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Gene mutation and expression lineage construction of primary lung adenoid cystic
carcinoma and mucoepidermoid carcinoma
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[Abstract] Objective: This study aims to discover the characteristics of gene mutation and gene expression profile of primary
adenoid cystic carcinoma (ACC) and mucoepidermoid carcinoma (MEC) in the lungs by sequencing. Methods: Total 14 cases of lung
ACC and 24 cases of lung MEC were enrolled. Samples of tumor tissues and adjacent tissues were collected. After extracting DNA and
RNA, DNA and RNA transcription group were used to gene sequencing and bioinformatics analysis. Results: Among the detected
DNA mutations in cancer tissues, MYB/MYBLI fusion was detected in 78.5% (11/14) lung ACC patients. The most common mutation
in lung MEC patients was MAML2 rearrangement, and 3 MEC patients had EWSR1 fusion, and 1 case ROS1 fusion occurs in MEC
patients. Among the RNA differential genes in cancer tissues and adjacent tissues, SOX10 and BCL11A are highly expressed in lung
ACC, and the most differentially expressed gene in lung MEC is TFAP2A. Conclusion: SOX10 and BCL11A may become new
biomarkers of lung ACC. TFAP2A is related to lung MEC resistance to anlotinib.
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TE 2015 4Fhit WHO il 988 4328 v, i 3 i e 9
@Tﬁ&?ﬁ%‘ﬁ% (adenoid cystic carcinoma, ACC) | R
2 F FE I (mucoepidermoid carcinoma, MEC) . | K¢ L |
g 2 Te B DA o fcws o I i e
P AR B, TR AR R BR A g 4L, FARY)
= S TE Ny Wl S O i i Wi B N A i
PRSI ZWIRTT T 58, e BRIt g Mo e 1 2
JEAILHIA IR AOEST , B R i AR g i i 3
BALHE— M O I IRAFAE T, B2 AR 0E
A R 7 BT, FERME & AR e R A8 L T iy iF 5
B, Iy, PR —fRIF (next genera-
tion sequencing, NGS ) & % 1 A oz I 45 Az 0 26 4 oy
AR EE S, H P LR PR o o b A I T )
12 T IR R ) B ARSI, LA A U K A
BER MR AWFFEE i NGS Kl £ AR A DNA K
RNA WA JZTH T ACC il MEC #4742 1H 437

1 #RITTE

1.1 A

WFFTAN A 2017 4E 5 H —20204F 7 H /1 5 BE R
K — B E R BE N TS — AN RS B LT
B — NREBE T 39 il i &, o, ACC 14 4],
MEC 24 191, 1451 £ 3 PRI Jp5 BEAS T 76 S 6 32 DR RG: 0 5t
FEHGEANR . AT IT LR B BE R R A5 — Mg =
BEACHZE D1 S HbiE (IR B H 4L+ : 2022-SR-254) , i
FLTR R B N2 K i 2 i 3 B A 2 K
PRFTYY O 2B R IE ) 245, USCHE /R R g H 4R
AR R AT AR (4 8 39 SRR A T T IR 2250 BT . BT
A7 15 A I A At o 34 S
12 F#&
1.2.1 gk R En

] QIAGEN DNA F1 QIAGEN RNA #2 i 57
BT LUREA DNA K RNA B2 5, S256 #E i
2 AR ORI Ui . 2% 2 U 9 DNA
FIRNA #£47 Qubit & fit , H 1 DNA $2HUE MK T
200 ng, RNA FEBUE & ALTF 200 pg.

DNA %5 4 : $EHULT 1Y) DNA A 288 7 4T
Wi, RumtE R 4k 1 AL Qubit 22 &2, 1k
B BEAR AL 385 S 2K/ 250~300 bp A BE DNA
HEAD T 3R 5 X e BRI B BEE AT PCR 914 S 4l
b S A2 5 K PCR ™ BERR 13048 2 0 7 SC %
DNA & S 25 15 5 5 H R 3 PR AR 0 AR e 0 A B2
A W4 416 panel iE47 g AH OC L PR s 4R o 5
PR AR 5T 5 SR 2238, INA B9 2% 58 R IR

