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H E B WITEFAHETE(TPL) ISR K A K B T 2 AR B S BH B 47 6) 71 (EGFR-TKI) & 3% .47 EGFR % % 3k ) 4w feL A
95 (NSCLC) 2 L Y0 ) 20 5 & i e L) . T3 RSP 3E R ANSCLC %9 i 2 H1975(EGFR T7T90M/L858R R % #4 it 24 4m Jit, % ) A=
HI1299(EGFR % A A 69 AE @it 2 4w AL & ), KA MTT iAe i 4 Je 73 76 5 a8 3t B AR 20 45 20 (CD 7R TPL A= &5 3E B R A BR R 2
FH1975 tafe s = @ 40 K & 3k B TPL41(5.15 nmol/L) , & JE# . 28 (2 pwmol/L) K& & TPL+3 k#4833 E TPL+3 3k
# J2.28.(5 nmol/L TPL+2 pmol/L & 3£ % & |15 nmol/L TPL+2 wmol/L & 3E 2 2.) , KA i X, 4m Al A A ] 2 8 == B8 B3 oA 15 oL 5 A
o F 3t AR TN TPL 5 EGFR 69 45 46-4% 1, 51 5% i X 4w e R A& ] 4 i, o 5% g BRIILEE 3-8 B/ 2 & L8 B/l SLah i B e B &
#e.%& & (PISK/Akt/mTOR ) il 3 B8 "% 48 % & & [# & 485 & & 1 2244 3o (MAPILC3A) \MAPILC3B]#) A5 L, R TPL &}
H1975 F= H1299 48 itL 64 34 543 7 — 5 6 4 ) A A, LA AR | B I 4R #4245 5 3%, 15 nmol/L TPL B¢ 4% k% B AE JA 48 h *F H1975
28 L 04 35 5435 A7 B B k) 2O (CI<<1) , i 2 H1299 28 JL ) W BIAE R (CI>1) . 5% @ 4arkdk, & 2h #4069 20 B A == 4= GJ/G,
Htm e e ts) 3 B 295, S H .Go/M 1 (AN A TPL 21k 91 ) 4m AL Yo 45 34 B 25 Ak, BLBR A 4120 R #46(P<0.05), T T4 %
27, TPL # # 4 7T 5 EGFR TT90M/L858R & % 45 4 = My 4 Thr854 % A TG R B4k, 5% G b4k, & 25 My 4l s i P 18 9548 % &
OWMEARARETA, BEMXEONREHRE LA, LB A AR 2K (P<0.05), it TPLE A & 3EH Tt R 475
EGFR % % NSCLC 4m fe#y 34 7 75 1, JAF A AU 7T 4 5 T 38 PISK/Akt/mTOR 3@ 34 Fo i 5= 2m L B A % o
KR FTAET A FERL AR AERE T A BB R A ;5 AF ) an U SIS BLIULES 3-8/ & % B SLah
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Analysis of the synergistic effect of triptolide combined with gefitinib on EGFR-mutant NSCLC cells
ZHANG Yi',GUO Fen®(1. Dept. of Respiratory and Critical Care Medicine, Xianning Central Hospital/the First
Affiliated Hospital of Hubei University of Science and Technology, Hubei Xianning 437100, China; 2. Medical
Experiment Center, Clinical Medical College of Hubei University of Science and Technology, Hubei Xianning
437100, China)

