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(# ZE]1 BH: HHEDEIE (NSCLC) AS49 4 g 3 AR F 1 M A MY C 35 [H] 28 28 75 75 75 b
WM 25 B R, F B I AR AL . ek R 2 mg- L' PEAb IS RFEEVE A ASA9 410 (A54941),
M 25 40 M bk AS49R (AS49R4L), Ff4#5 si-NC Ml si-MYC #5Ye Z AS49R 4N, 1F°M si-NC A549R 4]
M si-MYC AS49R 4 . KA CCK-8 LM Rk EE (0. 1. 2. 4. 8. 16 M 32 mg-L™") ¥ 4 fih 1 Xt
5 2L 40 B T o 2, I A R RS D A A A A T B SR F R (RNA-seq) Al A 3B 5 3k
WAHE R (KEGG) {55 18 I 5 44041 AS49 240 Jx ASAOR 4L 40 i rf i 22 S Rk JE X, SR 36O
H# PCR (RT-qPCR) K A549 2 F AS49R 20 41 M v 3 R 41 A B 1 A o6 3 R A A8 42 6 2
(MSH2) . #iE & KK 6 (MSH6) Hl DNA & X & 1 RAD50 (RADS50) £ ik /K, Western
blotting 7&Kl 3£ A A Fa g PEMISCE A MYC g N (MYC) MBifRibAEH (YH2AX) My £k
KA, et s L UEE (ChIP) ¥4I RNA pol [T Al yH2AX 7E MYC JE K A& #EFLE, PCRE
P HEF KL ASAOR A0 MY C 3 [H 288 1 08 o 452 : 5 ASA9HILEE, 2. 4. 8, 16 M 32 mg-L™ "1
Ml S ASA9R 2H 40 0 ) R R A% (P<<0.05), 8 mg-L ™3 P/ 5 4l A TR A (P<<0. 05).
5 AS49 4 A, ASAIR AL P A7 234 > mRNAs ik K FETHE, 2050 mRNAs kK EREE, 3
rRARTC S B A E ] (MSH2 1 MSH6) . RADS0 FIMYC 5K 0 B I (P<<0.05), KEGG 15
O B R T, KRR TS R S AU R % 2 . mRNA W& £ A DNA & ] (5 5
WK, 5 ASAOH LH, ASAIRZZMIT MY CHIyH2AX KK TF e (P<<0.05), ChIP B4,
RNA pol 1T #l yH2AX 7E MY C 5% 58 4 57 55 e exon 2 1 & £ FEEEHE A, MYC exon 2 EfF7E G254A JE
278, 5 si-NC AS49R 2 4, si-MYC AS49R 41 40 ffd tf MYC mRNA Fl & [ % Bk FREE (P<
0.05), 2. 4. 8. 16F132 mg-L ™' P4 M= AE FH 5 si-MYC A549R 41 240 o 3 1 % T+ (P<<0.05), Zifi)d
TR (P<C0.05), S5 X3 PO M It 25 9 NSCLC 40 i i AS49R P 41 A Fa s vE e fin, MY C 3
M & A g8 A N1, TR MY C AT UK ASA9R 4 i XoF 75 P4l V5 1% S50 sk
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ABSTRACT Objective: To discuss the effects of genomic instability and MYC gene mutation of non-small
cell lung cancer (NSCLC) A549 cells on the resistance of gemcitabine, and to clarify the mechanism.
Methods : The A549 cells were continuously treated with 2 mg-L™"
establish the resistant cell line A549R (A549R group) , and si-NC and si-MYC were transfected into the
AS549R cells to regarded as si-NC A549R group and si-MYC A549R group, respectively. CCK-8 assay

was used to detect the inhibitory rates of the cells in various groups after treated with various concentrations

