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[HBE] BR588 BAFJE (Osimertinib ) J&:3¢ FH X fH 254 #)5 (Food and Drug Administration, FDA )
SV T8 R i A KK 321 ( epidermal growth factor receptor, EGFR ) -T790MZ7% (1) e AT /N filifg ( non-small
cell lung cancer, NSCLC ) fBEIZ5H), FIZHTFATEGFRT790MAGIN AU 58 35 IR JR i AL 5t Fes sl A 585 0 1 A T 2H 21
TG R Osimertinib{fY 7, ASHIFSY Ay BERE ML Hh 7 A 3 FI EGFR-T790MIH 25 5 AHOCHE 11, i R FH 25 $ A1
B AHESE B TEAREEGFR-T79OMIN 2 5L A OC A 1, SAIRIR 2GS bR B, 55k AWFTENA D i S S wge L0t it
FaR 360, TR IERIGITHLUGRH, HTARMS 5 1 EGFR-T790MZE A5 20 J.35 1814], JEEGFR-T790MZE 7%
21845, WCARTI 24 SR I L SR R RIS, ZE AR I AR X AL ] 7 S b e 25 -6 — AR ORH €33 R I T 35 26 1 2 2 B i e
SEGFRT79OMIRZGAHOCHE o G5 it 17M 227 PEEE 1, SEGFRT790MIEEN /BRI LS H6M, THEN11
i, FESSIMEYAR, 7RAINEE S, 2680 TUIRE ;s SRR PR 2R A, i e R R U
FIIREE N IURRAE . 518 K I FEGFRT790MIZiHCH H 17, 22 5EE M IR A R Tt EGFR-
T790MIMi 245 AL AE AR W)

[ k8217 ] MemlEe: s EGFRT790M; HRIHY:; 2RtE N
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[ Abstract ] Background and objective Osimertinib is approved by Food and Drug Administration for patients with
advanced non-small cell lung cancer carrying EGFR-T790M mutations. Osimertinib therapy was missed in many patients who
were unable to perform biopsy due to occult lesion progression or weak body. In this study. We hope that some proteins as-
sociated with predicting EGFR-T790M resistance could be screened from the serum to provide help for clinical medication.
The aim of this study is to explore the protein associated with EGFR-T790M drug resistance gene and provide help for clinical
medication. Methods In this study, 36 patients with advanced lung adenocarcinoma treated by gefitinib were included. After
the disease progression of the patients, biopsy was performed. 18 patients in the EGFR-T790M mutation group and 18 patients
in the non-EGFR-T790M mutation group were detected by the ARMS method. Serum of patients with drug resistance was
collected, and proteins related to EGFR-T790M resistance were screened by isotopic marker relative and absolute quantitative
marker combined with two-dimensional liquid chromatography tandem mass spectrometry proteomics technology. Results
Seventeen different proteins were screened out, including 6 up-regulated proteins and 11 down-regulated proteins associated
with EGFR-T790M gene mutation, which were mainly involved in 31 biological processes, 7 cell components and 26 molecular
functions. Twelve enrichment pathways were identified, among which the highest enrichment index was the coagulation cas-
cade pathway. Conclusion Seventeen proteins associated with EGFR-T790M resistance were found, and proteins involved in
the coagulation cascade pathway are expected to be biomarkers associated with predicting EGFR-T790M resistance mutations.
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TR AT 2 ( epidermal growth factor receptor,
EGFR) JZ3E/NIAE %% ( non-small cell lung cancer,
NSCLC) Wi Wi aRsh 3L A, H P EGFR 19del flIEGFR
21L8S8RIEfi W LB HE R R A8 S, BT L B S IR %
78 1) I SIN'S CLC AT e 57— 1B GER i 2 19 U35t 41 11 77