BE LR SO S HEROR MR WK S &, KERAERE
SIS SO

RNA /% : 2 U RNA 38 KAPA # R &
FATAE I 1 5538 13 RiboErase 25 B A% BEAA A% B 4%
%2 (ribosome ribonucleic acid, rRNA) , i — & 2 Bx
RNA FEASH ) DNA BB, A 4iAE 9 RNA 17 5
AN EAZ B R (complementary deoxyribonucleic ac-
id, cDNA) G L, i — 205 UCEAMEE R iB i, 3k
BRSO W TR 22 EALINY . RNA #4346
TE & B

AL - 4 B Hiseq 4000 {5 158 A v 460
A R AR L N LI 5 £ M paired -
end P27 (DR 7 BOR I X Hg 2%, ok 225 30k
(4977 20 FEAT RGN, 0 A A R umina S5
B SRR AT ] O AT S o b s
JE G 74, £ FH Q30 (st A K v I P i i o 12
BB T 30 O BRAR R 5 B BREE R 19 23 L) BR
HEZBR IR B BRI A TAL 5 255k PCR O™ 83 FE v ™
A Y E A2 S
122 AME&F 5

DNA A W5 45001 7 R LB 4 bel A%
7, fd FH bef2fastq (v2.17.1.14, Tllumina 2y 7] ) 8K 44
HFE 4 A FASTQ (A : Nlumina 1.8+ ) 4%, # i
Trimmomatic FPFFEAT UGN P ECds o ds , 25 BRI
I reads (5 38 2 P 4807 A 0 AN ) 5 g
BWA % fF (https://github.com/lh3/bwa/tree/master/
bwakit) 45 2] ) DNA J37 51 5 A5 3 41751 hg19
FEXt o A FHIE R 4 20 Afr T HA9 GATK 3.4.0 (https : //
software.broadinstitute.org/gatk/ ) i/ 730 A B2k 28 AR
PO HE 57 12 HEA T3, FH VarScan2 A6 {4 41 ff1 5
AR o PRAN A SR LR BR AR X T COSMIC $udia 14
Pl TE R A 20 YR BRI R AR /NS R R B
(VAF)=1.0%, HLZ /DA 3 HRZE reads 3275, X T H:
5L VAF=2.0% , H 2 /DA 5 #5718 reads 34 .
WA, AT 98788 30 s s e fie/ NI PR FE = 20, /)
AL 5T =25, reads fii (4 AN KT 10% bR E . R
ANNOVAR X FURH R 2 251 (SNP) Al Indel (4 A/
B TR BRI « AbSNP (HUA% 4T R 22 25 M B di
FE) (v137) .1 000Genome (T~ A JEH 414 2 ) | Ex-
ACCHME TS B ) .COSMIC e 42 i
2875 H5%) (v70) . ClinVAR I SIFT (RUE AR ASFFIER;
) BRI . 1000Genome B¢ ExAC 3 H w40 5
KT 198 FAB MR o 3 — 2038 5 P B [) — 00
- 15 WU P B AL 5 At 102 S P2 X A 381 1 8 A 4
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SRAEATILUE 1% Fe H 1 000 A4S 1 FAEA [ 45
SRR, Je /N1 70 e T B2 2 700 xo 24 ik
U, QSR 1A IR AR GEAE (5878 F2 5 2% reads $X 5
R TE A ER B LI PP DR e e vh ) A LR TR R T
5T 20% KA IR LA BEDLES DRI R . #5 DL
BT < 38X [ LR B A AT 32 40
BT, BEARRHE DRSS R R G , LUK [A] panel
X HEREAS R L ZR | 7 BT L SUREAS (1) 48 DL AR 5,
FIBE N 0.65, 9 HE 1 I {H A 1.5,

RNA A W15 B2 5001 - DU T AILEE A bel 4%
2, (] bef2fastq FAFREHF AN FASTQ A% 2. 8
1 Trimmomatic FRPFHEAT IS4G U ) Hi0 8 B4, 25 BR
IR 5t reads . fillG 78 57407 - T Bowtie aligner i
P ARSI 2 FOF , 6 STAR (AR 2.5.2b)
it — 2053 By A LU X ) 1) reads , B J5 >R H Fusion-
Catcher (version 0.99.4e) X} iR S E 1T Rl & A 7
AT o F) H DESeq2 (version 1.16.1) Fl edgeR (ver-
sion 3.18. 1) AT 22 5 RIR T . 22 koM rp ik
(125 524544 (fold change) >2, H P{H <0.05, XfJi
(4 LR 3 A A4 B TR L RARES 23T

