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[ Abstract ] Background and objective Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs)
show promising therapeutic effects in patients with advanced non-small cell lung cancer (NSCLC). However, despite an initial
response to TKIs treatment among responsive patients, most inevitably acquire resistance after a progression-free period of
about 10 months. The percentage of T790M in TKI acquired-resistant patients in most studies is around 50%. The aim of this
study is to assess the effects of the sequential administration of triptolide and geftinib on cell proliferation and apoptosis of lung
adenocarcinoma cell H1975. Methods A MTT assay was used to measure cell proliferation. The potency of the sequential ad-
ministration of triptolide and geftinib were determined by isobolograms and combination index (CI). Cell apoptosis and cycle
distribution were detected by flow cytometry. The Hoechst 33258 method was used to observe the apoptotic morphology.
Chemical colorimetric luminescence was used to measure the caspase activity. Results The results of isobolograms and CI
showed that the sequential administration of triptolide following geftinib remarkably inhibited cell proliferation and cell apop-
tosis compared with other sequential administration models. The cycle distribution results indicated that sequential triptolide
administration following geftinib blocked the cells in the G,/M phase but not in the G,/G, phase. The activation of the Cas-
pase-9/Caspase-3 cascade was mainly involved in the apoptotic pathway of lung adenocarcinoma cell H1975 in all sequential
administration models. Conclusion The triptolide administration following geftinib might be a new therapeutic strategy for

lung cancer with T790M mutation after having EGFR-TKIs resistance.
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B1 ARRENEAHRRR (£) 55EER (F) EA72hatH19758MAEKEZE (n=3)
Fig 1 Effects of triptolide (left) and gefitinib (right) on the proliferation of H1975 cells for 72 h (n=3)
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2 HIRBRMEL#R R RIEH97540 Bk BB R 5C
% (n=3) . A: ELABBER2 hEHEER48h B EL
BHRRRAEEIFERAS hFR2A hARHTEIERE ) C!

HIEERABhFRELHERR24h,

Fig 2 Schedule dependence of the interaction between
Gefitinib and Triptolide in H1975 (n=3). A: Pretreated with
triptolide 24 h, followed by gefitinib for 48 h; B: Treated
concomitantly with gefitinib and triptolide for 48 h and
incubated in drug-free medium for 24 h; C: Pretreated
with gefitinib 48 h, followed by triptolide for 24 h. TG:
Triptolide followed by Gefitinib; T+G: Triptolide plus Gefi-
tinib; GT: Gefitinib followed by Triptolide.
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®1 EABRRRFREERERANKAAGENER

Tab 1 The result of Cl to pretreated with triptolide followed by gefitinib

B3 B ABRARREEEERNFERATHSENER
(n=3) . A: EABHEHRR24hEEFIEER48h ;B ELF
HEBRAEEERB hFR2A WA EATEERE  CL &
EER48 hFRELHEEER24 h, BB ALK F1Y

=8

Fig 3 Isobologram of triptolide in combination with gefi-
tinib (n=3). A: Pre-treated with triptolide 24 h, followed by
gefitinib for 48 h; B: Treated concomitantly with gefitinib
and triptolide for 48 h and incubated in drug-free medium
for 24 h; C: Pretreated with gefitinib 48 h, followed by trip-
tolide for 24 h.

GF*
Cl

40 15 10 5 2.5
TP*
6.25 0.37 0.58 0.9 0.87 1.03
12.5 0.45 0.53 0.67 0.79 1.18
25 0.39 0.55 0.78 0.59 0.87
50 0.48 0.65 0.76 0.64 0.57
100 0.59 0.71 0.83 0.56 0.52
Average 0.46 0.60 0.79 0.69 0.83

*:nmol/L; #: pmol/L; Cl: combination index; TP: triptolide; GF: gefitinib.

