TR AR (BRI

J Cent South Univ (Med Sci) 2021, 46(10) http://xbyxb.csu.edu.cn

1045

i

-ARTICLES - -ig

-?'3 B DO 10.11817/.issn.1672-7347.2021.201009
; | http:/xbyxb.csu.edu.cn/xbwk/fileup/PDF/2021101045.pdf

(G =3 =S Q| MNP i) absep T- IR S ik ab 4 a = A1
RiEiE, KM, FEF, BRWWA, T, eaw, e, %
(MR EE AR 22t , LRUA 2 TR RIS L, 28 I 233030)

[ ZE] BR: MiEe R s AR 2 —, JORSERHEE AR 2 B I 2 5 o A /N4 i (non-
small cell lung cancer, NSCLC)#H MIRIEREL R, SR SAEAAEH<15%. YNSCLC KA JRipR2Em, B SEAfF
FALH 20%, 724 % LE VAL FERS I 5 4R A A7 A T R IR ZE 4% BT 3575 )2 (almonertinib) & 30 [ [ W& IF404 B 2134
FERURBET 2, AR R 3 B A2 K 732 14 (epidermal growth factor receptor, EGFR)ME 2 & F4 B il 77 32 22 T EGFR
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ABSTRACT

KEY WORDS

Objective: Lung cancer is one of the most common malignant tumors in the world, and its
lethality ranks the first among many malignant tumors. For non-small cell lung cancer
(NSCLC) patients, due to the high mortality rate, the overall 5-year survival rate is less
than 15%. When NSCLC undergoes local invasion, the 5-year survival rate is only 20%,
and it is even lower when distant metastasis occurs up to 4%. Almonertinib is an innovative
drug independently researched and developed by China with independent intellectual
property rights. As an epidermal growth factor receptor tyrosine kinase inhibitor,
almonertinib is mainly used for locally advanced or metastatic NSCLC patients with
epidermal growth factor receptor (EGFR) T790M mutation. This study aims to investigate
the effects of almonertinib on the proliferation, invasion and migration of NSCLC cells in
vitro.

Methods: NSCLC cells HI975 and PC-9 were cultured in vitro. The effects of
almonertinib on the proliferation, apoptosis, invasion, and migration of H1975 and PC-9
cells were detected by CCK-8 assay, apoptotic assay and Transwell assay. The expression
of invasion and migration related proteins was detected by Western blotting.

Results: The CCK-8 experiment showed that almonertinib inhibited the proliferation of
H1975 and PC-9 cells in a time- and dose-dependent manner. The IC,, values in PC-9 cells
at 24 and 48 h were 5.422 and 1.302 pmol/L, respectively. The IC,, values in H1975 cells at
24 and 48 h were 4.803 and 2.094 umol/L, respectively. Almonertinib (1, 2, 4, 8 umol/L)-
treated PC-9 and H1975 cells for 24 h resulted in apoptosis rate at (8.82+3.22)%, (9.53+
4.24)% , (13.62+£3.69)% , (42.10+£1.76)% and (9.81+0.90)% , (10.51£1.49)% , (15.34+
3.50)%, (28.97+2.57)%, respectively. The transwell experiment showed that almonertinib
inhibited the invasion and migration of H1975 and PC-9 cells. Western blotting showed
that compared with the control group, the expression levels of MMP-9, MMP-2 and
vimentin protein in PC-9 and H1975 cells in 1, 2 and 4 pmol/L almonertinib treatment
group were significantly lower, and the expression level of E-cadherin protein was
significantly higher (all P<0.05). The experimental results of nude mice showed that
compared with the control group and the positive control ositinib (AZD9291) group, the
tumor growth was significantly inhibited, the weight of nude mice, the tumor volume and
the tumor mass were significantly reduced in the almonertinib treatment group (all £<0.05).
Conclusion: Almonertinib can inhibit the proliferation, invasion, and migration of
NSCLCH1975 and PC-9 cells in vitro and vivo, and promote the apoptosis of H1975 and
PC-9 cells. The underlying mechanism may be related to the inhibition of tumor cell
epithelial mesenchymal transformation and metalloproteinase expression.