2 # R

WF5E 190 A 39 6] ACC K2 MEC 53, Hirp 1 44
B PR AN Y 7 Ji 2 3 PR R N 3 2 P i B B 38
i85 ACC f 3% 14 ] , MEC /4 24 5], DNA )2
T < X5 38 45 £ A BRd SRR AR 64T T 416panel £
T DNA A HRBUS R 1645 ng(201~25 400 ng) ,
ORI P 4 S I P TR B 87 5%, 2 B Jim U R
531x, B % 33.3%; RNA JZ 1 : 38 B f & vh 1 ] A
RNA $2 B ARG A G S50 8T, 37 61l B 17 e
PSR AR AS B 15 161 B 3 IR SR AR 4252 T RNAseq K
DU, RNA H 47 $2 BUE 54 4 454 ng (276.1~27 064.0
ng) , JHH P 45 Ji 4f v 67 reads 54 34 Mb, 1= 0
reads (Q30) 57 1t 94.4% , FL X} % 97.9% , DNA Wi/ 5
P H 5%

43I DNA FIRNA JZ X} ACC K& MEC g 21
SUIAT T A AR IR 2 T 08T, R i B T
DNA JZ1H %8748 I RNA JZ 1 fl &M s 1o

ACCHEIS BB HHEA MY Bl 52845 (57.1%),
3 {5 B A MYBLI il 28748 (21.43% ) , Bl AEAR
¥ NFIBEEA . AR MYB B ZER T 6q22-23 1Y
JrUE LA 3 it F3h o-MYB # s A T2 E MYB 25
B VR A S TE S o SRR R LMY B
A5 S8R 6q22-23, 10 1] KA TF 6924 .12 Fl 14¢™, A%

5% MYB W7 24 [X 3 4 A 7 (exon) 8/9/12/14,
NFIB W4 [X 38k A exon9/11, MYBLI1 JEH 20 T 8 5
Pe @RI MYB JE P g —Fh, 2800 o-MYB % 5% 1A
+ BEAETESLIR ACC il 5R Z B MY BL1 Al 5
HAEE A RlS 3 MYBLI 3 26355,

Jr R RN MEC ARz 21 12 41 835 k4= MAML2
SRS (50%) , BARTE A CRTC1-MAML2 filt &
AR, MAML2 BN 8 HEf L UL T U R BRI
D115 G R T 19 5 e (o (A R 1) 6 R e £
(11519)(q21;p13)", JFTEM MEC s & 9 1 %2
HEHE, AR 2] 3 4 EWSR1(12.5%) Fil 1
i ROS1(4.2% ) fill 75 e 3, BEAE AR AE MEC 42 1% .
JUSC A8 W 24 5, IX 38 1 (Ewing sarcoma beakpoint re-
gion 1, EWSR1) PRITE U SC AR Hh g e BT i 44 , o7
T22q12, ROST H: P HEAE A 58 il 5 12 X0
CD74 :exon6~R0OS]1 : exon33,

TE it ACC S MEC H 43 51l A6 I 3] 2 451] K 1 44i)
EP300 5% AR . Pk £ ) 58 A8 JE PR A AT AR-
ID1A, ACC ™ 1 5] Fi E RGN 2], MEC 3 il B 35 46
HUES] S

R DNA Kl , 6 5% 2F— 25 DA RNA 263582 110, 8
b0 L g AR S5 AR AS 73 AT T ACC T MEC 19 25 57
FIRIEH . ] DESeq2 #5173 [H 22 3 Rk 40 #r 5
TR R 2= 5 Ol E (B 1.2) .