2.5 ZPhb 3G Hoechest 332584 (A 25 255 A -1y
H19754iJfl, Hoechest 3325840 )5 it /s s YL A I T=/MA
ManputZ., S5e% . R . KBz, A
To/IMARZE AN/ NN ORI, [Rl—200 A (20t ks
ARAE ) TR NG Z AT /MAE (KIS &

2.6 AN[A 45 24 )7 2O 20 L JE BT B S e 25 2 5] AN SL 0
SR AR TS, SRR N OSSR LLE R

HFEMEIE TR, WG R K, HFTas T L
Eih, HARR e 2 F B AN I AE G/ G (59.82
+3.41) (P<0.05) , MPLHELABEPREME, G/M
HARYANIEE 3 % (45.68+1.51) (P<0.05) , [RIFETET
R F B A R E G,/ G ML= s (61.51
+3.92) (P<0.05) , MEAEABHRFHEELEH
Go/G A 5 (33.73+2.81) , G,/MEAHJL L 51 0] F
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4 ERBRENSTEEREAHFRIEA72 hiFFMHI975AT (n=3) . AINIEEEFR T EABPREY ;G SEEREH TG E4
BRAZFREEER  T+6: EABRFRBATEERE . 6T SHERFRELAHRF R, B SEFHEFAMNEMAMATE. # ST/TGALR,

P<0.05,
Fig 4 The effects of triptolide and gefitinib alone and in the sequential exposure schedules for 72 h on cell apoptosis of H1975 (n=3). A: N: Without

treatment; T: Triptolide alone; G: Gefitinib alone; TG: Triptolide followed by Gefitinib; T+G: Triptolide plus Gefitinib; GT: Gefitinib followed by Trip-
tolide. B: Relative apoptosis levels to control. #: Compared with T/TG group, P<0.05.

(42.95+1.39) (P<0.05) . pubnl WLAER e sazhnlsy  HIBHAR .
R RIF R A AEY R FEBFG/G IR, MHEA 2.7 AFEZ25 )77 Caspase-3, Caspase-8, Caspase-9[1J{f
MR K AZGElE NP R RS R FEIESG/M PRt 73 i) I Caspase (35 AL A28 AT LU 3 3145
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B 5 FRAELE72 hNEH1975ATESBRE (n=3) . A&&LAEARTHE
Fig 5 The apoptosis of H1975 in dealing with different methods after 72 h (n=3). The red arrow refers to apoptotic cells.

Go/G,

G,

B6 HEREEAHRERAERTHI75AMEHMAREAR S
(n=3) . SEEEFAVILEMANEAR I, # 5GT/GALLER,

P<0.05, *: 5T/TG#ALLE, P<0.05,

Fig 6 Cell cycle distribution of H1975 cells exposed to gefitinib and trip-

tolide in different sequences (n=3). Relative cell cycle distribution levels

to control. #: Compared with GT/G group, P<0.05; *: Compared with T/TG

group, P<0.05.

B 7 SEERE5ELAHERAERKS TCaspaseiEFiER (n=3) . *: 5
T/TGAHELE:, P<0.05. #: 5T/TGAALLE, P<0.05.

Fig 7 The activities of caspases to gefitinib and triptolide in different
sequences (n=3). *: Compared with T/TG group, P<0.05; #: Compared
with T/TG group, P<0.05.
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R2 ERBRRRATIFERHNKSAAERER
Tab 2 The result of Cl to treated gefitinib combination with triptolide

a GF
40 15 10 5 2.5

TP
6.25 0.89 0.93 0.98 1.09 1.13
12.5 0.92 0.87 1.01 0.96 1.09
25 1.07 0.91 1.23 1.04 0.99
50 1.13 0.94 1.08 1.12 1.21
100 1.24 1.07 117 1.28 1.32
Average 1.05 0.94 1.10 1.09 1.15
x3 SIFERFREAHRFRNHKSALRERER
Tab 3 The result of Cl to pretreated with gefitinb followed by triptolide

a GF

40 15 10 5 2.5

TP
6.25 1.39 1.48 1.59 1.82 1.93
12.5 1.35 1.35 1.55 1.62 1.82
25 1.58 1.47 1.85 1.78 1.80
50 1.84 1.70 1.90 2.06 2.22
100 1.88 1.76 1.92 2.15 2.26
Average 1.61 1.55 1.76 1.89 2.01

OD 55/ OD pyyyp gy G BRI AE o GETHE5 IR KBS HoAth
M, FABH RPN E AT R P RS
2 Caspase-3 [ 7E M43 (2.23+£0.36 ) F1 (2.51£0.21 )
(P<0.05) , Caspase-9fyyEPES 0 (2.61+£0.31) Fl
(2.11%0.23) (P<0.05) , TiJJiF 4 Caspase-8(1)ifi I I
s (J7) .