of gemcitabine (A549 group) to

of gemcitabine (0, 1, 2, 4, 8, 16, and 32 mg-L™") ; flow cytometry was used to detect the apoptotic rates
of the cells in various groups; transcriptome sequencing technology (RNA-seq) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) signaling pathway enrichment analysis were used to identify the differentially
expressed genes in the A549 and A549R cells; real-time fluorescence quantitative PCR (RT-qPCR)
method was used to detect the expression levels of muts homology 2 (MSH2) , muts homology 6
(MSH6) , and recombinant DNA repair protein RAD50(RAD50) in the A549 and A549R cells; Western
blotting method was used to detect the expression levels of genome instability-related proteins MYC proto-
oncogene (MYC) and phosphorylated H2AX (yH2AX) in the cells in various groups; chromatin
immunoprecipitation (ChIP) was used to detect the enrichment of RNA pol I and yYH2AX on the MYC
gene; PCR method was used to amplify and detect the mutations in MYC gene in the A549R cells.
Results: Compared with A549 group, the inhibitory rates of the A549R cells in A549R group treated with
2,4,8, 16, and 32 mg-L71 gemcitabine were decreased, and the apoptotic rate of the cells after treated
with 8 mg+L ™! gemcitabine was decreased (P<Z0.05). Compared with A549 group, a total of 234 mRNAs
in the cells in A549R group were upregulated and 205 mRNAs in the cells were downregulated, and the
expression levels of mismatch repair-related genes (MSH2 and MSH6) , RAD50, and MYC were
significantly increased (P<C0.05). The KEGG signaling pathway enrichment analysis showed that the
upregulated genes were mainly involved in non-homologous end-joining, mRNA surveillance pathway, and
DNA replication signaling pathways. Compared with A549 group, the expression levels of MYC and
YH2AX proteins in the cells in A549R group were increased (P<C0.05). The ChIP assay results showed
that the enrichment of RNA pol I and yH2AX at the MYC transcription start site and exon 2, with a
G254A mutation identified in MYC exon 2 was increased. Compared with si-NC A549R group, the
expression levels of MYC mRNA and protein in the cells in si-MYC A549R group were decreased (P<C
0.05), the inhibitory rates of the cells after treated with 2, 4, 8, 16, and 32 mg'L71 gemcitabine were
increased (P<C0.05) , and the apoptotic rates were increased (P<C0.05). Conclusion: The genome
instability of the A549R NSCLC cells resistant to gemcitabine is increased, and the mutations and
amplification occur in the MYC gene. Knockdown of MYC can restore the sensitivity of A549R cells to
gemcitabine.

KEYWORDS Gemcitabine; Cancer, non-small cell lung; Genomic instability; MYC augmentation;
MYC mutation
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HRREVHEARFRAF, NEXTflex Small ¥ 3
HIMFF A (RNA sequencing, RNA-Seq) Kit v3
5 B 3 & PerkinElmer 24 H], PrimeScript RT Kits
3 %% 5% 3R ) & F1 Lipofectamine™ 2000 Wy H € [
Invitrogen 2% 7l , Y& {0 5 e 2% 3L UL € (chromatin
immunoprecipitation, ChIP) Assay Kit I H 3% [
Millipore 2 7], si-NC. si-MYC F1 CCK-8 i 7 & 4
HRMNEBEYREARAA, REKAEN
H2A F % W 5t (yH2A histone family member X,
YH2AX) $ifk. GAPDH #ilk. MYC J5 3 A
(MYC proto-oncogene, MYC) Hi4& 1 RNA pol I
PR [ € E Abcam A F], TRIzol i3 il RIPA %4
R B SR AR TRRA R AR i 40
0 (W5 . Atune CytPix) 1A b5 {X (5.
Multiskan SkyHigh) 1 [ 3¢ E Thermo 2\ w], 5L}
¢ )6 5 8 PCR (real-time fluorescence quantitative
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1.2 @REFEETHEEFGEEGHE