filfi ACC 25 5 Feak 45 S /R ik HiRM LA
GABRP. TFAP2C. COL17A1. SOX10, SERTAD4.
VTCN1, DSP. CRABP2, VICNI, DSP. CRABP2,
BCL11A | FAT2, % ik T 8 19 & [ 5 SRGAP2B.,
WFS1, RFTN1, LMODI, SLC9A3R2, CAMK2NI1,
UNC138 . ALDH381,KIAA1462 .SLCO3A1, %54 %
A ACC BT, SOX10 K BCLI1A 1] fig i M fili ACC
I LERIRAED)

fifi MEC 25 5 3R 85 3 o ik BRI R A
TFAP2A . TRIM29.TNS4 EYA2 SERPINB5 . FAMS3F,
KRT6A \FAT2 . PPAP2C . PITX1, %3k F R Ay LA
LIMCH1., EMP2. SPTBN1. HIGD1B. RAB11FIPI
ACVRL1.SHROOM4 .CAV1 .PTPRB.LDB1, ik
SR — I S R TG AL AR 1 2A (TFAP2A ) 3Rk Fi
B}, i i3 PDGFR \ TGF-B Al VEGFR 55155 518 B AE ik
Jigeg i A A AR G R AT B e b A P T
2R A

3 3 g

i A0 e T A S/ LR, JHe i ACC AR R
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< S SRniia PSR G e R FA T X

- ° s 2 A5 BBEAE A S i ACC B
BRI S MYBMYBLL &, SRRSO, MYB 5
_ ¢ SRCAP2B P FLIfL (25 FLE R ZR TR A R
0 ! ! *RFTNI 5% ;WL JE B MYB-NFIB @il 52 5 g 0 & 2B K,
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Figure 1 Volcano plot of RNA differentially expressed in
cancer tissue and adjacent tissue of lung ACC
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Figure 2 Volcano plot of RNA differentially expressed in
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RAEAESE R SRAE, MR U SE T ] WL SE P |
ER TRCREE R, v] WLRRORE B BAREY) T, A
X B —" 5 il MEC A1 # ACC T4 % T 32K,
B H ) 78D 4 A N 3 KR A M2 B, TE R NS
G, A S A B 2R A5
PEoR Il MEC 78 J5 & PRl b i EL IS T 190, fil
ACC KI5k Ji M It b8 149 0.1 % ~0.5% ', R L
H AT R & il A e 2 R BF 98 22 4 TR e S S 4IE

A1 ] 35 16%~100%, H A% ACC H MYB-NFIB
Al IFIE 2K [ MER AR ACC, il ACC 78 B
b, ARBFSEH MYB K NFIB W 2447 1555 BEAEAG I
TS DX AN A ], AN [T L0 A 45 G 4 MY B 3=
TR TR 5 SRR R O R ATy it — AR
2., MYBL1 & MYB K K% (19— 51, Mitani
SEUFSE & B MY B-NFIB il B 9 e i ACC A
A A 35% %% = MYBL1 -NFIB it & . A B 5%
21.43%I7) 5 K611 2] MYBL1-NFIB g &, MYBLI Wt
Z4IX IR N exon8 , 7E A B MYB 58745 (1) (& &k
B MYBL1-NFIB filt & 9 He 451148 Mitani BF 5% 5 , 75 18
B

FERT MEC B, ey W848 MAML2 fil s
S5REEMFFARST . Al i MAML2 JE 5 n] R i A1
VAR 5 BRI Noteh 55 56 5%, 25 g 40 iy
AL S5 A E I MR MEC B 1
HEAF O MAML filtG BH: 9 MEC 55 3 PP
FE P AR A K AT SR MAML2
IR 5 705 AR DG PEAS 3 (R AT B B2 7, ARt
5% Bifi 17 s ) 50, 03 2021 4F 1 A 31 H Rt , B
A Il MEC (5 YIAFIE , R 23 R 28728 45 10 14 A
KA T 2 B s B . H H AT 5 R
CRTC1-MAML2 @il & 1) 53, I EGFR B AU 8 1
(A B A o0 P 28 B A K R 2 R ik S TR 5 it 17
7 (EGFR-TKD W L e , WA Y74

