works

ing elast:

firm the novel effect of MSCs in inducing SLPI production through
the release of EGF in the MLE-12 epithelial cell line.

DISCUSSION

dadiuced

in par hip with a-1 inhibitor (the major serum
inhibitor of neutrophil elastase) to control the destructive activity
of elastase." Investigations of the role of SLPI in wound healing
and lung cancer suggest that it targets various proteins, such as

Our ﬁndmgs suggest thal MSCs liorate elast:
gh the release of soluble humoral

Py 3

Molecular Therapy vo. 19 no. 1 jan. 2011

95

ithelin, tumor factor-a, monocyte chemoattractant

P

protein-1, and IL-6.” This indicates the multiple effects and
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complicated mechanism of SLPI in healing and protection against
proteases. Considering that only a few cells engrafted and differen-
tiated, this indicates that the production of such cytokines might
not have been derived mainly from these cells; as such levels were
not sustainable for >5 days after introducing MSCs. This could also
explain the transient increase of these factors. In this context, it
has been shown previously that there is similar variation in the
levels of some anti-inflammatory cytokines after MSC injection
at different time points.’ Moreover, the time differential in the
decreases of HGF and EGF levels suggest that the MSCs in vivo
act as sub-populations that respond differently rather than as a
homologous group of cells. One possible mechanism by which
the MSCs mediate damaged tissue recovery is the “touch and go”
mechanism,* i.e., through rapid migration to the damaged organ
and subsequent clearance g the release of stress-induced
therapeutic molecules.® Our data support this mechanism and
further suggest that the time necessary for this mechanism to oper-
ate is 3-5 days, which is possibly the life span of MSCs after injec-
tion. In general, the results of our study and other studies suggest
two interesting points: (i) that there is a combination of factors*
that involved in MSCs effect in each case which means a complex
network of factors and cytokines integrated together at multilevels
and (ii) although several reports sh g the anti-infl

£
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flushed out with culture medium. The cells were cultured in low-glucose
Dulbeccos modified Eagle’s medium (Gibco-BRL, Carlsbad, CA) contain-
ing 10% fetal bovine serum (certified for MSC culture; Gibco-BRL) along
with 50 U/ml penicillin and 50 pg/ml streptomycin (Gibco-BRL). After 72
hours, nonadherent cells were removed, and fresh medium was added. At
70-80% confluence, the cells were expanded and used after five passages.

The induction of emphysema in lung tissues and sample collection. Lung
emphysema was induced by intratracheal injection of 0.01 (U/g body mass)
porcine pancreas elastase (Sigma-Aldrich, St Louis, MO) as described pre-
viously” using a Microsprayer (Penn-Century, Philadelphia, PA). After
14 days, mice were randomly selected for i heal injection of MSCs,
GFP* MSCs, BLKCLA4, or PBS. The cells were injected at a concentration of 5
% 10°in 200 I PBS. The groups used for histological analyses received MSCs,
BLKCLA, or PBS, whereas those used for immunohistological and immuno-
histochemical analyses received MSCs, GFP* MSCs, or PBS. The mice were
sacrificed at days 7, 14, and 21. To check the engraftment of MSCs in mice
without lung injury, normal mice received an injection of GFP* MSCs (5 x
105 cells i in 200 |.|l PBS). These xmce were used a negative control group in
1 and i hemical analyses. For molecul:
assays,mxcemtheMSCandPBSgroupsweresacnﬁcedaldzys 1,2,3,4,5
6,7, 14, and 21 after MSC injection. Lung protein and RNA were extraction
as described in the Suppl Y ials and Method:

Coculture experiments. Cells of the MLE-12 lung epithelial cell line (1 x
10*/cm?) with or without elastase (0.01 U/ml) were cultured in the lower

y
effect of MSCs is an IL-1RA- and IL-10-dependent effect, how-
ever, the other factors and cytokines are varying depending on the
type of injury. In other words, there is no universal set of factors
and cytokines to be released/induced by MSCs in all cases. Other
studies used MSCs as vector for cell-based gene therapies showed
that the efficiency of the treatment was enhanced in comparison
to MSCs not transfected with any certain gene.*>* This further
confirms that the paracrine mechanism is the main mechanism of
MSCs. Further investigations are needed to elucidate the fate of
the administered MSCs; whether they undergo apoptosis and/or
acquire the properties of various cells was not considered in the
present study. Furthermore, the long-term effects of the engrafted
undifferentiated cells in lung tissue need to be clarified. Although
our results suggest a clear mechanism for the observed effects of
MSCs, it is possible that these effects occur via multiple mecha-
nisms, including engraftment and differentiation.