( EGFR-tyrosine kinase inhibitors, EGFR-TKIs ) : SFabnk
HRP LT IR o (HEETEM 2SR 91H-13
A FHSAS T S 4 1) HH B T T 25", EGFR-T790MZE7E & —
fREGFR-TKIf # WA T 25 ML, 1hiIL-6/JAK1/STAT3
PI3K/AKt(5 530 B . Kras%€7E | Fox M1 [ i 45k HoAl
HOLI 2P, 45 = {REGFR-TKI Osimertinib 4t /i /i
THEHFEGFR-T790MIH 25 3L N AL J A, ARORHBRER T 1
HINSCLCH A AT . (HAS/D g 38 TR 1 F g k- s 6 A6
PRIXE , =i PR HC A i 24 28 728 171 T8 325 4 FH Osimertinib , A4
HCHTFLAURARFFEZ5 Y| Osimertinib—2§ ] T EGFRZ/E
MIINSCLCE# b, AL EAF L T 22 EGFR-TKIR
S . ARG JEfEEGFR-T790M%EZZ fNSNCLHL
PR BTRL, MIRSE i kR R | AR R 58 B R
R A P 14 SR AR TG R 3 25 ABIFgE B L fi
FHEE A 57 BT IE % € 5 EGFR-T790MAE [N 58 28 AH G
B AEIAREY) D JCEE U A BB D A B e SR
SRS B o AR 2 S ROR FAT AR g 1) SR AR R ] B A
e, 82 T OT5E 25 W e g A % e ML 1Y)

Al
1 FERERE

L1 ERTORE HEH201841 H 2018412 H 512 T =
BF R 24BiHE fifg B2 [ HAA EGFR 1942k 5 EGFR 21L858R
Rk A 2 A 0 40 il i g FR B 36 45, AR e 1 IR
S BiiGIY . RS BT AL Z S99 (computed
tomography, CT ) #ATBEVS, SEHE M9 I7 ROTAN b U

( Response Evaluation Criteria in Solid Tumors, RECIST ) “/
Y 1 R SO0 B IR AT UG R, SR TSI R
4; (‘amplification refractory mutation system, ARMS ) 15K
I 4 EGFR-T790MZE A5 21 i # 185i] ; EEGFR-T790M#4118
i, W LA B LT T i R O B s Mg I e e
FAWFT T AT ORAF . W EGFR-T790MR AR J3 845, 2
1009, 4EW$472-79% , FIGAEIE (61.8249.12) %,
T79OMRAEA 124, L6fl, HFilca2%-83% , FHJ4F
% (62.17£10.53) %, AWF5EIH I BEBEASEZE 51 23 4%
ik,

L2 SIS APRFRIL S Akl Bradford i e fit AR &
A an & (1 A Bio-Rad ) . TMT 5T i bric il
EANAF . LC-MSEUELEK . LC-MSZ Hfig . LC-MS%
NG (4 F Thermo ) | % HhHjpa 2 R-250 [ Amresco .
TR SRR LT R Sigma ., J5T 9% G I
Promega, N (MHEZY ) . &K (M4 HSigma) |
KAFE (Mg E Solarbio ) . {¥%%. L-3000 HPLC ( iy
HRIGOL ) . EASY-nLCTM 120044 7+2¢ UHPLC ,
QExactive™ HE-XFiH(X . C18BRERAE . (RIEE OAL (1
HThermo ) | fEIRIEAIAF (4 [ Scilogex ) | ¥R T
(15 H Labogene ) . FLJK{X . HLVKHE (14 Bio-Rad ) |
HLFRF (I H Sartorius ) | IWHEIR G #F (14 H Scientific
Industries ) . RT-6100 AR (W H &AL ) o vkl
(WASEL) | IS (W H Millipore ) | HAME
0O A s ) L S A MR (I T
) o FEARIE: SRIL YA B35 R 23 5 4 M i bk
S mL, BERBARASLA (EDTA ) £ U LR —5A1Y
HrEtE T, 4,000 r/min.0>10 min , HUMLIE 8 4F T--80 °C
UK

1.3 LRk

L.3.1 03 i 2 B AR 5Bk B ALV A A TR A S5 i
ProteoMiner i [ Ui 4 1R & bR im F SR 1, B3GR
RT3 BRI X R B AE o ) 1 B A T A o