ABSTRACT OBJECTIVE To investigate the synergistic effect of triptolide (TPL) combined with epidermal growth factor
receptor tyrosine kinase inhibitor (EGFR-TKI) gefitinib on EGFR-mutated non-small cell lung cancer (NSCLC) cells and its
potential mechanism. METHODS Human NSCLC cell lines H1975 (EGFR T790M/L858R mutated drug-resistant cell lines) and
H1299 (EGFR wild-type non-drug-resistant cell lines) were cultured in vitro. MTT method was used to detect cell activity, and the
effect of combined medication was evaluated by the combination index (CI). The H1975 cells were divided into blank group, low-
concentration and high-concentration groups of TPL (5 nmol/L or 15 nmol/L), gefitinib group (2 wmol/L), low-concentration and
high-concentration groups of TPL+gefitinib (5 nmol/L TPL+2 pmol/L gefitinib, 15 nmol/L TPL+2 pmol/L gefitinib). Flow
cytometry was used to detect the apoptosis of H1975 cells and the distribution of the cell cycle. Molecular docking studies were
used to predict the binding ability of TPL to EGFR. The expressions of phosphatidylinositol 3 kinase (PI3K)/protein kinase B
(Akt)/mammalian target of rapamycin (mTOR) pathway and autophagy-related proteins [microtubule-associated protein 1 light
chain 3a (MAP1LC3A), MAPILC3B] in H1975 cells were
detected by flow cytometry. RESULTS TPL had a strong
inhibitory effect on the proliferation of H1975 and H1299 cells
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gefitinib had a synergistic inhibitory effect on the proliferation of H1975 cells (CI<<1), while there was no synergistic inhibitory
effect on H1299 cells (CI>1). Compared with the blank group, the apoptosis rate and the proportion of H1975 cells at Go/G: phase
were increased significantly in administration groups, while the proportions of cells at S phase and G:/M phase (except for several
TPL groups) were decreased significantly, and the combination group had better effects (P<<0.05). Molecular docking studies
showed that the hydroxyl radical of TPL could form hydrogen bonds with the Thr854 residue of the product encoded by EGFR
T790M/L858R mutation. Compared with the blank group, the expressions of pathway-related proteins were down-regulated
significantly in administration groups, while those of autophagy-related proteins were up-regulated significantly, and the
combination group had better effects (P<<0.05). CONCLUSIONS TPL combined with gefitinib can synergically inhibit the
proliferation activity of EGFR-mutated NSCLC cells, the mechanism of which may be related to the down-regulation of PI3K/Akt/

mTOR pathway and induction of autophagy.

KEYWORDS triptolide; gefitinib; epidermal growth factor receptor; tyrosine kinase inhibitor; non-small cell lung cancer;

phosphatidylinositol 3 kinase/protein kinase B/mammalian target of rapamycin pathway; autophagy; drug resistance

I S TR BT ) 1 i P, He e 24 859 1 it Sy
BN ATi%EE (non-small cell lung cancer, NSCLC) , /5
SO N SRR . AR, R M AE K K52 /& (epidermal
growth factor receptor, EGFR) i fith 5 [l 43 78 14 45 5 1
EGFR % 2 12 3 1§ #1111 7] (EGFR tyrosine kinase inhibi-
tors, EGFR-TKIs ) # i) 25 1) (14 A Ji& , il KU T EGFR
B AR I NSCLC B E iRy 45 )m™ . ki, JLF-Fr
A W) EGFR FE R 5 72 FHPE [ & 8 S 1R 9T 1 4F X
EGFR-TKIs A= 4R A5 PE T 245, SR 5 R % 70 Bl 55 5 ik
EGFR-TKIs T 25 136 57 7 58 i o i AU ) 3 2 40F 58
J7 ),

VIR SEUE S, BELE AR 25 1 A3 T 3E AN R A5
518 MR IR aiBH. 1 EGFR-TKIs i 245 #9 & 4EY ., BT
H 2 (triptolide, TPL ) f2 M H 25 8 28 Tl H 4R U0 B 1 —
WG, B B 2 b v v B AR A
IT 25t 245 75 B — @ W, SR L B PR
ANERE . BEAEAWIFEUESS , TPL Al Jf 5 Z 8 Yy 2e ot 72
CHEAR YA, B B A IR LS 3- B (phosphati-
dylinositol 3 kinase, PI3K )/4K [ i} B (protein kinase B,
SUF Aket) 8 ) OC ZJU D)™ R, PISK/ Akt %55
EGFR-TKIs ffif 25 9 A A= UI A 5™ 0 DA I, AS PR 20 S
T PIBK/AKt it %, LU 25 20 i b 4 G, 9020 2R TPL X}
5% —1C EGFR-TKIs # JE 45 J& AR A5k it 24 i 41 i/ FH &
AN, B 78 A ik — 20 | W] TPL 9 25 #E/E H $e it =
2, IR ON TRl 550 % EGFR-TK s 1 24 £ 43t o€ 1E 36 7
W

1 #F#
1.1 FENEE

WS AT EALES A5G BD Accuri C6 737 20 41
a4 (3% [E BD Biosciences /3 7] ) . XBQ-2H # 41 ffd % 7
AL B A PR R]) \LD-96 A BURHRAL (1L
AR IER BE R A FRA R A
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TPL RS, (35 111567-202005, 413 =98% )y H
rh A 24 R E ST B s AR JE (it 211102, 71
¥% 0.25 g) I H H 74 Kagamiishi Plant, Nipro Pharma Cor-
poration, TPL X & 5 7 B e R S04 T L0
P (DMSO) Hr (e 28 it 1 vk B2 344 100 wg/mL) , Il FH i
LG I 375 5 77 B R 2 A Dy o TR B

