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Detection of gene mutation in pancreatic mucinous cystadenocarcinoma and its
clinical significance
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University, Shanghai 200433, China)

[Abstract] Objective: To detect the distribution of gene mutations in pancreatic mucinous cystadenocarcinoma (PMCC) by high-
throughput sequencing and to explore its clinical significance. Methods: Four cases of paraffin-embedded cancer tissues and para-
cancerous tissues from PMCC patients, who underwent surgical resection from January 2012 to December 2016, received NGS (next
generation sequencing) examination using Illumina Hiseq 2500 platform. The characteristics of gene mutation in PMCC patients were
analyzed with sequencing results and clinicopathological data. Results: Seven significantly mutated genes (SMGs) were detected in all
four PMCC samples, namely KRAS, AHNAK2, MUC16, MUC17, MUC19, MUC3A and MUC4. Twenty-four SMGs were detected in
3 of the 4 samples, namely ADAMTS9, ALDH3B1, CARD14, CSMD3, MKI67, ORIN2, PKHD1, PLCE1, RTLI, SIGLECI12,
CCDC168, CEP295, CUBN, DST, HRNR, LAMAS, OR10G4, OR2T4, PLEKHG4B, RP1L1, SLC15A5, SVEPI, TASIRI and TN-
RC18. KRAS-driven gene mutations were detected in all 4 samples, including K12 hot spot mutation in 3 cases and D33E non-hot spot
mutation in 1 case. Conclusion: The high mutation of KRAS and MUC family in PMCC may be a potential target and biomarker for
precise treatment of PMCC.
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angiopancreatography , ERCP) # i 7~ Jif 5 A [ | 4 %€
BUBRE IR 5 2 i AR 4R s s R AR . B
HIT, PMCC — 2215 Wy B340 7 X 22 i B0 R OK AR U
PEFAR, T RIS . )Lk, s —
AR 7 A (next generation sequencing , NGS) f R
R A S G AR AN W7 B AT, 2 146 4 1T a8 A XU 97 Ak
4= 3 K 40 7 (whole genome sequencing , WGS)
AR BT B AT i I NGS
X 4 5] PMCC & # e 2 SR A AT 2 B A I e
I8 1m PR B2 BB S3 r PMCC 5825 i 2 23 1) i [A]

FARE.
1 ENSHE

1.1 #FRst %

W 2012 4E 1 H £ 2016 4 12 H g% 4 5 K2
B o e I B 9 BERHOR AT 1 0998 B0 12 1) 4 491 2
PMCC i35 F AR U 5 10988 21 23 K S N e 55 4L 436
AR A, Ik 8 5K 5~10 pm JE ) F #E4T WGS. 4151
W — ISR TR LR 1.

1 44 PMCC BE R IE R RIBFFE
Tab.1 Clinicopathological features of 4 patients with PMCC

Clinicopathologic feature C-1 C-2 C-3 C-4
Gender Female Female Female Female
Age(t/a) 47 47 62 76
Tumor site Body of pancreas Body of pancreas Body of pancreas Tail of pancreas
Histological morphology Papillary Sieve pore Papillary Papillary
Tumor size(//cm) 6.0 3.5 4.0 5.0
Lymph node metastasis 0/1 0/7 0/1
Tumor stage I II II I

C: Cancer tissue; 1-4: Sample number

1.2 ZEZRXFAMNE

H 2L FE 5 #2 B DNA T #% QIAgen_FFPE_DNA
Mini Kit i) & (QIAGEN, USA) , Ji 45 b 1 (1AL A
F KAPA Library Prep Kit i) & (Illumina, USA) , ¥
AA 18 48 FH ¢ Y € 5 PCR {X (Stepone plus, Life tech-
nology) , F¥ 2% ¥ &£ I %€ f# A Qubit 2.0 (Life technolo-
gy) ; Ml FF°F & 1 i HiSeq PE150(I1lumina, USA).
1.3 DNA %A #2 I AN 5 f 42

N ERAIE 4% FF I 35 YR I 5 AR A i B JEE )y 2L 2
Hr A 2 % LU A5 1 i 8 40 P, = 2 16 s B RE G U T
) firh 98 2 23047 H-E Y€, B (% T U102 T e e 441
5 70% P L, HIRSEH LD F 10%. KU1 B
TR g AR AR R SERAKK
L E Lo B 5 E A4 51 DNA. 90 °C4f 4L i
H 1h, i DNA 5EARSME, 20 AL ek
it S5 4 AL 45 DNA. % QIAgen FFPE_DNAMini
Kit £ 2H 24 52 U DNA 3t B 50k U] Fr 20 243447 DNA
FEHL . B IE bl Bt I FL UK (agarose gel electrophoresis,
AGE) 7 #T DNA FAFERE se e 2l . & 110
% 1T (qubit fluorometer) A i 7€ & DNA ¥ &, Ho A
DNA K FE>20 ng/ul, j& & 0.5 pg PL_E [ DNA Ff
PSR
1.4 A B8 DNA L EME AN 5