1.3.2 SV BRI IR RE S AR S BOR T R R T 15
O, INMEEIR S VOKIR S S min 7870 2460 . B0 5
B VSO BRI RE 56 °CIR W1 h, Tl kR = iR
WECRW L b INAMEARF IR 20 *CHRAAF T UIER
/B2h, F4°C. 12,000 r/minBS.0>15 min/FUWAETTIE., A
1 mL -20 *CTHIY N B E B I VEDIIE , R4 40F N R ES
OWERDTTE , WG 8 A AR VR i R T
1.3.3 AWK (i HIBradford 8 [ iRl &, Heut B
il BE A 2 A0 pg/uL-0.5 ug/ul BSABRUER VAR . HUAN
[Fi] R J32 11 B S AR I 2, 11 V5 VA B A ) s TR A 5 00 - 00 A
mA6fLARH, M RIAFIZE20 uL, HEEEEE 3R, S
A180 uL G250ZL (A3, ZEIRMCE S min, JJ5ES9S nmif
JCEE . AR MERT IR fh A 3 R B . 25
20 pgdh I URE S T 129%SDS-PAGESE I L UK , Wk 4
JEHLIK S5 80 V. 20 min, 3 B HLIK S5 120 V
90 min, HIJK&SHGFT% D ER-25044 (1, i 2 2%
Giial i

1.3.4 TMT #ric #0120 pgdE HFE, INER A Ad kb

100 uL, JIIA3 uL¥&FE A1 ug/uL R F1500 uL TEAB
0oo
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P, IRALIEE37 CCHEIE A o I AZERF K 1%
iR, WATEE. &0 S CI8ERERM:, i/
1 mLIFVEIRESETH VR UG A 0.4 mLYE BRI 2 1K,
JREES AT . MIAL00 uL TEABZZ MR & 1%, MIA41 uL
TMTHRICIEG], i FEENRAI SN2 he 21k 5L
ERBRRCRIREAIR A, BRERAT .

1.3.5 {85350 Tl s AR RIBY . i1 mL AR
bR ICIR A AR A, 2 T 12,000 r/min#.0>10 min,
B mL VS HERE . (i HIL-3000HPLC R4, @ikt h
Waters BEH C18, FEili% 450 °C, Ror-phlE 148 & 310
LMY, URTIEA A 0.19% H BRI i .

1.3.6 = R0RAR O 3E- B (i FHEASY-nLC™ 120044 714K
UHPLC RS0 @RSV . 1 Q Exactive™ HE-XJFi i
{¥, Nanospray Flex ™ ( ESI) BT, &5 FWi%s )k
N23KV, B TAEEE TR 320 °C , RIS R B
RURERE, ik e 45 2350 m/2-1,500 m/z, —
KT3I N 60,000 (200 m/z ) , C-trap fx KAF i
A3x10°, C-trapiig K 7E AR A20 ms; iRECAHH
FORBETOP 4001 BE 2511 H = BRI 24/% (HCD) J7ik

B, T BRI, TS A PER A 15,000
(200m/z) , C—trapfiﬁgﬁﬂylxlos, C-trapfig KIEA

FE) 45 ms,  JRBRE S04 BEFE 1 32% , I8 BE RN
8.3x10°, FNASHERHIE IS N20 s, Az s k6 I 5 ha K
(raw) o

L4 i it sk

L4.1 BB ok T LS O raw, AR
TR SRS R, RS Braw X E 4 S AR
Proteome Discoverer 224541750 AR R, k. TEH
E i, ANRH AL . homo_sapiens_uniprot_2019.01.18.
fasta (169389 sequences ) , {HZESE . ([HiHFEER
FOPRBOEAL, ARidEAl, BEUIEEUNRE g, &K
FOVF2A B VDAL A5, A 8 48 P2 I o 22 25
FE10 ppm , #4748 2R I o A i 22 25 25 i1 0.02 Da,
FiE AT AR B . A fE+15.995 Da (M) | TMT
10plex/+229.163 Da (K ) , NAVWGMBGMHZEAL. LWk
+42.011 Da, TMT 10plex/+229.163 Da, [ B Ik
WAL +57.021 Da, O T4 HTAR DR, FEALIEHTE
R, A[EEELEI9%LL I AYiEAL ( peptide spectrum matches,
PSMs ) AR {EPSMs, Z/D0 7 —uniqueRE (FiA ik
B MEH N EEREA, RETEISRMES, JH
EDREGIE, ZBRFDRAT 1% IRBAI & H .