RPMI 1640 15 3% 3L H 3£ [ Gibeo 24 A ; B ME %R
fifg T W H 35 [# Sigma-Aldrich 2 7] ; AL P9 BE (propidium
iodide, P15 14 F 46 50 A B HAL A BR A A s MTT
T (HE45 c7062) W [ A6 ST R AR A W E AR A IR A ]
e Ui PI3K p85a FL 7 Bt Bt A (it 5 ab191606) | H Ui
Akt3+Akt2+Akt] F 4] F e FEHTR (iS5 ab32505) (/MR
TR 3L sh ¥ B 1A 25 A8 ) (mammalian target of rapa-
mycin, mTOR ) ¥ 5 [ HL 1A (Hik5 ab87540) | F I il 5 4
FHE H 1 5 %5% 3o (microtubule-associated protein 1 light
chain 3o, MAPILC3A) i 5e Bt 1A (it ab52768) ALl
MAPILC3B £ i & $it f& ( fit 5 ab51520) | Alexa
Fluor*488 #5 ik i) LU S£- Bt % 1gG —$t (4ik*5- ab150077) |
Alexa Fluor*488 #5 i i 1L 3 Ht B 1gG = 41 (it 5
ab96879) ¥ [ JE[E Abcam A H] .
1.3 KIGHRE

A\ EGFR i U8 NSCLC 40 ifs % H1975 (H) EGFR
T790M/L858R %2 742 [ it 24 24 i 5 ) il e Bl NSCLC
4 F H1299 (B EGFR By A= By ARt 25 4 5 ) Y40 H
H 7% Riken 4 fifd /% .
2 FHik
2.1 ZHREEESE

4 H1299 FIH1975 40 fL & T 5 A 10% i 4 M7
L- 2 & Btz (2 mmol/L) | 1% 75 5% 2 -4 85 R AP A1 25
mmol/L HEPES 2% #f % 1) RPMI 1640 5 5% 3 fr | 7€
37 °C . 5%CO. 561 T HF% . Rt i AR KRl 5 FE 35 90%
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B, FH 0.25% JRBEHI AL I FH2 I8 1 3 f0 Lu L ARk a1 3%
B 255 2 AR AR T 5 S50 56
22 TPL.HFIFBREARMABESIT 2 e REY
=2 o]

o H1299 F1H1975 4 i i i 15 7% 1. 60% £ 47 ), BX
A K RUF R A0 DL 2.5 X 10° AN /AL 3R T 6 fLAR P L 78
37 °C 5%CO. 55 T 3R (R A TR o RRdiise
SWEREIS 43 R 28 VA (AL A MR 3R ) AN [a) ik 2
TPLZH(1.5.10.15.20.25.30 nmol/L , 2% X SCHR A
s A R g ) AR AR el (1.2.4.8.,12,
16,20 pmol/L , 2% A 5 SCHRT™ R 52 46 25 R ) LA
7] ¥ F TPL+75 AE ¢ JE £ (5 nmol/L TPL 23 B4 2.5,
10,20 pmol/L 7 JE#5JE , 10 nmol/L TPL 43 HIE4 2.5,
10,20 pmol/L AR , S H M MTT i E45 H i &)
TR 6 N AL FERIEIRI & 25 WAL AR 253
2 HAANELLIE, 555724 48 .72 h 5 , W AR 45 L 40
JmA 5 mg/mL MTT £ 20 pL, 7E 37 °C F % 4 h, fff
FHEEAR LT 490 nm I < A0 46 0 25 FL 1) 6 %5 )2 (optical
density , OD ) {HH- T LU MLAFTE % AUARAF 1S 2 (%) =24
Y120 OD {8/25 140 ODE X 100%., 135 % 465 2 (FE
24,4872 h) I EM IR B2 (1Cs0 ) N5 JEHS Je S Sy
2510 (/EH 48 h) B9 25 P iU $8 §X (sensitivity index,
ST : SI=AX/AY (R H  AX AN MAF IR, AY S 1 5 4 A
SEL) o A SI=1.0, o 4 M X 244 i R PR A ]
SI> 1.0, e 4L XH 254 (i s e v 5 ST<< 1.0, /R 4
Jt XoF 245 0y i U AR SR FH A 25 2107k (Chou-
Talalay ;) 7145 TPL B 5 AR JE A FH 48 h YR & 24
18 % (combination index, CI) : CI=d\/D\+d./D, (X7, d,
Fdo 3 3 R E A 25 B 5 R JE ML TPL (M BE ; DAL D,
A3 Ry S IR FH 2GR A 500 B R J8 RN TPL B
JHEIHREE) o CI>1 R4, Cl=1 NP Z5AHin, C1<
1Ry G 25 BRI 5 LA AZ 52 00 1) 200 B EL 48] (Fa) A i Al A L CT
g YN A B 2 B R, 45 Fa o 0.2~0.8 I £k 25 )
HEL,
2.3 TPLEASZIEERI HIO7 ARAT REAHS %
FImAgte

