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Abstract

Objectives

Lung cancers harboring epider mal growt h f act
devel op resi $taoksiennaesoe H GRTKiIItsgr.s T(hEeGRR or e
sought to establisftacteéemni ecn@lulsye meldeVv antt ol
remi ssion of cancers.

Materials and Met hods

We previously establicianlted tmoa ster anushgadnrsi ch alr |
EGFR exon 21 L858R substitution (hLR) and |
the C57BL/6J background. Lung tumors from
transplanted subcouanmemuskeyornC87BARLBOC Mi c e
Resal t

The tanatnesdplt umors developed the ability to
peritoneum, or |l ung of C57BL/6J mice. While

mi ce carrying the transgeneg,pemBEL7 BtLU ndalr smi ccce

tumors mBEGR®Rapaeedency, andl,KIt hguesf,i ttime b E GmhH
tumor growth; however, similar to human | un
resistance in 60 and 200 days, respectively

EGFR T790MnmutLaRt itounmoir s and secondary Egfr
tumors devel oped; however, no MET activat:i
gener at tTAKd BGHERmer ti ni b ef foreecdii svted ryt i thihmdri ¢ ¢
Further mowre,aingd ftiutmormisb devel oped resistance
Conclusi on

These synganeec Imonge models harboring EGFI



studyi ngr etshestdarncgg mechani sms and the rol e
Furthertiovesiit@pa these mouse model-=s IS wa

generation treatment strategies for |l ung ca

Key warcdsired resi st a\rscCd,C,E®GRBR meuttatniidns ,tr .

I ntroducti on

Di scovery of mutcatgieomns amd velri ni cal develo
mol edwlrgret ed i nhibitors have Hedihe- thel ap
cancer [ Hélant npeantti enstnsa Wi tcheldnon ung moamncer (
frequentlnutdcadeti @ntsedare activating mutation
receptof 6 BGERNSECb&GIFmRgt ati on®sneepfesdrt mo:
critical subgroups of cancer in clinical p
EGFRut ati ons, -lEIGF&Rs & yirolsiT Klesdr ar eEGBGFBhl y ef f
druwugsi stance inevitabl yl&emardlidigsT h ent @ fhoer & u n
achieve deeper and | onger remission, an alt
cancers EGFnmRud aitm@ns.

To develop highly effecTKivesitgteamantmenlti rsit a al
have been widely examined and multiple resi
such asdBG@EBERVIOOM mut ati on, MET amplificati

ERBB2 amplification, BRAF mutation[[t*land trs



16] Based on t reessee at € A n ssltguedni eersa t i-BKIt, EIGF ®R
osimertinib, was devel oped anHIGFa&Rp/®rOaWw ed f
mutati on. Subsequ®drtdlsy deseveaemalcabenah al s v
exampltei,nigbefor osimertinib combined with
capmatinib showed a beneficial effeet in | u
TKI[s*I79] Mor eover, we developed two combi n:

bevaci zumab or afat2an, bdDlted bdbeveabezwvmahbl t :

studies conduccatnecde r u s¢iedt Cld li tngest i vel vy, t hese
i ndicate that a transl ational study is cri
clinairecalt ment strategi es, and, therefore, |

rel evamnandeurngmodel s.
Currentl gommbe moets used i nl ipmassdd nmacdd | ss
established wancgrhemamhEDGEME@tsa thiaarbsoramdg x en

l uegncer models developed using-numMmumo adef i C

[ 8, 22Ho%é)Mer, in these models, it is chal/l
the tumors, the tumor microemdvitrfonanean , EGRF
mut an‘t ahemg mouse model exhibiting nor mal i
A few research groups, including our s, hav

cancer mouse models by wusing C578Mj/266 mi ce
28] By usctcalgl Cdacmaet ory protein (GCYPYP pr o me
C) promoter, mut ant EGFR wasorsetlyemge i vVlel gl ec
cells in these mouse-smadalbsp;a gdems e caudeemtolcya,r
devel oped spontaneousl y i n -Ttkhles |suunpgpsr ecsfs etdh

growth of the tumors.-cdoowernw emodedhme slmu mMmipal s kb



cancer only to certain extent: the tumors i
which i1s i n contrast to the concurrent, uni
Therefore, with these model s,i nge smoslteacnuclear
targeting aegcehnetcsk poori nit mmubrgdelaidti d rys ,v ad a drad te d .
devel op more clicmincalrl ywywousleewmandte!|Isumdpan t ho
we established wcawelr sywagseegldd@Rusahaobsri

and al so deVkil epiesdtcdaBtkcRIrunngouse model s.