L4.2 EYIERF T %FﬁGoﬁﬁEEﬁi‘ﬁﬁ ‘Qﬁﬁlﬁfﬁ

gy, S FIIRE AR s BT KEGGHE A PATHWAY
BRAT AT B2 5 0 E AR R IS 5 5 Sk
2, di il InterproscanR /% 25 11 5t 25 A4 S FN D) BEVE 6 5
FFH String DB AR [ J57 A B4 e 4 7 48 5 2R Y AR O3
Bro

1.4.3 %Iﬁi}ﬁiﬂéﬁ N ,ﬁgi&}ﬁﬁ? {E}fﬁproteome Discoverer
228N REE R U R B AR EETE99% LA F Y Ik
I, FDRIFEFRFDRA T 1% KB H , %€
607FM I [, 48 PESE UG AT IRBAK BE A0 . BERS i
255040 . UniquelRBOE M . PB4 . EH
Oy B, AT R SR AR

L4.4 (M52 EAE MWHAEARETERER,
BN R TR PURORE vt e i) 26 49 1 52 0 AL B 1
{ELAE ]y 22 574588 (fold change, FC) Ry 1 HI7 22 53 14 Wil
FE, KA EATEPIA LB RE i A
Frefey, JFHSARN PR, LAMGPE Ry B PEdEbr . 4
FC>1.0[F] i} P<0.0SH 8 H R B ik [, 24FC<1.00
[Fi] Fisf P<0.0S R 2 (I A ik i R,

2 HR

5 EGFR-T790MHE K 52 A8 A5G 22 S PE AR A i ik -
TR AN A 3 1Y S GG K S E i SRe07 R BT, 0
thAt17Rh 22 e 1, B R offh, IR R 1k, 25
R,

2.1 ZEFE GO LR L orbr #4228l AT
GOEET, 17MEREATZS 55 FIHE (molecular
function, MF ) 1740.74%, 494073 ( cellular component,
CC) 57.41%, H=Wid#E (biological process, BP) 5
51.85%., FEZSHHHKMAIEM (proteolysis ) , ZHfifl
I FEYETT (regulation of cellular process ) , ‘H#§H ¥ id
& (bone remodeling ) SF Wk #2544 R AN 4 X I
( extracellular region ) M ETNS: FES5EMNTL-%
FEPR K BEIE BRBEIE 4 ( peptidase activity acting on L-amino
acid peptides ) , FREEEALEHE S ( thioloxidase activity ) ¢
Sy T UIREaIA LA,
2.2 ERHEHKEGGHELIR N Eim /i KEGGE
FEME RSN E A D B E RN, BT E 2
SEAS 5N ERFEEMRBBRENE S SER.
KEGGH A & EL R ILKEIB, HIWLMIIRESR H A : BB
(malaria ) | AZRFLIEHRE R (human papillomavirus

Ijrllfeﬁn 7|:| I/ S (platelet activation ) 45, X} Hr
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A 2250 R U KEG Gl 73 B & B 1 124> ' B3 it
e MEFAESE PR R AMATIBEM AR RN | H 22T
PERCOR-SZ A EAE IS, AR on & e B s 1Y
SEAMAFIEE MBS, R HZIEAE P Y SCHE R 3T fig
SR TEN BE T EGER-T790MIi 25 28 A5 L Wbty , 5%
ARSI e R iC ) W22
2.3 ZESPEE PSR E E AR X2 Sk A Ah
eyl R AT 3T, R B ELAT S 1 T 1) 7R R JOK ik
K ( proteinase inhibitor, carboxypeptidase propeptide ) . 4f
MuARHEE T -1 (extracellular matrix 1) | #5485 [ Jf 4 Wh-24
('secreted phosphoprotein 24 ) ZF&5 41k 1) 22 73R FH Al g &

% 1 5EGFR-T790MR LA FRIZ LAMTENER

JitijiR 98 £ A EGFR-T790MIR 25 SN RS G . ZE 51k
HEHSHE SRR E ILELC,

3 1Whig

HHA AT 3 EGFR-TKIs—#f, Osimertinib5ATP
ZEAAL S PR E R -797 R B K AR R W N, 5
T790MZEAS K 45 4 J1 WT EGER[F)1001-20015 ",
I Osimertinib & il fEG WG YT IV IELSE . BT FLAURABFSY
Hpmat Rt SERTR 2B EGFRE M INSCLC
B — 23 % Osimertinib, HP{7 B A/ N38.61H ,

Tab 1 Proteins with up-regulated and down-regulated expression associated with EGFR-T790M mutation