3 itig

EGFRIW 5 235 FIE AL TE IR 19 K A R S b iR 4
HEMIEH], EGFREC MG T I BAHEE AL, 25—
TKIsi 1 $I ] EGFR K HE N 5 5 Wi R TE LA — S SRy
JEE1B4RB ( phosphatidylinositol-3-kinase and protein kinase
B, PI3K/Akt ) 122 234 J5ti A0 25 1t/ 40 M A ME 58 1538
fiff1/2 ( mitogen-activated protein kinases/extracellular signal-
reglated kinases, MAPK/Erk1/2 ) 55, MR A ieg 21
M A MG GE, BRI, RIS T EGFRIE A &
I TCHI A7 I TR RN 22 i3, (ELR 0 S8 i B
R I 2. 2050 17900 TRAE M (K

SR I I SRR AR Sk F AR ) 2 IR X EGFR-TKIs
AR 25 B B 2N, 29,550% . H197S4R i #5421
A0 TR S8 AR 1 XSS AR TR 25 A, WU AR 18 B 1Y
ATPEF) VRS A IR 3697 8 B T, Rk
XFTKIsPARAFIEM 2 . FoAT1 2000 [ B2 9200 2 Hh 1 453
i AR JEFIER 22 e H 2 B2 T 72 b H 197 S48 i 410 i
VEFIIIC B4 31 (9.93£0.91 ) mol/LAI ( 26.91+3.82)
nmol/L, 7ELATEIRIE R 2 4. TKIsT 24 5 il A
BT —HATFRR B, HANTEm 255 P T ARG 4%
AT . AP BRA AT TR T SR AT
DA B 4G 55 A — P TKIs 25 ) (5218 2 A 13 2. (LA
AR S FRAT & B T790M S 350 (1 i 25 (AR 2R 3 A
A S 24 S AR S 700 5 ) 25 I 7 FH A A 9 48
A, R A T 2 S AR )Yz B N AN [ R
I RE VAT, [AAEZENSCLC T I, JCIRTE/R SRk
P, AT LA S A AR R A i RS AR . R
ST R A TKIs & BHEY AL O FARERET790M T 31 4k
N 25— S H M.

A R 255250 b ) PR 248 1+ 1527 5, X

HERERERERERE
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AT T790MAE AL HI97SAl AR, FRATIETT T 3% 7 5L 07
FRFBEMAN I R AE . H TIPS 253K G
W R T2F 5 P IsobologramstEi Al | Bliss additivismfE Y
S CUJi: . Isobologramsti I A1 CIJy ¥ 1 & 2 T IC, 4T
HEREY S ARSZH P A8 8 F) T Fl Isobologramst
FCUT LB A% o T LAFRATT I B e 433X P 5 7k AR A1
TEH IR 3FI A 25 75 ZEXTH197 S fE 1 52

WRER BN, FEHEAEY R 24 W5 P IR
JE48 hZ H SANIC o SF R 4 ST TETC oo 55 R0 111 48 X I
FIZEM, AEXTF A RIS H IR /248 hd] (54454
BAETIC R I ASIXIRA , $8/R AAIAER ) LS
e 48 WGP BL A FH 224 bl ( SMIC, S50 i Ak
FIC AR XS A M, T8/ A 55N SFHAE R ) F£oR
SRR ST AR . 3R 1-3R3Hh A CHE [ A
UESE T Isobologramst R 4518, Ry 20 FH & P 515 E
B Je LA A 265 245 77 SXEA D RIS R