WINT 10% B A 1% H R R - R M
DMEM $5 55 e K5 3% AS49 400, e T &4 5%
CO,. 37 CHysEFRAI T, 20 8 K % B ik 31 80 %6
BF, ZHiRE R, SR A KA PBS 2% 5 Uk 3K
Jei . RS T AL T A 2 min, B FREEZORT AL,
1 000 r-min™" B .0 5 min U5 40 i J5 i A 5 3% L &
P NN o v e S N [ 7 R IR (IR i
ASAO A 1 JH )5, 2 mg- L7154 UG L I 0 15 9% ik op
KARSTAMIFE T, B /N 53 T 240 I 5 AT 35 30
Fige, ASA9UHMIFFLL45 25 1A, i 4 4i il 4w 44
o AS49R, B J5 5 1E B IR B AS49 4 AT IS 2k
XJ S
1.3 et FER 54 A ASLOR 4053k si-NC
AS4LIRH M si-MYC A549R4H . 8 Lipofectamine™
2000 WA 5 20 BEIEAT 55 G . IR RE 20 i BOF 2 R0 T
6 FLAN M BT IR, i FH N & i AR 3R 0 o8 4 s R R I
I, il YL A AE KO IR 7000, il 45 si-MYC
H5IEFEEME A, RS & JC T AE R0 si-
RNA (si-NC) SHFEEEZ S5, ¥Z5% 550
A si-NC A549R 41 1 si-MYC A549R 41 1 6 FL 41 fif
B R ARNL AL, #RBIIR A, 5~6 h ] 3w 41 g s 5%
B, PBSZE W VER AN 2k, EHh DMEM %
FHE, 24 hJG BT FW, 48 h)G AT eL s,
1.4 CCK-8 % # M A549 #= AS549R 28 f& 4w 4] %
X $5 A4 K AS49 F1 ASA9R 2, 14 %E 41 i
%5 8 AL 5 < 10" 20 B 42 A T 96 L A A 3 TR AR
ST 0. 1. 2, 4. 8. 16 F132 mg- L~ 7 PG 1
AN 24 he S5RJE, BALINA 10 pL CCK-8 4k 4%
i 4 b, SR FH AR ASCAE 450 nim 9% K A 46 0w 56
(A) . AEmfR= (1—%& "L AHE/ XK
FLAME) X100% , 43 4l 2 Fk 4 i i) ik 2 - il
oM £, 3k 8 ok B vk B (half maximal
inhibitory concentration, 1Cy) o 4 ffd ¥ 25 #§ %«
(resistance index, RI) =L 4 1C.,/%F B 4AH 1C.,.
ASAOR NG BRAF 05, IC, RFFEE . RN
ASA9R 4 A4 2 B )
1.5 RNA-Seq & fo & # 12 & % & # A549 #=
AS4OR ta e 2 F £ KA X B TRIzol 3% 2 B 40 i
BY & RNA, ffi § NEXTflex Small RNA-Seq Kit v3
14 400 ng RNA #4716 4~ PCRE &, B AL il 75 A%
Small RNA-seq 3 & . 7£ Illumina Y NextSeq 500
ARG HEAT SCEEMY , 44K 50 bp R LA, DA
miRBase 20.0 5% % , mirdeep2 fll srna-tools-cli 4k
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TF T 3R BUS 7E miRNA Il —geghi " i
Benjamini & Hochberg J7 /% P . BOAEM T,
P RCIE R PAA 0. 05 3% B o I 35 25 55 Rk 19 B (H .
R ERNSEXEHFNA R 2B (Kyoto
Encyclopedia of Genes and Genomes, KEGG) #(#
B (RHE: https: //www. kegg. jp/kegg/keggl. html)
Gy b 2% S AN 2 5 (5 Sl i .

1.6 #X #me KA A A549R 48 .si-NC A549R 48 F=
si-MYC AS49R e sm i B = % S mg-L ' MUl
AhFEAC A0 12 h, FH W% 9 PBS 28 b W TE Uk
2, 1000 g®& .05 min, YWAEANMIFES, Hl
BN RS, A S pl Annexin V -FITC
5pl PI, iR (25°C) # W HE 20 min, Rf/5 &
Tk R SGHEA TR, ML TR =
Annexin V' FH P20 %5/ 40 g 40< 100% .