Materi aMes tsomd

Al l otranspl antation of mouse |l ung adenocarc
Lung adenocarcinoma cell s wer e ecsotlalbelcitsehde df
i n our [2dbhjor2dther yr ansgenikEGHR858 R asrubbosrt ihtuunte
(hLR C57BL/BJgérdm meleé¢i on ( mDEL @EH5dBbt 6&3) .
iI's used here to drive the expressianhvebl &ah:q
cells (Figure S1A, C), and these mice sporl
(Figure S18B, Dp. sAmpi @esi mat ¢éluywgl t hBetrl0 wer e
medi um -A1Sd gimah , St . Loui s, MO, usaAa)l and

susmpsi ons by wusing a Tumor Di ssBerigitsom Ki
Gl adbach, -Westtmhh aRhiijan,e &ed mamgn red bl ood ce

from the suspensions by wusing the Red Bl ooo

adenocmaccell s were resuspended in 1 mL of
(Corning, New Yor k, NY, USA) , and 0.2 mL o
injected into the back of athymic mice (pl

Yok ohama, Jtahpeant)umowhsent hat f or med bé&c,ame suf



tywere dissected in a similar manner and se
and this cycle of passaging was continued.
the Ani mal UGar eCoami tt ee, Okayama URniversit
2017472Me) . humane endpoint00Ll@d42ddee fw maetdo caosl
foll oehoeer inmesnt be di scontinued I mmedi atelyy
must be eut hysnufzfeedr whnetnoltehreabl e pabaondysuch a
wei ghombosesst hamred% asedi fitododdrdiwnagt etrhe exper i

procedur e.

Syngiecnelcamger mouse model s

Female C57BL/6J mice were purchlapad, f it om. (
(YokohamaAl Damange. were provided sterilized
in a barmaiemt &aanc-eadi irdltyt i o nuerde2 PoBFMA Er wt t h cons
humidndegr -la 112gH2/ dar k cyaoeg .g )Adiearocaged nwan
athymic mice were-ceil $dsocuisptesardsi iomtso asi nglse r

section (with the tumor volume depéermei ng on

adenocarcinoma) , and after cragmownioma rcedl BI
resuspended I n a 1:1 mi xtur e of PBS and
adenocaceliihomaspensions were injected subct

sides) of C57BL/6J mice. When generRating t
cell s, rejection was avoided by injecting
harboring the hLR mutation. When the averag
mnt, the mice were randomly assigned to gr ot

vehicle, gefitinib (50 mg/kg/day), or osi me



were administietveedesnper daiek¥x, by galvage. Tu
|l ength/ 2) was determined periodically.
The adenocar ci noma stuesdp@mstioonshewdrad lalvsed ni r

of C57BL/ 6J mi ereettacs tgaesn esimadtra plle@s g ® nrmad e | s .

Direct sequencing of EGFR gene

Genomic DNA was isolated from tumors by us
Venl o, Net hdeirnlga ntdos )t haec cmanuf acturer 6s proto
mut ation detection was perfBGmBXMEMmIspognt hes
mutati on: ICAGWMICGECAA/LGGCGGCAT\GAACTever se,
CCAGACATCACTCTGGTB@GGT AKrg énkoduts edel et i on: forw
TTGGCACAGTGTATAAGB@AGTCTCT reverse, -

CATCACATAGGCTTCGT-BAAGGATT

RNA was extracted from cells using an RNe:
manufacturer 6s protocol , and c¢cDNA was syn
transcriptase (lnvitrogen, Carlsbad, CA, US

was perfor med usi ng t BE&EER X@MLI mefrosrrwaf diy E
GGCACGGTGTATAAGEGACTEETSECTGATTCTBQATGGT
for mMmogexe: f odTVEGICACAGSTGCGTATAASGGTCTRRO er s e,

GGCCAGCCCAAAATGBOGGTGA

| mmunohi stochemistry
Formaked, -pmbatfigaed tissue blocks generatec

were sectionedemt aandt htihcek nseescst ioofns5 wer e pl a



deparafyni-bed (FALMAMoTokyo, Japan) and gr a

retrieval, sections were incubated in 10 mn
i n a 95AC water bat h, after whi ch the sec
perdoexiin methanol to block endogenous per o)

with TBS conta20,j ngn@®.tlbhe Toveenhi ons were bl o
60 min. Subsequently, the -BGER i amtsi-ObBxedy (i C
SantranzCBi otechnol ogy, Dal | as, Tex,hnb$Sdgyor
Danver s, MAPRCUSAYX | bodAb¢am@ambhebi,dge-antUiK)

CD&l pma i body AbachaniCa3d4 jodvee ,nilpk)t at 4AC, an
EnVision+ alsglsée@mprondgmaedi sh -paebbkt daasreti bBoi
(DakoCytomati on, Gl ostrup, Denmar k) for z

counterstained with hematoxylin.