WA K R H1975 40 L) 2 X 10° AL Fl T 6
UMb, 555 TR AU BE IS, 43 28 AL (A0 4 i A
Ri 20 A% R TPL 41 (5. 15 nmol/L, &% “2.27 1
TERIEE ), HAEE R4 (2 pmol/L, B% “2.2" T N 45
R E) AR TPL+ AR e 4l = kB TPL+5 R
JE 41 (5 nmol/L TPL+2 wmol/L % JF & JE , 15 nmol/L
TPL+2 pmol/L HIEFJE , S5 “2.2" Wi F&5 R E) i
M6 NE L. 3 RIEFRM, &AM AR 25, 25
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FIHAERN TR, 3555 24 .48 h 5 , WCEE 4% 4L 4L, 31815
T 75% L BEH, BE J5 H] % 200 mmol/L Na,PO,
0.1%Triton X-100 &7 i) DNA 2% whi kb B, T LA 5 200
pe/mL AR IR 1 A4 PTG G (o, £t FE 3 = 4 UG
5 2 24 P 80 23 6 SRR A 1 10 o
2.4 TPL5EGFR A FXHESH

M PDB % [ i £ 4 %2 (https . //www.rcsb.org/) Jill
EGFR T790M/L858R % 75 % % B A= 14U 24 it 7= ) ) {1
gERE, 2BRIK AT F IR, 3T AMBER99 J1 37 %) HL ik A7
TR Ak B 5 R F MMFF94s 11374146 TPL )43 F 2544 .
F F MOE 43X 42 85 A/ #5540 TPL Fl EGFR 1Y 45 & o7
A, HET S5 G RHERE R R TPL A4 BT A 45 & 067 25 217 HE
¥, IR PR R AR A R A T4 B R
25 TPL Bk & & 3E & 8 3t H1975 4H Al PISK/Akt/
mTOR & # & BIEH X E A RIEZMAEN

SR T A0 B AR R . HOA K R4 H1975 2 Jif
PL2X 10N ALEERN T 6 fLAR Y, 15 5% , e A NG BE /s 4%
“23VIWU R NIE A T, 53R 24 48 hE  YRAR A5 4 A
JHL, 53 30 P A DR [ 5 YR8 85 % PR 1 2 RS g5 | 9K
J& A PI3K , Akt, mTOR . MAPILC3A . MAPILC3B —
Pt (B B L1344 1:2 000) , 4 °CHEH 178 5 -1 AKA I
THUR R A 1:1.000) 055 1 he il EERR AU
I8 F FlowJo V10 #4434 H i 8 11 9 658 B2 LA
FORHFRBIKE .
2.6 HItEFHE

K HISPSS 26.0 A X ARSI TGe 510 . £y
PLx s 3R, Z 41 SR B 2205 2253 Hr, 4L 18]
Wi HLBCR I LSD-¢ K 56 o A /K 7 a0 =0.05,
3 H£R
3.1 TPL.FIEREARMABKEI 2 FMAMmE Y

spAl|

Wi 5 A J3E 17 14 T AN B[] ) ZE K, TPL L+ JE B Je X
H1975 F1H1299 £ At 348 5 (4 300 iV F i i b ot , HL LA
W AR R B (B 1A (1B) . fEH 24,48 .78 hHif,
H AR JE X H1975 4 4 1Cs 4351 4 15.10,11.67 ,7.31
pwmol/L, XF H1299 4fl g (1Y) 1Cs0 43 71 A 15.78,12.75.,9.48
pmol/L. EH] 48 h i}, 7 JE & Je Xt H1975 4il i 1) ST Ky
0.73; 5 5 8% 15 nmol/L ) TPL I J= , ST 2 %) F1 %2 1.88
2.30, 275 B FH T 2595t H1975 4 i i S50 A B3 5
IEAh, W6 251564 16 F 48 h X H1975 Zi i Y CT /T 1
(Fa2y2}y 0.5) , &7~ P 25 K-G0 H1975 248 i i) 3 58 B
PIMEIAM RSO o E PR 245156 F 6T H1299 4 i i) CL34 KT
1(Fa AT 0.2) , #7251 5% H1299 240 it i) 35 5 -
Jo LR prEAm SR (B 1C. K 1D) .
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A RIFIHEE TPL AR FIASIRI TRI X6 2 B0 41 A7 28 14 5 i)
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<
g D 1 Yrwvusserssrsasesyanes ou ....................
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00
0+ T T T T 1 0+ T
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F Al e e/ (pmol/L) Fa
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D. TPLIEA 7 E R e M 48 hot H1299 41 AE T (1950