EWSR1 3 K 58 48 BE £ K 7F MEC R4 T 4iE
AWM K ILEWSRT A IR LAFD 11 5 GL ki
FLI1 (friend leukemia virus integration 1) 5y v /% il @l
A EWS-FLI 25 Mo 40 i3 s A=K, 51
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# 5 CREM (cyclic AMP element modulator ) 3 K @il 5
DB e A TR g B2 (HL 5 il MEC 1Y)
K R SRR T AT AEAR D i AN A s HARIF 98 TR A
PMEC (& TRV R AR A BRI S & R, %
FEPR AT R BCA BT I A A ic A R B 2 AR 5
HE. ROST K F HERE A AE Al /N 20 R i v A %
K 1%~2%"" 12 H PRSI A I 1) 367 B A
ROS1 J4F ALK BABEA 49% 1) 2 FL 1R 1751 [l i
Pk, = #5821 (adenosine triphosphate, ATP) %5617
B T7%RIEME . FF T #1609 PROFILE1001 BF
58, — A ALK 5] se e s Je 7 2016 AE D e Fl &
i N 25 W) 45 FE JR) (Food and Drug Administration,
FDA) FIRRI 259048 P J5) (European Medicines Agen-
cy, EMA)HEHE R FRY7 ROST Rl & 1 filig ™

TEIf MEC 2 ACC Hr 4746 %] EP300 A2 ARID1A
Z7E . EP300 7E SR A0 Mg 40 i R 0F 58 b gk &
TP53 2545 J 1 ] 8775 I 200 Jf 3k PR 3k >, Ao
KILARIDIA Z5 s ) & A kR, e IRas e h
Kl E] ARID1A 287858 5F PISK/AKT 38 % 2 5 410 il
WAk B b I T 1 AR RE A SR N R AR B
A, b AR AR X B IR T B ) 7 SUATY S 2R AN i

i,
TERA AL R 3541 4125 5 %35 RNA 1, SOX10

K BCLI1A 3%k L5 ACC ) &k AR 28 4 ¢,
TFAP2A X MEC (83 MIRY7 HA B Lo Alex 5™
TE CD133 FHE Y ACC i 1 40 Mg (CSC) Hh & T 1)
NOTCH1 F1S0X10 Y =5 2235 , 43 5| 5k NOTCH1
SOX10, %& Bl SOX10 A1 NOTCH1 #% ik T [% .
NOTCH1 2 SOX10 3 [r] 2 5 ACC i Je 21 1l i) 38 58
FAENG , AT RZ0 . B 40 Ak EUR/ I 11A (B
cell lymphom/leukemia 11A, BCL1 1A BT A2%
e e R I g ErES B 1 S R SRR A I
Z1RR Y B, 76 I 3R G h R A AR
JEBEE BT IR , & I R S 5 SR e ) 4
T 255 . Lazarus 2527738 15 40 it 52 56 A0/ B
ST 1 45 5 S I SOX2/BCL11A/SETDS 5 53 fi% 7]
PREPEAGE R A R B ek A, S B0 R
FE R, HAb A58t & B0 BCL1 1A K i b el ™
e 5 2 55 URR I Y LA 51 R S5 0 v 1 A
Ko BT BT T R LE M AR M R A AR
R TR SN S AR IR g . BEAE RS Kk
L MYB F1 BCL11A #4703 i DNA L 56 % if 1
(DNA methyltransferase 1, DNMT1)Z 5 [l 4125 [ %
I 1) AR R R E LR B ML AR 1 AN BH A L 2 S B

]2 5l ACC WY & & e th ik — 25 i 5, 4
i BCLI1IA R = Rk 2 5l ACC I kA kg,
IR AT BRI ACC VAT Y BB A

TFAP2A 55 1l 48 A5 BORH DG 1% 5 DA 1) e 0 7T 4
T MEC S8 # 5 26T 25 Y ik . ARk
FI) 1y HoAth DNA 5848 K 15 26 35 RNA IR T 30/)N
XT it ACC S MEC 1 75 SUATY 5 8 22 Y REARS JEAR 5T
H AW BB FY  AAEAE A SURE A, AR B
I3 B A A ZUREAR HEA 7 0T R S5 22 ] 455 AH G 3
DR 25 S A TR AR — A 09T
EEdd
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