Western blotting khinWaseceERTKY awyrapine

Mi ce were exposed to drug ¢t FPiemtsnemnd,s avhce nt 1
tissue was <collected at 4 h after drug adn
nitrogen. The frozen tiprsasesnwarbkdpieatdvéorzaed

in |l ysis butlf0eOr, [0L9% 9@ r9I D SHHCEX0 (mmHo 7/ 14)Tr il 0

NacCl , 1 mmol /L EDTA, 1lbgnimpt ée LoOEGpAops pBamepl
NaF, 1 mmol / L so-doomaionmitAdngnhwpba tl @R eecthab!| et s
Applied Sciences, Mannheim, Germany)]. The
for 30 min at 4AC. Proteins were electroph
transferred onto nitrocellul ose utemecaeds,

using Enhanced Chemiluminescence Plus (GE |



USA) ; anti bodies against the following ta
Technol og¥EGFRhQ&#BRG7) , EGFR ( #AXKZI3 2 ,# 92771195 5
AKT 2A#2), EREKsEW®101), ERK (#9102),- and GA
MET anti body was purchased f r oR KAbArarma y( akbi5tl
(R&D Systems, Mi nneapol i s, MN, USA) was Uus
i nstructions. eBdettecard dsi s AWeOr0D |i meageQu g &t

Heal t hcare Biosciences).

Resul ts

Mouse l ung tum&EGF Rmua mboowinsg coul d be engt
Ssubcutaneous tissue, peritoneum, and |l ung o
We previously gener at ee atnvece rs tnroavisres nmfd etl rsa |
hLR or mDEL; multiple lung tumor sardewvellloped
in the bilateral lungs of these mous-e model
D] 25, Jd26] establi-shnegngmoese modgl s; we tre
tumor cells from these mice into other mice
transplanted into the ypebccCbht7aBne bbalw emtiécses u e h
tumors coul d be engrafted ,oaancde,t heaygwitihde n

C57BL/ 6J mice bearing the mDEL tumors died

were detected in any of the organs (e.g.,

engrafted #Hmnytpee C5WeBrL/ Wl dne ¢we rtirdalnspé ant ed

the mice died. However, the handling was c¢c
for | ong term maintenance. Therefor e, we n

into athymic mice. The engraifzeds ftamoa sf ena i



and then started to grow slowly in the athy

an adequate size for passage at 4 and 10 n

mMDEL adenocarcinomas, respestirveael yy Botamsp)
onto the back of other athymic mice, and af
capacity for being transplanted serially

| mmunohi stochemical staini sgeddabild r mEEBR t ha
(Figur)e, l1laBnd Ddi rect selgGEMwWt antgi aroan fvieadrmee dp rt ens
the tumors)(FSgbseqgli@&rstt eyd, wheetrheer t hese tu
on the bacykpeofC5wWiBILd 6J mi ce. The mDEL t umo
engrafted, and approximately 4 weeks | ater
transplantation-tgpeo GEF &l Bagc kc oonft rvaisitd t he
were rejetyee &€b7®LI EGJ mice, althoédglhe i nt
successfully engrafted onto and could grow
mi c e (whi ch EGFR85 8RR umatRpoen) i ve l ymphoc
infiltrated t hwei tmgpEelL CQ5u7nBoLr/s6 Ji nmi ce and hLR
C57BL/ 6Bimga c®1LE, F

Next, we injected the hLR and mDEL tumor s
for tumor growth; as expected based on the
cells grew in thegpperCiS5t7BrLd 6@ imn 6@&i lmdhde hLR
respectived,y) H MMlegal s oShssessed whether the
the capacity for hematogenowwediess @amiecatidon
the tail-tye@ien CbS7Bui/6d mice: compuatl edl t dmdgi
these tumor cell s f or metdhemulitligtler are.tlawsn @s i