In conclusion, we consider that MSCs protect lung tissues
from injuries via paracrine mechanisms, including increased levels
of HGE, EGF, and SLPI and decreased levels of IL-1p. Thus, the
administration of MSCs may be a promising therapeutnc approach
for treating emphy and other pul yd

MATERIALS AND METHODS
Detalled descnpuous of the following procedures can be found in the
PP ls and Methods: mice and cell culture, the
induction of ", g di ion, histological analysis, protein
and RNA isolation, real-time PCR and reverse transcription-PCR,
bronchoalveolar lavage fluid collection and IL-1p measurement using
ELISA, i fl ence and i western blotting, and
cytotoxicity assay.

Isolation of mouse MSCs and culture. The isolation of MSCs was per-
formed as we reported previously.”#* Briefly, the bone marrow of the
femurs of 6-8-week-old C57BL/6 or C57BL/6 GFP-transgenic mice
(kindly provided by Dr M. Okabe, Osaka University, Osaka, Japan) was
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hambers of a 6-well Transwell system (Corning #2450, New York) with or
without MSCs (1 x 10*/cm?), which were cultured in the upper chambers
for 3 and 5 days. The membrane between the upper and lower chambers,
(pore size 0.4 pm) is impermeable to cells but permeable to humoral factors.
The media were collected and cell RNAs were extracted. The samples were
then assayed using real-time PCR and RT-PCR.

SIRNA experiments. For silencing experiments, we used siRNA against
EGF (Silencer Predesigned siRNA; Ambion, Austin, TX) and nega-
tive control (Silencer FAM-labeled negative control#1 siRNA; Ambion).
siRNA transfection was carried out using a commercial kit (siPORT Neo
FX; Ambion). The knockdown of EGF in MSCs was confirmed after 24,
48, and 72 hours by real-time PCR. Subsequently, MLE-12 and MSCs con-
taining siRNA were cultured in Transwell plates as described above. The
SLPI and EGF production of these cells was assayed at 72 hours after the
start of using real-time PCR. The following probe was used to
knockdown the EGF: sense, CGGGAAGCAUCAUCGA AUALt; antisense,
UAUUCGAUGAUGCUUCCCGet.

Statistical analysis. All values are expressed as the mean + SD. Differences
between the groups were evaluated using a two-tailed unpaired Student’s
t-test with Sigmaplot version 11 (Hulinks, Tokyo, Japan). P < 0.05 was
considered significant.

SUPPLEMENTARY MATERIAL

Figure $1. Phenotype and differentiation of MSCs.

Figure $2. Elastase showed no effect on viability or inducing cytokine
production on MSCs and MLE-12.

Figure $3. IL-1B levels in MLE-12 culture medium.

Materials and Methods.
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ABSTRACT

BACKGROUND

Non-small-cell lung cancer with sensitive mutations of the epidermal growth factor
receptor (EGFR) is highly responsive to EGFR tyrosine kinase inhibitors such as ge-
fitinib, but little is known about how its efficacy and safety profile compares with
that of standard chemotherapy.

METHODS

We randomly assigned 230 patients with metastatic, non-small-cell lung cancer
and EGER mutations who had not previously received chemotherapy to receive gefi-
tinib or carboplatin—paclitaxel. The primary end point was progression-free survival;
secondary end points included overall survival, response rate, and toxic effects.

RESULTS

In the planned interim analysis of data for the first 200 patients, progression-free
survival was significantly longer in the gefitinib group than in the standard-chemo-
therapy group (hazard ratio for death or disease progression with gefitinib, 0.36;
P<0.001), resulting in early termination of the study. The gefitinib group had a
significantly longer median progression-free survival (10.8 months, vs. 5.4 months
in the chemotherapy group; hazard ratio, 0.30; 95% confidence interval, 0.22 to
0.41; P<0.001), as well as a higher response rate (73.7% vs. 30.7%, P<0.001). The
median overall survival was 30.5 months in the gefitinib group and 23.6 months in
the chemotherapy group (P=0.31). The most common adverse events in the gefitinib
group were rash (71.1%) and elevated aminotransferase levels (55.3%), and in the
chemotherapy group, neutropenia (77.0%), anemia (64.6%), appetite loss (56.6%),
and sensory neuropathy (54.9%). One patient receiving gefitinib died from intersti-
tial lung disease.