non-small cell Iung cancer; epidermal growth factor receptor tyrosine kinase inhibitor;
almonertinib; proliferation; invasion; epithelial mesenchymal transformation
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FEPR I . NSCLC WAL R 5w, S SAEAETE
H<15%. Y NSCLC KA mEBiRZERT, B3 SEAAF
RAUHR 20%, 1024 K AE LA RO S A A AF R BERAR
4%, S FHENAIT R AR NSCLC W98 i i 2
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2% [ A K W F A2 1K (epidermal growth factor
receptor, EGFR)Z % M HALIATENSCLC &L . &
Jo W P AR B 7 T 473 A A ), EGFR KRR
A ECE R IR oG R & A . LR EGFR 9872
f1% 3 B2 A 4K PR 52 1 i 0 TR 3 it 410 11 77 (epidermal
growth factor receptor tyrosine kinase inhibitors,
EGFR-TKIs) O % iiE SC 7 i . FLARIET . 25t
S5 22 Fh 28 AU o g v U A I TR T ARSCR TR I R T
Z A . EGFR-TKIs (1 32 2 /E AL 2 38 2o BH B
EGFR 731 N B VKB RY A B2k, i EGFR —
RIRBIE NS EGFR B0, JEMFLIE MAPK . AKT
HIINK 4530 BRI AE 556 5, DA A HR 30  Jiv e 4 A=
V-8 D N C AN - NI 0 AN | K= BN WSS [
A0 i T AR Bn) € 4% JE (almonertinib) f&—Fh LA
B F= 5T /Ny T EGFR-TKI, AT # [ EGFR %
PR TEEN SR, BTSSR JE X NSCLC 4 ffl it
B 1= 28 BE 1 A M FH 1 R A SCHRHRGE . A 5T LA
NSCLC PC-9 F1H1975 ZHMIVE A WFFER R, WEEFT S
Bl r IG5 . 228, RSN, JHE
WIHAR R AVE LA

1 R 5IE

1.1 ZHREERFAEN4

A\ PC-9 4 Jifi ¥k (EGFR-Del 19 28 75) I 15 N 5% %2
YR ARABRAE, A H1975 48 i k& (EGFR-T790 %
A A m s EHE A R A R AR . SPFZ% BALB/C
#EL(No. 202017845) 1 FI - SCHr 52 55 2h ) A BR

/N8

1.2 EZEHA

Bi] 56 5 Je M UL IR S AR 250 A BR S W] 77 b s E-
cadherin, &) 4> J& £ F ¥ (matrix metallo-proteinase,
MMP)-2., MMP-9. Vimentin I B-actin Hi 4341 [ &,
W EIEAEYEARA IR ;. RPMI 1640 1 71 F o
FE PR CHR B A PR A F] BG4 05 1 F WK
TR A A BR 2w 5 CCK-8 4 4 4 157 &
Annexin V-FITC/PLiff & . Transwell /N2 | [T 4
METHACT . 10075 55 3R -HE R R IA WL . RIPA 27U

oK H KL B BE S (phenylmethanesulfonyl fluoride,
PMSF). BCA & [ B i U0 & 34 B A e
By EYH ARG R AW

1.3 ZHAatE3F

PC-9 F1H1975 4 fl 42 Fh T 10% i 4 1L i Fl
HR K 1x10°U/L, £ % K 100 mg/L () RPMI 1640 55
FRFerp, BT 37 °C. 5% CO, MR R e IR S 3540
TG FR . TR SRR AT A K I At

1.4 CCK-8 & MpaTEEE

WA B X RO RSO AR K 1 PC-9 FITH1975 4 Jifd
FHAN BB T8, VA8 20 %% B & 5x10°4/mL,
R 96 LAk, BEFLINA 100 pL 0B, BT
37 C. 5% CO,MyEEITFAE T, FraifliiEfs,
BeALP R A BTSEE (0. 1. 2. 4. 6. 8.
10 pmol/L)AY RPMI 1640 15 353k, F R BERE 54
2L, REEE 24, 48 hith, F4LANA 10 pL CCK-8
B, wE, BHT37 CHERATE 2 h, AR
D7 450 nm AL WOGRE, 2590t A A 2
Py il =) B ZH OD {H - 5L 55 20 OD {H)/% i 41 OD
B *x100%. #E— 25155 H 24 90 4 2 B30 ) e B (half

inhibitory concentration, ICy).