However, in macroscopic and microscopic exa



in the |l iver or other organsf. shhruge neviec nkEGH
mut anicalneeg mouse models: a subcutaneous t
t umor model , and a metastatic | ung tumor

moroglhogi cal featames SCUBG.gDres 1B, D

Effect -90K$4 E&GFRengrafted | ung tumor s

We next assessed whether the growth of en
EGFR signaling, and we obsTeKlv egde f iatsi ne xbp e(c5t0e
5 days/ week p.o.) mar kedl vy i nhi bited the
subcut ameoumndteum (Figure 2A, C). We- al so t«
TKI , afatinib (10 mg/ kg, 5 days/ week p.o.),
strongly inhibited tumor growth in the mDEL
bl ot ttimegr frueveal ed that gefitinib treatment
hLR and mDEL t-denpesdemt amammrser (Figure 2B,
TKI effect was-mastasesaedsi model ubg using mD
admi ni st rwaeteikosn sfuwbrst2zanti ally inhibited the
tumors, but the tumors regrew quickly, by 2
(Figure S2B). Collectively, these results ¢

hLR andt umdErL cel |l s still depended on EGFR s

Gefittiesilst ant mouse | HEGERUUmMDIren®arboring
To i nvest i glKitee stitseda albh@FER mechani sm and devel
strategies for EGiFrdqRut ahcens, hwebaeoiuvmgdt to

TK-tesi st-aamnc drummgo ckenlgy afted hLR or mDEL tum



nude amdceadmini stered gefitinib (50 mg/ kg,

acquir-edsids\iegnaceelc qui r ed ameaisnicseteaBnsc et umor S

under the wirttlat mealtdmedcnlgovsedlset @ar t i ng tumor Vv
Gefitneatbment effectively inhibited the tum
200 days, respectivel vy, after initiation o
tumorsundgrewhe gefitinib treatment (Figure
The gerfeistiisnmhabnts twer e next transplanted int
tumors were treated with gefitinib for 2 v
mai ntained after the transpl ant arte inst aArst e
tumors retwg esdstamce: dorreat ment with gefi:t
p.o.) did not inhibit the growth of the re
the drug treatment effectively suppressed t
MDEL tumomRd®B,(E)gurdetriguingly, direet seque
resistant tumor s had d e vreel soi psetda n c leth @muctaal tliyc
gef i-texii bt ant hLR tumor EGHRRTDOMed c .a2 35669cConl
mut ation andeéesheaengemMDELNnitlumor segf@awbatred a

(c.2375C>T) mut ation (Figure 3C, F) ; direc
strand revealed the same mut atibDingiatsali nP QR e
detected EGFR L858 R acned |EGQFtRheda?taiNdAM ¢ r o Imo o d

athymic micebrhseatr antgu ngéderRsg tt )y o tSdb | vy, neithe
hLR nor the mDEL parental tumors harbored t
3C, F) . Furtbeemexprequeidmeof MET protein

phosphoryl ation was detected in the resista



Efficacy of osi mestismish amowamudiogefitinib

Lastl vy, we evaluated thgerdrfa€ERokdtéfEGC s mer
gef i-texii bt ant tumor s; osimertinib has been
harboring a sEGRR/AOrMW nmriedAitEtocmat cor dance wi't
on human | ung cancer s, osimertinib (5 mg/ k
the gefeististnialmt h L RE G RIR8r8sSRT & o muhgti ons, b
t umor growth was not suppressed by gefitir
further showed that osimertinib (5 mg/kg) i
downstream signaling prot erienssi sAKaTnta nhdL RE RKu
vivo, whereas gefitinib (5 or 50 mg/kg) did
in these tumors (Figure 4B). Similarly, 0Si
vivo growthmeoef sgeni t mDEh Eg emaelm®s dhea rebtoroinn ga
T7921 mutation, but gefitinib exerted | imit
whereas osimertinib (5 mg/kg) inhibited the
i n gerfedinti dnt MmDEL t umoorrs 5i0n mugi/vkog,) goenfliyt it
suppressed the phosphoryl ation of-arhagye pr
anal yses revealed that no RTK other-than EC
resistant t umoApsp r(oFiigmwartealfSt3eCt,0 OFQdsd yn2tr it omi o f
admi ni str at i-roens i stthaentgehfldi® s ng tbagef mDELRI b umor
under the osi the gty RiBlEdt tirheed i me-né s ns bant t umc
di ddepeowel op EGFR C797S mutation.