CONCLUSIONS

First-line gefitinib for patients with advanced non-small-cell lung cancer who were
selected on the basis of EGER mutations improved progression-free survival, with
acceptable toxicity, as compared with standard chemotherapy. (UMIN-CTR number,
C000000376.)
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GEFITINIB OR CHEMOTHERAPY FOR NON-SMALL-CELL LUNG CANCER

ON-SMALL-CELL LUNG CANCER IS A
Nmajor cause of death from cancer. The

use of cytotoxic chemotherapy is associ-
ated with a response rate of 20 to 35% and a me-
dian survival time of 10 to 12 months among
patients with advanced non-small-cell lung can-
cer.»? Gefitinib is an orally administered tyrosine
kinase inhibitor of the epidermal growth factor
receptor (EGFR). In two phase 2 studies of patients
with previously treated non—-small-cell lung can-
cer, the response rate was 9 to 19%.3* In subse-
quent phase 3 trials, the noninferiority of gefi-
tinib as compared with docetaxel with respect to
overall survival was shown in one study (hazard
ratio, 1.02)° but not another (hazard ratio, 1.12).6
Meanwhile, demographic and clinical factors such
as Asian race, female sex, nonsmoking status, and
adenocarcinoma were shown to be predictive of
the efficacy of gefitinib, warranting a large com-
parative trial (First Line Iressa vs. Carboplatin/
Paclitaxel in Asia [IPASS]; ClinicalTrials.gov num-
ber, NCT00322452) in which patients were select-
ed in accordance with these factors.”

In May 2004, two pivotal studies showed that
the presence of somatic mutations in the kinase
domain of EGFR strongly correlates with increased
responsiveness to EGFR tyrosine kinase inhibitors
in patients with non-small-cell lung cancer.®? It
was later found that subgroups of patients with
non-small-cell lung cancer who had sensitivity
to gefitinib had a high incidence of EGFR muta-
tions. In Japan, 30% or more of patients with
mutated-EGFR non-small-cell lung cancer are
male or have a history of smoking.1°* Therefore,
we hypothesized that selecting patients on the
basis of EGFR mutations rather than clinical fac-
tors would result in a population with a greater
sensitivity to gefitinib.

Our previous prospective, phase 2 studies of
gefitinib therapy in patients with advanced non-
small-cell lung cancer and EGFR mutations'*+
revealed a response rate of more than 70% and
progression-free survival of 9 to 10 months. We
also developed a rapid, sensitive method for de-
tecting sensitive EGFR mutations: the peptide
nucleic acid—locked nucleic acid (PNA-LNA) poly-
merase-chain-reaction (PCR) clamp method.*> We
then undertook a phase 3 study comparing gefi-
tinib and standard carboplatin—paclitaxel chemo-
therapy in patients who had advanced non-small-
cell lung cancer with sensitive EGFR mutations and
who had not previously received chemotherapy.

METHODS

PATIENT POPULATION

This multicenter, randomized, phase 3 trial was
approved by the institutional review board of each
participating center. Eligibility criteria included the
presence of advanced non-small-cell lung cancer
harboring sensitive EGFR mutations, the absence
of the resistant EGFR mutation T790M (in which
threonine at amino acid 790 is substituted by me-
thionine), no history of chemotherapy, and an age
of 75 years or younger (because a benefit of a plat-
inum-based regimen in patients >75 years of age
is not established). Table 1 in the Supplementary
Appendix (available with the full text of this ar-
ticle at NEJM.org) lists the detailed eligibility and
exclusion criteria. The authors attest to the fidel-
ity of the article to the full protocol and statisti-
cal-analysis plan.

DETECTION OF EGFR MUTATIONS
Cytologic or histologic specimens were examined
for EGFR mutations by means of the PNA-LNA
PCR clamp method. Briefly, genomic DNA frag-
ments containing mutation hot spots of the EGFR
gene were amplified with the use of a PCR assay
in the presence of a peptide nucleic acid clamp
primer synthesized from a peptide nucleic acid with
a wild-type sequence. This method results in pref-
erential amplification of the mutant sequence,
which is then detected by a fluorescent primer
that incorporates locked nucleic acids to increase
the specificity. As a result, a mutant EGFR sequence
is detected in specimens that contain 100 to 1000
excess copies of wild-type EGFR sequence. The sen-
sitivity and specificity of the PNA-LNA PCR clamp
method are 97% and 100%, respectively.15:1¢