1.7 RT-qPCR*xEME A FHREEZER
(mutS homology, MSH) 2, MSH6.DNA % £ & &
RAD50 (recombinant DNA repair protein RAD50,
RAD50) \MYC & #& & B # % = # 42 & (MYC
proto-oncogene-transcriptional start site, MYC-
TSS) ##= MYC 4t 8 F+ 2 (MYC proto-oncogene
exon 2, MYC exon 2) mRNA % i£ K F i /i
TRIzol ¥ Y £ & 40 B A1 41 21 RNA, 2R 5 ffi
PrimeScript RT Kits ¥ % 5% 177 &K RNA ] £ 1
¢cDNA. >k H Mx3000P £ B PCR & 4t #F 17 RT-
qPCR. RT-qPCR J i & : 94 °C. 155, 60°C,
10s, 72°C, 20s, A0, R 27 kit 1T
oy 4 M, L GAPDH A N . 51 W ¥ 9.
GAPDH L1514, 5-AATGGGCAGCCGTTA-
GGAAA-3', GAPDH Fif#51%, 5-GCGCCCAA-
TACGACCAAATC-3; MSH2 | % 51 ¥, 5-
ACCAGGAGGTGAGGAGGTTT-3', MSH2 T iif
51 ¥, 5-TTAAGGGCTCTGACTGCTGC-3;
MSH6 | i 51 %, 5-CCCCACCAGTTGTGAC-
TTCT-3', MSH6 FiiF5|%, 5-TCTTCCGCTT-
TCGAGCAACT-3'; RADS0 & ¥F 51 %, 5-
GCAAGCAGATCGCCATCAAG-3", RAD50 Fiff
51 ¥, 5-GGGAGTAAACTGCTGTGGCT-3;
MYC L5, 5-GCAATGCGTTGCTGGG-
TTAT-3', MYC FiE514, 5-TCCCTCCGTTC-
TTTTTCCCG-3'; MYC-TSS E##5I %, 5-AT-
TCCAGCGAGAGGCAGAG-3', MYC-TSS T iif
51 ¥, 5-CAAATGGGCAGAATAGCCTC-3;

MYC exon 2 51, 5-ATTCGAGCTGCTG-
CCCACCC-3', MYC exon 2 Fi#iF51#¥, 5-GTCA-
CCATCTCCAGCTGGTCG-3',

1.8 Western blotting 3 #& @ & 48 48 &, F MYC F=
YHZAX &G £ X K-F i/ A B)E, BRI
PBS 22 s vk 37k, RIPA % Wk vk b % f#
30 min, WHEAHMMEAEMY , o EWE B
W . BCA B 1 it 3 0] & e FF 3 1 R
IMAE AR R, &5 min, T4 CHKAMF
TR o MR BT R 25 R AL B AE 10 pg
EH, #17SDS-PAGE fiyk (fHE 200 V., 45 min)
G, SRIEKEE i E% 2 PVDEF B (fH % 300 mA
60 min) . F& 5% BiAg Wk = iR E A 1 h, JmA—
PraCmEdn, 1% TBST ¥ S min X3,
AL I E R B E 1h, 1% TBST YK
8 min X3 W ., M A ECL & f i & )5 6. R
Image J# AT 554 E R0, IFR HE AR
KK, HWE A RBAKE=HM&E A SW KE
{H/GAPDH 2 1 4717 K EE{H

1.9 ChIP 4 & RNA pol Il # yH2AX /£ MYC-
TSSZ MYC exon 2 Lt 5 £ E ffi /] ChIP
Assay Kit #17 ChIP 525 . 40 I 7E 100 mm 4 it 15
FEMR P ARKE 80 LG, HHEH 1% FEER 4
JitL 855 3% K 7E %05 F #E4T 10 min B9 2 H AT DNA (1)
WK dE R M UK e 5T B AL B0 IS 200~
500 bp, #&J5 43l R H — . (RNA pol II #i
YH2AX) HATH & R ZEUITE . W B s W 2k 78
B N LS G R SRR, SRS FH R 6 i 45 Y
Ve 2% sl (1% SDS M 0.1 mol-L™" NaHCO,)
VERL, SRIGTE 45 CTFIMAE AN K Mk 1 hisifesg
B K52 M4 A 1 DNA BB 17 s viiE, #
LUK JE 24k H ) DNA, % DNA #47 qPCR A .
1.10 A54948 4= AS4OR A MYC £ B ® T #
ol RECASA9 H A ASAOR H AR L N4, Z4E
ATAEY TR (B BBARAFRNMYC R
HEAT PCR Y™ Kl fy, )3 25
PEFEAT HEXT