Di scussi on

To achieve deep remission and cure for p a



eration treatment strategies must be dev
cer mouse BGHRUtsathiaomrbygusing I mmunoco
e ; these models present three clinicall
ilved from type 11 alveolar cell s of i mmi
wth depends on EGFR signdKisg amd $hews u

el op sec &GFRu y atERPGBFRY O Mt (¢c. EJHFIICHT) or

(c 2375 C>T)] after chronic exposure to ge
of gerfedi st &nt | ung cancers inc&e€bmLIE&EI micC
models closely reflect the[29inB@R!| <course

A few research groups have previb@ERY est
mutati ons, but our mice offer certain advarl
t he gternancs mi ce generated by other groups, r
for the Tet system, but thi ¢$ 258&] fonsildercas
the toxicity3adfourrtraaysgemiec mice are mor
mouse modetlesr nh otrunhocorngpassage or assessment

Addi tiematthsstotamaouer | modgel s are the foll ow
enabl e the generation of di verse metastasi
met astasi s, peritoneal met astasi s, and mul 1
met ast alssi si smocdrei t i c al because tumor responsce
according to thea2sS8®dmd, nehessd alsurmsg tumor s
on tissues i n i mmunoWe mpen teinemnfedd 2B Lla/td Jo nmiod ¢
positivesiymphe(CHKiuggwrresR&EeE&ENLt IFY, the interac
tumor cells and then¢lumdirngnicameavi assasmena:

tumor associ ahtaesd bneaecr opphhaawgre t o be rel ated t



tol ef&Ac¢ce JTthlerefor e, our model s coul d serve
i nvestigating the function of the -TKinmo.r mi c
Stromal cell s or i mmuner ecsel§ltEtQeiegrhct el ay a
t umor mi croenvirommemdatehttaltad atriepe e®merhdt men
furekphdodrdeertddtbumor mi cr o drhde¢ v ® Inangmegsnitisrtoafn c e
t @TGF-RKI eameurrent !l y delvkell orpetsugsdEaGFtR n C5 7 BL /
mi ce

A few | imitations of this study are the f
similarities and differ enceccso nbseitdikereer®l8ini c e

Moreover;camgerer|l mog el s did not acquire spon

the introduced genetic aberrati @ umihg hat be
pheno[ty8&,e 39] metastatic | ung tumoree are se
through injection via the tail vein, t he t
have also attempted to establish mouse canc

conditions, but this efAfddri tt veemlsa dhwtot yetl alb e
hotwumors acquired th&€5aBLVIBUOYy M oegadbwwest abk
athymic mice. Some genet it nomu n®miegqe rce tt iyc ma
pr oduceoedimmumg. RURt hecmomudirede ,engryafi ed hbRI

C57BL/ 6J but not i n ;wi lch s ttCO@dBILLG 6 He mi c
engrafted in wild Tlhygpeh Chay BLEGEBR egre®t eidn ¢
I mmunogeni c effects owi Itdh et yipnemu @ 20/nBsLy/ s6tJe mm
expl anatibins foutcome might be that the hLR
tol eadinacman EGFR L &%&R prpreataitn i si ttbheeiirr | un

j uv eyneialres



Anot her ' i mitation iIischhat smeofdebhequéededn

Politi et alEGHKmRwptoatteedd mohuaste ilnung cancer dev

pr

omoter, mul tiple resistanceEQGkeR7h9%0OnNM s ms v

mutation, MET amplifi[cdaOt]M&dT, aahdVvERASNmMwBaat

i n our model s, and sever als plottenhbheiang edkipd tain

the previous results. First, the CCSP pron

therefore the tumor devel op€dpfomomt EF awasc e

i n our model s, and thus theedadluaror cseldlev.el B¢

eclinical tedudy dbswgd or schedul e can

resi gsiteavyred @pment mejfcéhhpnpWhsemse aisn Pvoiltirtoi et al

l otinib (25 mg/ kg, 5 days/ week for 4 week

eat edwiotulr gne fcieti ni b (50 mg/ kg, 5 days/ wee

The modified treat ment ssettan e nwa cghaonupsdosd uac

oms gehntatbhmo ni t oge mgt iogi c hanrgemodel s.

n conclusiod, sywegemnsdikibhe E6FRananhcdrunmouse

model s. Al tThKdu gthr eGFHRe n t iI's standard care f

har b @&GiFiRgt ati ons, deep remissi on -coancceurr e i

model s provide aimgwt ileab ftooll megifyeonat t,s doredrygs | St ¢

cell s, t he mechani s-mssiodatnale stehleo umedretr | o/fi ndyr

tumor microenvironment ; further investigat:i

devel opgdemge maetxiton treatment strategies for
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