STUDY DESIGN AND TREATMENT

Before randomization, patients were stratified ac-
cording to sex, clinical stage of non-small-cell lung
cancer (IIIB, IV, or postoperative relapse), and in-
stitution. Eligible patients were randomly assigned
to receive either gefitinib (at a dose of 250 mg per
day orally) or standard chemotherapy. The stan-
dard chemotherapy consisted of paclitaxel (at a
dose of 200 mg per square meter of body-surface
area, given intravenously over a 3-hour period) and
carboplatin (at a dose equivalent to an area under
the concentration-time curve [AUC] of 6, given
intravenously over a 1-hour period), both admin-
istered on the first day of every 3-week cycle. The
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carboplatin dose in milligrams was calculated by
means of the Calvert formula (AUC x [the calcu-
lated creatinine clearance in milliliters per min-
ute+25]; www.freekinetics.com/auccalcl.htm). The
glomerular filtration rate was estimated accord-
ing to the Cockcroft-Gault method ([140—age in
years] x [actual weight in kilograms] +[72 xserum
creatinine level in milligrams per deciliter {x 0.85
in women}]). Chemotherapy was continued for at
least three cycles. Gefitinib was administered un-
til disease progression, development of intolera-
ble toxic effects, or withdrawal of consent.

CLINICAL ASSESSMENTS

Assessments made before enrollment are sum-
marized in Table 2 in the Supplementary Appen-
dix. Assessment of the tumor for a response to
treatment was performed by means of computed
tomography (CT) every 2 months. Unidirectional
measurements were adopted on the basis of the
Response Evaluation Criteria in Solid Tumors
(RECIST, version 1.0).17 Progression-free survival
was evaluated for the period from the date of ran-
domization to the date when disease progression
was first observed or death occurred. Treatment
response and progression-free survival were de-
termined by external review of the CT films by
experts who were not aware of the treatment as-
signments. Overall survival was evaluated for the
period from the date of randomization to the date
of death. Toxic effects were assessed according
to the National Cancer Institute Common Termi-
nology Criteria (NCI-CTC, version 3.0; http://ctep
.cancer.gov/protocolDevelopment/electronic_
applicatibnsldocslctcaev?a.pdﬂ.

STATISTICAL ANALYSIS

The primary end point was progression-free sur-
vival, as a measure of the superiority of gefitinib
over carboplatin—paclitaxel. From our previous
data, we hypothesized that the progression-free
survival with gefitinib was 9.7 months; from the
results of the Iressa NSCLC Trial Assessing Com-
bination Treatment (INTACT),*® we hypothesized
that the progression-free survival with standard
chemotherapy was 6.7 months. We estimated that
a total of 230 events would be needed for the study
to have a power of 80% to confirm the superior-
ity of gefitinib over standard chemotherapy, with
the use of a log-rank test and a two-sided signifi-
cance level of 5%. Setting the duration of enroll-
ment to 2 years with a minimum follow-up peri-
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od of 6 months, we initially planned to enroll 320
patients.

Kaplan-Meier survival curves were drawn for
progression-free survival and were compared by
means of a log-rank test. Hazard ratios (and 95%
confidence intervals) were calculated with the use
of a Cox proportional-hazards analysis. Prespeci-
fied adjustment factors included sex and clinical
stage.

Secondary end points included overall survival,
response rate, time to the deterioration of per-
formance status (Eastern Cooperative Oncology
Group [ECOG] performance status score of >3,
capability of only limited self-care, or confinement
to a bed or chair for >50% of waking hours?),
and toxic effects. Overall survival and the time to
ECOG performance status score of 3 or more were
analyzed in the same way as progression-free sur-
vival. The response rate and rate of toxic effects
were compared between the two groups with
Fisher’s exact test and the Wilcoxon test, respec-
tively. Bach analysis was performed with the use
of a two-sided, 5% significance level and a 95%
confidence interval by means of SAS for Windows
software (release 9.1, SAS Institute).

One interim analysis was planned to analyze
the primary end point (significance level, P=0.003).
The Lan-DeMets method was used to adjust for
multiple comparisons. The O’Brien—Fleming type
alpha-spending function was also used.

RESULTS

PATIENT CHARACTERISTICS
The study was begun in March 2006. The pre-
planned interim analysis was performed 4 months
after the 200th patient was enrolled (May 2009);
it showed a significant difference in progression-
free survival between the two treatment groups
(P<0.001), and the independent data and safety
monitoring committee recommended termination
of the study. Therefore, the study was stopped at
the end of May 2009.2°

In total, 230 patients were enrolled from 43
institutions in Japan (Fig. 1). Half (115 patients)
were randomly assigned to receive gefitinib and
half to receive carboplatin—paclitaxel. Two patients
were excluded because they were found to be in-
eligible. In the chemotherapy group, 1 patient was
not evaluated for safety, owing to lack of receipt of
the study drugs, and 3 others were excluded from
the analysis of progression-free survival.
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