1.5 Annexin V-FITC/PI Xtk 4 N 48 AeA 1=

¥ PC-9 FIH1975 40 i 47 2 6 LAk T, AL
A2x10°A4IM, FRMASE R FRIE, FRAiiEm AR
9 70%~80% i, MR RALN KGRI, T B A G
O, 1. 2. 4, 8 umol/L)f¥2 mL RPMI 1640 557
. BFE 24 ho YEE S}1O° I TR A T,
I PBS I YEANAL, 1000 r/min #.0> 8 min, F [¥F,
JIIA 200 pL 1xAnnexin V 45 &5 W 240, A
3 pL Annexin V-FITC, # T7K FW## 15 min, FAIA
SuLPIHLEE, RRERIRS), #%. vk EiFE 10 min;
JITA 200 pL 1xAnnexin V&5& W, 182, FEMELR
DAL FH e = A A SRS

1.6 Transwell (225216

£ Transwell |- 2 T A 50 pL 2L TG, # T
37 CHEIEAE I E 30 min, FRIREERE . WdE PC-9 il
H1975 4001, FHJCIMLHE RPMI 1640 5 55 LM% &4
F[SERJE(0. 1. 2. 4 pmol/L)HI4RMLER (2% 10°4Y/mL),
SPAIC100 pL A B35 FEIAE 10% G4 il
MG SR 600 L, AR E2NES, LREL
39K K5FE48 h G BUH Transwell /N, ok e FHARAS
R RSLNR EJRANM; T 4% 223 W R I [ E
g SR R Y (5 20 min. SR DGE RS B

15 min,
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BE(x100) P HAUR R EFALIE N2 A1, BREA
WEE S AET, BOFHMHE.

1.7 Transwell 3T & L16
IG5 7F Transwell | 25 PN 4 3L 0 i,
[7] 1.6

HAx L5

1.8 FEHREDITES:

1 PC-9 FITH1975 20 MI5Fh 28 B2 4 100 mm (Y%
FRILA, YN RS B N 70%~80% Bf, i A B 568
JEO. 1. 2. 4 pmol/L)4Zb3, 24 h J5 & HUE T,
BCA & 88 H BT B2 . A SDS-PAGE & [ -+
B, FEAMIRA), T 96 CHNER S min, AR THEL
230 pg BAEALTK, SRANBH LT 2 PVDF
JIEE, B B ATV B 4] 20 ming 5 PR R 31 5 )
PVDF &, fIAXIR BHUIR, 4 CREIR . BEF K
KH I TBSTAEZ IR FIEVE3 K, %K 5 min, /il HRP
PRCH =90, fERRTFHE 1h, BEAEBL, KA
Image J 53T 45 IR BEAH -

1.9 R
B H1975 s .o, FPBS k%, FHEF T
117 RPMI 1640 35 52 3. 48 J5 K A0 (3% 1004/ H)

120

Bl 24h

100
o, B 48h

80
60 . P

40 x

PC-9 cell viability/%
%

20 s 3

0

0 1 2 4 6 8 10
Almonertinb/(umol-L™)

H1975 cell viability/%

TR 4~6 SRR KT o R A 22100 mm’,
BEMLAY 34, RAsSH, #5702 mL ZH I
. 5 mg/kg AZD9291 F15 mg/kg FIE#: e HE s , 452
KW o BTG i W DU BRI T AR g A/ N e
R <5872, #A RS 21 do BT shts
Y2 i I 2 A B S g sl W s S R & s it HE (R
FEHIEF[2020145 36 9).

1.10 SEit2Ehbie
J3 F Graphpad Prism 7.0 3 {45t B 46 2045 48 2%
SIHTIHERL, T TR A bR i 25 (ees) R, 2
H IR T T 22 /0 L LSD-1 K536, P<0.05 25 5+ A
Ayt L
248 R
2.1 FIEERME PC-9, H1975 HAAmILTH
CCK-8 54 R b7 . WA 24 Wk B 1 165 o
IF ] A SE K, AT S 2 X PC-9 1 H1975 20 Jifd 4 461
YERZ R (& 1), AT BRI A . PC-O4H
124, 48 hi¥IC, [H5 4 5.422 F11.302 umol/L, H1975
{124, 48 hiYIC, fE537174.803F12.094 pmol/L,

120 1
Il 24h

o B 48h

80 x
60
40 % %

20 E *

0

0 1 2 4 6 8 10
Almonertinb/(umol-L™") A

Almonertinib/(umol-L™")

H1975

PC-9

B 1 fEERINE PC-9. HI1975 fApaILIHE

Figure 1 Almonertinib inhibits the proliferation of PC-9 and H1975 cells
A: Histogram of cell viability of CCK-8 experiment, *P<0.05 vs almonertinib (0 pmol/L); B: Cell proliferation is observed under

microscope at 48 h after culture.
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2.2 MEERIFESPC-OFIHITS HRLAT