111 %# %44 KA SPSS 19.0 40 i1 # 4 A
GraphPad Prism 8. 0 # {4 ¥ 47 548 G 11 2% 4y B Je 22
K., 49 RET-%, MSH2, MSH6 fl RAD50
mRNA 357K F, MYCH Fl yH2AX & 11 % ik K
-, RNA pol I fl yH2AX 7E MY C JE [H F 9 &
TR A IES A, LlotsF£awR, L4 kA

i 17 SnapGene K
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WA, 2. 4. 8. 16 F132 mg- L' BB A R E owf
AS49R 4 41 g ) A FEAR (P<<0.05), 7 Pl i i . ! .
XF A549 4 i Al ASA9R 4il L i 1C,, 73 %1 24 10. 86 K L 2 4 & 16 w2
21.06 mg- L', AS49RRIH 1.93. ﬁ}fﬁ 8 mg.Lfl Concentration of gemcitabine[ps/(mg+ L™1)]
P Al 35 P LIS SR P 92X A 0 24 e 005 compared with A9 cell
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Fig. 1 Inhibitory rates of cells in two groups after

o, RER. 5A494 (12.45%+1.12%)

Fb#e, AS49R 4L (5.59% +0.87%) 40 = %

Fef (P<<0.05). WL 2,

2.2 ASAOm M ASAOR ML P £ R A X A B
RNA-seq k7 T 45 R oK« 5 AS49 A #K, ,

AS49R 40 i P A7 234 > mRNA R KK T & - o

2051 mRNA A K FFEAE. WE 3A. KEGG & '

treated with gemcitabine

10 1.80% 30.71% 1.75%

J— N o Y — E
e R R RBKVPTHmEN EE S 59
PR i 3% 42 . mRNA W% 42 A DNA & 6 5515 5 )
89.2% 9.22%
ﬁ%o U_LIJ [Zizl 3B o v v
2.3 AB549 4 F= A549R £2 %8 J8  MSH2.MSH6 % N Annexin ¥ 5
RAD50 mRNA & & K-F  RT-qPCR A5 25 4 7 A: A549 cells; B: A549R cells.
R 5 ASA9 4 HEEE, AS49R 44N MSH2, MSH6 B2 HEMEFAR2HM AT
Fl RAD50 mRNA # i5 K E F+ & (P<<0.05) . Fig. 2 Apoptotic rates of cells in two groups after treat-
LA 4 ed with gemcitabine
KEGG
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. Down Lipid and atherosclerosis ° _Log][) P
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1 - i DNA replication ©
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U | I | | e
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A:Volcano map; B:KEGG signaling pathway analysis diagram.
B3 RNA-seq A I 7 4 fh e it 24 40 M ik o 22 7 Rk 2 R

Fig. 3 Differential expression genes in gemcitabine-resistant cell stain detected by RNA-seq method



360 TR 224 (BE 2 i)

504 B2 2024 4F 3 A

A549 cells

8§ — C—3 A549Rcells
*

< T
£ 6 *
g T
-
=}
©
> *
2 4 =
£
7
7
g
5 2 -
@

0

MSH2 MSH6 RAD5S0

"P<C0.05 compared with A549 cells.
El4 RT-qPCREERM MSH2 ,MSH6FI RAD50 mRNA
RBKF
Fig. 4 Expression levels of MSH2, MSH6, and
RADS50 mRNA detected by RT-qPCR method

2.4 2#mmEF MYC fe yH2ZAX & & 2 A R F

Western blotting ¥ k5 M 45 2R . 7x . 5 AS49 4
L8, AS49R 440 MYC Al yH2AX & H & ik
KF-TFE (P<<0.05). WLIE 5.