FI R A R 7 R e ARk B A5 A 4 A K v
idl, RAESREASSEAMMAET, JFHRTEE
SR ZRBETET . MEA RN RMHINSCLCH] BEY
JrECA T AN E I, 0% caspase i S i . il M 4
N B2 AR P B HINE-xB TG PE A OC, (BRI A B
gE3 T DR TR AT AN A R i B 3 B 4 2 o
SRS i I oy R & Ei A I O N i S 211 007
T S R TR R A TR A, RS2 4T
YRR I A T DL, BN R T A2 i 58 SURISE ]
i — RN ) R AR E T A E S . T A
AT I TS g A R R . AP R A
AR R AH ISR REH TSR I Ed R
AW 255, BUE EE AR R 7 5 AR e gk AL
P, MHAEFIRERAEIERR P AR AT R, K
W R AT d0M R A S g R R A R
MEARER RO e 4L, i £ 29 EG,/M
W, mEBRAEIEE R MEER R TEABTRAA, #
Ji RN HITEG,/G W], Caspaselfi{L 45 /R 25 TH A
EH R AE AR ZP 5 Jedl, Caspase-3, Cas-
pase-9B {74k, T Caspase-8- 5%} FRZHAH L, UKL
s, RSP e BRI

5% & BALST S EGFR-TKIsEK 75 1 T A [FINSCLC
Yiff, HAAMEGFREEIR L ( pEGFR ) ZKF-3ENE A4 HE
MIEELRH AR RIRIT ik as, 1S EGFRIE R AFAE 5378
IO, WALEBE T A R 5 AR e IEGFR
FERKBERR AL /K- B 3wy, WA 1R sl bR

JERIF R TR AR e A i R AR R Sk 25,
AR AR RIESWG,/MIBIET . i %
Je SR AEERRFER N HESCEF RS RF I E AR R
BF, FARR ARG,/ G, AR B B
TR R RN MR 7ES I, iR B I S A A i R
WE G,/ MB35 R B KA I FE Go/ G I 41 i
HE AR RGITICRI T, M IR e FEUEGFR
FIERKHE IR b T P8 /R F A Bk [ i =i e 53 7 FH 179 7 2
e i, S5 AULEA R A G2 R RE 1 e 20 e
ER, WIae S AR e R I HZE G/ G R 2
i FP 2 240 ) B B A ] DA R 3 5 EGFRFNERK I 2 {6
TR K, Caspase 2 FR M & 2 HEE R 1) KA AR K
FIK ARG, JE—dfA e TAMs b . HA RIS &
. ARG AL R I o e iR AR L, e S
P D) F FE AR 1 R A SRR SE IS R, 7 ST e Bt b
PIEI RS s, AT A8 1=, Caspase-8, Cas-
pase-9 AL 15 5 L R A I, Caspase-3 230 # e K i
Fififf, Caspase-8 & ZAE I TAET-Z A& 4%, Caspase-9ll]
FEAFETRBRGRAE T, EHRAAGE IR T
Caspase-3it AN 1=, 45BN, S84,
B FH 24 )7 28 5% 32 S 5 2R AR R 42 v ) Caspase-9 R AT
Ak AT 4005 Caspase-320 i S ANMI I T, 1 LA A BEH %
B AR RS JE 4H Caspase-3 . Caspase-9F T AL AR BE it 5 T
FARE R BA R AR KA ST BB R BE A B
U, R THEAEHRAAME ., R a R s
IS TR FR 2 B A TR AL B T R S T W 1 TR A R
Kzl [EAERNMEERE, @T‘ﬁ@ggﬁéﬁﬂ/‘JCaspase-S
PETEIFRA SIS, XoIR TRIMWES . &6
FEAEWI A G, 35 AR B 8 ST I 48 N B A K R 7 5
NFE-xBIYTE P, MIMHE S T 85 20 H 2 1 2 B2 d
A e 485 B[R T 22 R AE AT AR 0 2 RAMEAS FRAT
— S AREAR R .
W 2R TR B DR, LT AR R T EF IR
N FHSEERZES, IR AMEIE R IR 245 P HUY) B 4T g A
PEERAE TARGF B AR FIERIE SCRe, AR 202 —Fhie
Girh 2y, AEME IR YT R R AT A AR KO8 ) SRR
it AHFEAE T R E N 25 H197 S0 bk - & B2
R R IR R SRR RBE T AR R G5 IR
By a2 A LA P RIS E R, il PR
HATKIsi 24 /5 T790M A8 1) J & TR T #R i T — S8R 4F
I RIS, JE AR PR B i B ok T — 224
o HE 5 AR 4 2550 R i A e 0 Rk
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