Protein Description Gene log2FC Up/Down
F2RM37 Coagulation factor IX F9 0.20 Up
Q961Y4 Carboxypeptidase B2 CPB2 0.10 Up
AOAOB4J1V6 Immunoglobulin heavy variable 3-73 IGHV3-73 0.43 Up
AOA075B6R2 Immunoglobulin heavy variable 4-4 IGHV4-4 1.86 Up
A2N7P4 mmunoglobulin mu-chain D-J4-region IGHM 0.50 Up
Q13103 Secreted phosphoprotein 24 SPP2 0.17 Up
Q72664 - DKFZp779N0926 -0.25 Down
P00747 Plasminogen PLG -0.09 Down
B7Z1F8 cDNA FLJ53025 highly similar to complement C4-B - -0.46
AOA140VJI7 Testicular tissue protein Li 61 - -0.21 Down
P00742 Coagulation factor X F10 -0.26 Down
QI9UGM5 Fetuin-B FETUB -0.28 Down
AOAQJIYVY3 Immunoglobulin heavy variable 7-4-1 IGHV7-4-1 -0.24 Down
A8K3I10 cDNA FLJ78437, highly similar to Homo sapiens cartilage = -0.28 Down
oligomeric matrix protein (COMP), mRNA
Q8TBDO - - -0.47 Down
000391 Sulfhydryl oxidase 1 QSOoX1 -0.24 Down
AOATWeIYJ4 N90-VRC38.03 light chain variable region (Fragment) - -0.79 Down
“-": Represent Uncharacterized; EGFR: epidermal growth factor receptor.
xR 2 5iMRFR MR R EAXEREER
Tab 2 Different proteins associated with complement and coagulation cascade reactions
Protein ID Protein target Gene log2FC Up/Down
P00747 Plasminogen PLG -0.096,9 Down
F2RM37 Coagulation factor IX F9 0.20 Up
P00742 Coagulation factor X F10 -0.257,0 Down
Q961Y4 Carboxypeptidase B2 CPB2 0.101,7 Up
Q72664 Uncharacterized protein DKFZp779N0926 -0.254,9 Down
B7Z1F8 Uncharacterized protein cDNA FLJ53025 -0.460,5 Down

HJEREREREEN
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A Enriched GO Terms B
(test vs control)
40 7
2 2
< 30 53
£ B test vs control
‘6 o
5 20 3% NA
— =
5} o
- o)
c
g 10 2 § , ,
5 = Pancreatic secretion
(-9
0 . 0
§f§°’§° §§ f $’$’.§ 35\ Neuroactive ligand-receptor interaction
ECET S &7 & .58 & &
S SES g L LT S ) . ) .
S&E fé“ §§§_§§ & Protein digestion and absorption 1
58§ TS S &
S S ‘5;\?? & L'}’5b° 2
3 ¥ $
& & & Influenza A 3
< g g
= s
& § 4
BP cc ME Malaria 5
wv 6
. E o . . .
C Enriched IPR Terms = Human papillomavirus infection
[t
2 (test vs control) 12 log10 (P value)
" Platelet activation
2.0
g -] Focal adhesion 15
) i .
£ K
% ° 1.0
s 10 06 = Complement and coagulation cascades
o
s 5 0.5
[=4 fe)
g € ECM-receptor interaction
e =
0 0 Pertussis
RO RV
F Fs§FS &8
@ S 588 F . "
& & $°A°o, NS Staphylococcus aureus infection
S FIEFTF I
F S ISEES
S ETEL LSS
S EFSSFESE 0.1 02 03 0.4 05
§ IESESS Rati
S T 88 atio
-§ F&F £
§ SEEE
< $
N
IPR
1 EREAHEXEEER. A: ZREAGOHEEER, B: ZREHKEGGEESIEE; C: ZRUEALWEEEFRE.

Fig 1 Differential protein-related enrichment diagram. A: GO function annotation analysis of differential protein; B: KEGG enrichment scatter plot
of differential protein; C: Histogram of enrichment of different protein domains.