E1 TPL.HFIEBERERARMZAERA2MMAMSRENRN(xts,n=06)

3.2 TPLEXAZIEERX HI7AAT REHSH
BRI

H1975 4l a5 55 24 h ok 48 h B, 45 2454 45 40 it 1)
ORI AS 4LE E TR (P<0.05) . A, 525 A4l
545254 Go/G AR i L1134 & 25 7, S I .GoM
(e e i TPL ZH AR 48 h RN FHZH) 40 At i) Fb 31
A%, v B TPL 20 240 o A 0 10 23 S ) 10 A8 38
TR e A B4 B AR e (TPL S 4, ik
156 FHZH PRk BE TR FHAH B A B2 (P<<0.05) o Z52R L 1,
3.3 TPL5EGFR O FXHENT

TPL () ¥ 3 7] 5 EGFR T790M/L858R 78 48 4t fith
Y ) Thr854 5% 3 B il S8 , 45 & X 2 68 | b —6.504

kcal/mol (1 kcal=4.19 kJ) ; fif TPL 5 EGFR %7 1 45 i
PR Z R S, 45 A B2 R i —4.460 keal/mol,
ZEIR LK 2,
34 TPL B & F 3 & B X H1975 4 B PISK/Akt/
mTOR &K BEHEXEBARIENZM

523 A AL, & 29 A 35 57 24 148 h I3 K AH G
11 PIBK . Akt . mTOR (1) 32 1534 i 2 T 941, 1717 ) Wi AH D¢
%5 A MAPILC3A \MAPILC3B () 36ik¥ % #, Hi
WeRE TPL 4 iR T8 A i AR b3 5 AR R Je 4, Bk A 4%
AR S CTPL BRI 2, oy i 82 B FH A A ATk S 1 P 4
I (P<<0.05), 455 LK 3,

R1 TPLEASTIEEZERIHI97T- @B TREEASHSHIIFN(x£5,n=6,%)

41 Si24h S8
T Gy/G, ML hi SHHLH GMEIILHI T Gy/G, ML hi SHIHLH GyM L
SAA 11324225 57.60+4.63 21491260 1071£103 0.16£238 61234821 306415.13 20851391
fif 2 it 2504233 63.1545.04 1631+ 141 9861042 35474255 65204423 2103208 18.73+4.05
Gk TPLA 26431264 64,58 £741° 1261 £5.12° 12484545 35.33£350° 67415252 NI5£500° 18.18£342
FRIETPLAL 38.93£6.56™ 7021£638" 1096+ 458" 1132£2.10 40431243 T461£623" 17724039 1668062
(FColerE TRL KRR AL 46.69+2.64% 77.82+5.26™ 6.6341.04% 7124 1492 50.78 2,30 §5.79 44,73 11.81£3.29% 9,804 244!
BB TPLH A 5124810 85.69 £ 6,42 4431026™ 5,491 0,69 62.54£3.66"* 93,87+ 6,90 7044058 5704028

a: 52 4L H#, P<<0.05;b: 5 AR R 4L L, P<<0.05;c: SR BETPLAL HL 4%, P<<0.05;d: 5 W FETPLAL L4, P<<0.05; ¢ S fIL Ik FEE

TPL+F AR e 4l kbd, P<<0.05,

A HI97541)ig
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H AR R &4 — 1R EGFR-TKIs, ] il i 35 4 Ph 45 &
EGFR %5 4 35 1 (1) i 11 — W% 2 (adenosine triphosphate,
ATP) {7 5011 B L 1% S FR B R L , FH BT EGFR Ir /- S 1915
o BRSO , TR FESURAVE R 20k 2
T EGFR % [H 98 78 BH M NSCLC % 19— G977,
SR R 5L B ow , ZHGRFE A G A AME S kA
EGFR-TKIs i 24 , I B0R 77 ™,

TPL J2& — A HL A 58 Z1 20 i 75 M 00 1 40 i I iR Ak
B, 5 U RS R I S R A0 A
PR, 38 R 38 5% 5- PR ma e U BT 25 55407 24
Yy (47 g U A, DT 4 e AT 28 W0 TR 97 R
ABGE R I, ARl EE 1Y TPL X H1975  H1299 4 it fity 184
BEAT—E AR, LA i ) e BE A 34

AR BAE PPN A 85 25 2 45 A G A LA B
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