1 2 Mr
MYC  — - 62 000
THZAX s S 15 000
GAPDH S S 5 000
A
1.5 1~ % 3 A549 cells
= 1 A549R cells
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Lane 1: A549 cells; Lane 2: A549R cells. 'P<<0.05 compared
with A549 cells.
B5 2#8HKH MYCH yH2AX EH R KB IKE (A)
MEAE(B)
Fig. 5
expressions of MYC and yHZ2AX proteins in cells in

Electrophoregram(A) and histogram(B) of

two groups

2.5 A5494842 ASAOR B I MYC A B R T A=
BENL RT-qPCRIERMZR IR : 5 ASL941 1L
A, ASAIRH4NHE MYC 2 R R kK FEF 5 (P<
0.05). WEI6A. ChIPERMZERE/R: 5 A5494
b, AS49R 4 4i fft b RNA pol I #l yH2AX 7
MYC ¥ 5t 4f A7 &5 & exon 2 b & ik K F T+ &
(P<<0.05), WA 6B, ¥ MYC I PCRY 1 J5 it
Iy, 25 88 . AB49R 41 i R 3k I MY C
exon 2 [ fF7F G254 A FEHR4r . LK 6C.,
2.6 si-NC A549R 28 #= si-MYC A549R 28 %8 A 3+
E H AL B A B H RT-qPCR 75 Ml Western
blotting VA K M 45 R B 7x . 5 si-NC AS49R H H#K,
si-MYC A549R 41 40 i MYC mRNA F12& 1 % 35 K
FREAL (P<<0.05). WLIEI 7, CCK-8 kK I 45 5
AN 5 si-NC AS49R 4 th &, 2. 4. 8. 160
32mg-L ' P EAE G, si-MYC A549R 41 41
Ho il =T & (P<<0.05) . WLPE 8. it =X 41 i A K
Mok RO R 5 si-NC AS49R 40 (5.68% +
0.63%) I #, si-MYC A549R 4 (11.37% =+
0.98%) #Aifddr-x7te (P<<0.05). WK 9,
3 3 it

A AT 2 I IR LR RE VR T i Ok Y,
(BRI 5] 22 U0 1) 24 W0 Ak 97 2 8 0 s 48 R XoF 245 400 1) T
2k, BEARMLYT AOR M R AR M T 2 1 R 48 R
Y M 55 25 ) B 2 i ok AR e R B T 2, (O
Xt 245 4 1 SO TR R L F A R T TR I T 24
75 A L 9 40 A 3k sk L6 25 W A B AR, 3 0 R B
149 7% Ak ok 3R Bl i 1 A A

TV b S G 25, JE T 40 R )
RS Y, MU AMBEAS, R B
T M PO AL I B RR AR, HE T SE i DNA & BCRH&
=R N (0 DR O S 7o S L i ) O
oM A 1996 A AR R I B 2 B R
(Food and Drug Administration, FDA) it LIk,
PG A Tz N TR T A R SRR (LR
B S 9 AR A5 ) 1 3 PG AL E AE NSCLC 1 — £k
BT OB R ARG . SRR BA YT B Sl
PR 251, S BURIT IS A RCRIUN 20% 247 T
g T RV AL I NSCLC SE 20 i 52 m , A 0T
g% T fth T E MR T AS49 4 g, 45 R BoR
AS49R I RI N 1. 93, H 5 EAYI MR A549 4 L Lt
A, it 2 40 MRk AS49R T 5 Bt R U Al I S
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Ab549 cells  A549R cells MYC-TSS MYC-exon 2 MYC-TSS MYC-exon 2
A B C
G254A
A549 ...CCGCCGCTCCGGGCTCTGCTCGCCCTCCT...
Resistance A549 ...CCGCCGCTCCGGGCTCTACTCGLCCTCCT...

D

A': Expression level of MYC mRNA detected by RT-qPCR method; B: Enrichment level of RNA pol I detected by ChIP-qPCR method ;
C: Enrichment level of yH2AX detected by ChIP-qPCR; D: G254A mutation site. P<0.05 compared with A549 cells.
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Fig. 6 MYC gene identification of gemcitabine-resistant cell stains
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A': Expression level of MYC mRNA detected by RT-qPCR method; B:Electrophoregram of expressions of MYC and yH2AX proteins;
C: Expression levels of MYC and yH2AX proteins.Lane 1:Si-NC A549R cells; Lane 2: Si-MYC A549R cells. "P<C0.05 compared with

si-NC AB549R cells.
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Fig. 7 Expression levels of MYC mRNA and protein in cells in two groups
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Fig. 8 Inhibitory rates of cells in three groups after

treated with gemcitabine
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Fig. 9 Apoptotic rates of cells in three groups after treated with gemcitabine
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