TS A M AR 25 57 . H1975 4il gt BE 2 A 44
MUE TR 4 (6.05£0.11)%, 1, 2, 4, 8 umol/L i 3&%;
JEALIRLE A3 50149(9.8140.90) %, (10.51+1.49)% ., (15.34+
3.50)% . (28.97+2.57)%. PC-9 4 Jid X+ B8 21 11 240 Jfa

23N (3.60£1.50)%, FIEEJE(1. 2. 4. 8 pmol/L)
b BEZH 23500 R (8.82+3.22)% . (9.53+4.24)% . (13.62+
3.69)% . (42.10£1.76)% . 5 xF AL AH L, Bifi ol 56 5
JE 25 FERG I, PC-9 R H1975 40 g I T~ i 251
fn(P<0.05, #2).
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5 -1 C-A i -1 C-A i
—

gé 10° = g gé 10°F~ %5 10°

o o fio7
o EET 10 | EET 10} 285 100
[l Q B Q QO
o 2T . # ST 3 ST 3
= :I:.<~t~:.5]0 3 ?1:"'5]0 ?‘<'€ 10
T <3 102 oy 22 10 =]

52 ORMIL.L 55 ORMEEL.LL BT 0
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50
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(==}

PC-9 cell
apoptosis rate/%

—_
(=)

[=]
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2 FEERIHFSPC-FHI975 HALET
Figure 2 Almonertinib induces the apoptosis of PC-9 and H1975 cells

2 4 8
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- ET _10%F= 232
o
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s Gy QL9 4 QL9
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- =l 22 10°F 22 10°p
iz o
3 285 100 26T 104k
AT 13 AT 13
2 ! A<3S » A<3 »
10°F 2 g~ 10°F o g~ 10°F
o2 0 B ol o o2 0 R ismeer =
©3 0 10° 10° ©F 0 10° 10°
Como-I-1IC-A: Como-I-1IC-A: Como-I-1IC-A:
I-1 C-A I-1 C-A I-1 C-A A
50
£ 40
=8
58 30
w2
538 20
T &
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Almonertinib/(umol-L™") B

A: Apoptosis of PC-9 and H1975 cells treated with different concentrations of almonertinib (1, 2, 4 and 8§ pumol/L) by flow

cytometry; B: Histogram of apoptosis rate, *P<0.05 vs almonertinib (0 umol/L).

2.3 PIEERHNE PC-9FI H1975 4RARERS

Transwell TR I IR L5 R s . H1975 i Xt
HEZH A 40 i IR R BN 206.67+30.55, 1. 2. 4 umol/L
B & 5 Je &b BE 41 43 93l A 80.00£10.00, 38.67+5.51,
19.67+4.72., PC-9 21 il X B 21 %) 40 My iF %% %00
353.33+£50.33, 1. 2. 4 pmol/L B &% J& 4b 3 2H 43 |
$202.67+16.16. 136.00+26.23 . 62.67+8.33, X R
HAH L, Bl BT 38 Je 25 1 vk FE 0y 3 in, PC-9 I
H1975 ARSI R 34 258N () P<0.05, #13).

2.4 FUEERINE PC-OFIH1975 HAELE

MR 2S5 R BoR . H1975 41 i X FE2H 19 40
MR ZEECR 171.33+£37.75, FISEEJE(L. 2. 4 pmol/L)
b BEZH 43 5N 67.00+8.18 . 37.00+£6.08 . 22.00+4.36,

PC-9 4 %f HRZH 1 4 i 1= 225k 300.00+20.00,  Fif 58
BJeA. 2. 4 umol/L)AbH4H 43 4l N 162.00+11.13
132.00+8.00, 35.33+5.03. SXFHAZAALL, BB SEEs
JE 25k FE (38 AN, PC-9 FIH1975 41 it 1= 28 41 i) 5%
g R4 P<0.05, K 4),

2.5 MEZREX PC-OMHIOS HANEZE., THHEX
BEARFIEHRIT

FEEELDELS R s SX M, 1. 2.
4 pumol/L Bif 3 #5 J¢ 4b ¥ 4 PC-9 F1 H1975 44 il
MMP-9, MMP-2 Fl Vimentin & [ 3% ik 7K 3 15 Wl [
i, E-cadherin £ 1 % ik /K F B & T+ & (35 P<
0.05, K&I5),
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PC-9 cell
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numbers/fields

4
(=]

(=)

0 1 2 4 0 1 2 4
Almonertinib/(pmol-L™") Almonertinib/(umol-L™") B

B3 R RHIH PC-9FH1975 AT
Figure 3 Almonertinib inhibits the migration of PC-9 and H1975 cells
A: Crystal violet staining results; B: Histogram of the number of cells stained with crystal violet through the loculeis, *P<0.05 vs

almonertinib (0 pmol/L).