1M — 2 — REGFR-TKUE % AL i A= 7151 31.84~
H . it Osimertinib@ifiLif—4k FH T H A5 EGFRESUE 5 AF
B HINSCLC S . (RN BRI, 800 s ik
FEAE—1CEGFR-TKIH BT 25 145 H EGFR-T 790 MAUjgk
S8 J ffi F Osimertinib 7 I PR 352 2 v S8 557 81 a2 Je o 37
Foo M. R, BRI BCE IR R KR, TS
OsimertinibZ Z S8 . IfiLIE H 1 2 F R I T LA 5 B Ao g
FEBAN BRI MA R/ R TR g, F20
GRS, R A 25 5 R TR R G, B
JEEH 2 AT P S LR A S R TTA 2 B T 45 1
KTH, [F5HEAZBMHERRE %@ﬁﬁ;%@ﬁ

2N

B, AR E 424 HOR T % 5 EGFR-T790M
BRI 2= S &N b L& A6, Tl
F11F, 25268507068, 7RPAIMI4L Sy, 26Fp A9t
T JIrS 5538 i v s A4 B = 1 2 A MACRIEE 1M R HK
N, izl EIENE A F2RM37 (BRI FIX) |
QO6IY4 (JRJIKEEB2) , FIHAIE A . P00747 (LF4kzE
FIJE ) . P00742 (HEIMLTX) . Q72664 ( Atk ) Al
B7Z1F8 ( KAk ) .
FRIKEGB2: J24 B RIKEGZ R 0L, FRAKEEB2AS
B Al DL A S o A TR A . At
ﬁ%%miﬁmwimﬁmﬁﬁéqﬂ%@ﬁ%ﬁj@ Hok
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SV Gk B L RO L R RN 22 A R A I
e, TEFLIRRAHZ . DN SR A 240 &R P i e
WA FRIE, RIKEEB2 T I8 AT LAl fieg i) 4= 28 FiE
o AT R IKEEB2)E T FRE H, AW IICh
T EGFR-T790MIfif 24 3 K 58 4% (A A= s i 0

F2RM37 ( HE Il P F1X ) 2 2 Az 28 KA M5 1 1A
Fo B I R IXGE A XLl & I 535006 AT 2 5 P TR 5E
MiEAe, HETE B MEE ha Tz otse, sz g
FIXZ R A T A S RO, H ARG G
5T T EEIM A FIXTE MR A . R ifEH .

B PR X258 s i PRz —, Al ARG
PN R 35 11 CAZ AR IR I BHAOG S2 AR 1, 388 1l X OB L
YRR AR R AL R G EEMER . N ER
CRZARN LSS EL g . Wil . e MR ] Bz 97 . ZLAR AR L B
B, BEIRSEMR A SRR G, i XS S
o R R R T—E PR S — Tk g R 21451
BN PRAS I AT A Z | R Z R 2 e i 5 A
BE ML XA T SR LU= 500, R IEH B
BULRFIE VL 3PP, T 7E 57 AR 200 B v a8
B bR B R IA o B P X O 7 ) A A A i R
TENEZOEE MR LB K S il E —E e, A
T 1 R 0 EGFR-T790MIfi 24 35 R 58 A5 i A= )b i ) o

P00747 ( £F- V%55, Plasminogen, PLG ) , ZF VA5
SR I JOTE PRI, 38 AT 4 SUR AR5 Bl R O
PR ZT 175 g B SR B0 o 2P it . BRAE A BFE IR
A Ao B A 2R SRS, ZF VT i O S e 1)
RAEREBEOIRE, 3G b M 2 £ 5 i S e ik
A Vs 0 kG I B S0 T LG 1) A bR s
1A SerafinE s S BEE I 2 F 4 211 i DR A
Tl 7010 - 1R V5 Tl D R 0 U A R R ) LK 1 34 KT
RGN i R KT B84, AT DLEE I S iR AR T IR 1Y
R ROk S g K LB SR

Zi b, AESEIE i A AR AR A% E il
S5 TR T BRI BT o A 1 2 2R R OR S
17MEREEAS S SFMAEY SR A5 MorT
ifig, A RMAFIEE i 28K 520 5 EGFR-T790MIfi £/ 58
EYIFC, THZsAE T 2ESE A RIKEEB2 . BEill
P FIXTh g, BEILHFX . 75 B IR R AR A T AR B
EGFR-T790MIi 24 58 ARG bRy, ml b Joik — Ik
T G A VBRI 5 BH P )RR kb 7, i A B A SR A A
Ph b R R 28 — ACEGFR-TKIM BB RrLL it g . 34k

HEED RGO KA R A LAV lt—
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