Almonertinib/(umol-L™")

400

% )
=3 300 =%
g€ S
o & 200 w7
oL =2
£ E 100 TE
=

= g

g 0 1 2 4 0 1 2 4
Almonertinib/(umol-L™") Almonertinib/(umol-L™") B

B4 FIEERINH PC-9FIHI1975 HAEEE
Figure 4 Almonertinib inhibits the invasion of PC-9 and H1975 cells
A: Crystal violet staining results; B: Histogram of the number of cells stained with crystal violet through the locule, *P<0.05 vs

almonertinib (0 pmol/L).
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0 1 2 4 0 1 2 4

o et [ A -
Vimentin ——— Vimentin ﬁ
MMP-9 el
wve-2 [ S S S | MMP-2
B-actin [ G, Bractin [ [ ———

m 0 pmol/L = (0 pmol/L
5 12¢ = | umol/L g 1.5¢ = 1 pmol/L
‘2 = 2 umol/L 2 E = 2 pmol/L
9] o
5 09l T 4 pmol/L é‘ 1.2 4 umol/L
- o 09
3 06 2]
S % S 0.6
8 T ¥ S
£ 03r ¥ 203
£ E
& 0 - P g 0 - T

E-cadherin MMP-2 MMP-9 Vimentin A E-cadherin MMP-2 MMP-9 Vimentin B

5 BARETRMEE. TBEXERRTEPCOMHI9TS5 HEFHRE

Figure 5 Western blotting to detect the expression of invasion and migration related proteins in PC-9 and H1975 cells

A: Expression of invasion and migration-related proteins in PC-9 cells; B: Expression of invasion and migration-related proteins in
H1975 cells. *P<0.05 vs almonertinib (0 umol/L).

2.6 P RIME H1975 Pk i & K BEAh, B E iRy AL BUA TR (K 6B), i {4

B H1975 ZH A4 48 21 BALB/c B BRI, 453K AU N (8 6C), g B & s B W 9 5% (141 6D).
B e 508 IR 2EL P X T B B (AZD929 DAL R LS UREAR (S5 A - UL (HE) e (0 (5 /s B 55 45 J2 a7
B, B 92 % 2 3A 7 4 e AE K ol 25 I (1] 6A). A TR E (& 6E) .

24 2000
-e- Control
22 + & - AZD9291
2 £ 1500 -a- Almonertinib
< )
2 201 £
= 2 1000}
ool HHBBRDEO s g
=3 9]
AZD9291 & . M -e- Control =) |
te2wa 16} - Azpo2ol 2 0
Almonertinib | % BB o o o W moneitinib .
_ 7 9 11 13 15 17 19 21 7 9 11 13 15 17 19 21
A Days after tumor implatation B Days after tumor implatation C
Tumor Liver
Control
1.5
20 1.2
£ 09 AZD9291 |-
‘g 0.6 * .
£ 03
» N 0
&o 0,'19 (&‘x Almonertinib
¢e ?3)0 &Q&
w D E

Elo PEZERXHI975RRBEBEEKAMEIER
Figure 6 Almonertinib has an inhibitory effect on the growth of H1975 transplanted tumor in nude mice
A: Representative tumors in each group; B: Body weight of mice; C: Tumor volume of mice; D: Tumor mass of mice, *P<0.05 vs

control; E: Liver, kidney, and lung tissues of mice.
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34T it ELA R a9 4T Mg 250 5 L X JH At B 45 140 57 IV 4

il g6 S A ERIEE M AU T R B RN, 24K
— ELAR R IR [ DL AE B SR A D AE T TR R A
TE& R 25 A | NSCLC 5 i, K4
BRI IZWiR O 455, S8 IR F R ey
JEE K. Ik, XTNSCLC#B#H, AR i
TR R Z2R s (A TS 1 = Z s,

AT AT PR L R RN ZIN T R e L
W | 1 R S RYT ik 2 — . /T EGFR-TKIs,
mEAEH R ML EE L, B 4% EGFR % 48
NSCLC 834 0 B w367 Jr k™, R, 5451, 218
EGFR-TKIs 7¢ fifi FH— Bt B[] J5 , B AS ] st fe b 2
XA 2, e B R A & T790 284E . Bl
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