J: [ 240 DNA Il Fi] Covaris B FEAX BEHLFT B p K

J& 79350 bp (11 B, & R e B B AL LK N A R
J& 5 B B B 4 ) e 4 Sk, ) 4% ik R 4 DNA ST
. 3T Mlumina HiSeq PE150 i Ji6 41 2R K %ok o )
55 4L ZARE i B DK 2H DNA SCEE#EAT I . PE150(pair
and 150 bp) Fi =y 18 = 80l T , B35 -0 150 bp. 7
R /N v BT R 4N B Insert DNA (g &
WP BB 5 B ) o U I 2 4 4 2 4 N B
{140 79 i AT 0 P B 7 925 E T AN B A AT
ity I B ASASC T DA B B i 9 7 51, AR AT %
X BUT A 2 A K, AT T 5 SR 250808 Ll X
1.5 3382 F

D45 21 1 J5 46 U B SO 2B 1R ) (base
calling) 73 B ¥4 4 J5L 46 W 7 7 #1) (sequenced reads) ,
JRAEHHE LA fastq SCIFAE XAFME . SRS 25 R IR A6 20905
HIS I & RS S P A, BRI T 4R . K A BWA
BAR T 75 5 N 225 5 K 4 hg19 i tb T, #1146
EE XS 285 S Oy sam % 2K, 757 ] samtools #1444 45 2R
bam A% HHET o 6P A R IR AR LR
7 5 B UL S e R FE AT A, VEA R R DU T R TS
IR BIRRAE , 25 B vE N HEAT J5 825087, 75 W) 201 2
PEBMI . 85 NEFEAR T T 51 REik 3] 95% LA
B R 285 S S8 R R L A 30 00 B e
(bp) 5 3 K 41 K /I (genome) [ ELAET, 24 7 ¥ B
10X DA b B 78 56 B I8 30 95% LA, AT AR A R4l 57 5
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1.6 ARMmILR EHAT

5 A AR R R S E S Ry
it IR A i AR AR g 584 o 6E T R A i, 18 3T mu-
Tect 3 14 43 M1 & 98 4 (single nucleotide variant,
SNV) , If38 1k Strelka B I 44 248 Jfa 4 N B3k 2 SRAR
(insertion-deletion, InDeD 15 2.
1.7 &IMREER>HT

A 9 AR FE [X] (significantly mutated gene, SMG)
e 48 R AL SN H 3 v T 5 R A (background
mutation rate, BMR) [FJJE K . 454 LA SNV Al InDel
()53 A 45 S, DL A Jed 8 AR (1) A 40 i R A8 S 53¢
I MuSic AR R B 84S AR R A AT Gt
o 55 (SMG test) , Al H ¥ 25 5 T 5 R AR 6 (1) Jik
o MuSic i 3 F 55 HEAT SMG test, WAH & e
4% (convolution test, CT) . Fisher f& % (fisher” s com-
bined P-value test, FCPT) 1 {LL X Lt 45 % (likelihood
ratio test, LRT).

2 # R

2.1 PMCC A& F 4 8+ A HMDNAS=EHF&17
AR R

BT 9O OO 25 (R 2) IR, PMCC 598 5%
ZHZAFE R 2H DNA MK JE>20 ng/pl, HAEE>0.5 pg, f7 &
S FEARE o
2.2 PMCC A #% % 442 % A 7 41 DNA 0] 5 & 48 5
ShEER

X} PMCC % Ji 55 2H 23 55 [RI 20 DNA ST eI 3 504
AT EE B (3 3) B , PMCC ZH ZURE AT 10 3 i
1660 X Ay Ji 55 A58 30 X A 44 s S o5 4

AU 78 5 FE A EL X R A5 7E 99% LA L ; 8 5 KB 4E
10% 7245, H Q30>80, & B A Y ¥ 1t H 4 i =
TR, AT AT J5 820 W o

*2 PMCCRERMBEZANAEEEDNAZE
Tab. 2 Genomic DNA content in cancer and para-cancer
tissues of patients with PMCC

Concentration Volume Total
Sample .
[pe(ng - ul™)] (v/ul) (m/ug)
C-1 70.4 55.0 39
Cc-2 77.6 55.0 4.3
C-3 21.6 55.0 1.2
C-4 52.2 55.0 2.9
P-1 116.0 55.0 6.4
P-2 143.0 55.0 7.9
P-3 134.0 55.0 7.4
P-4 82.8 55.0 4.6

C: Cancer tissue; P: Para-cancer tissue; 1-4: Sample number

24 PMCC &% /&4 42 F SMG 447

WGS Wl 7> 45 S 5o, T8 4 S FEAS o 3746 21 58
ABHIFER A 74, 435 & KRAS.AHNAK2 . MUC16.
MUC17.MUC19.MUC3A .MUC4. 7£3 MEA T
3 547 1 3L K A 24 S, 43 58 ADAMTS9. AL-
DH3B1. CARDI4. CSMD3. MKI67. ORIN2.
PKHDI. PLCEl. RTLI. SIGLECI2. CCDCI168.
CEP295. CUBN. DST. HRNR. LAMA5. OR10G4.
OR2T4. PLEKHG4B. RPILI. SLCI5A5. SVEPI.
TASIR1.TNRCI18. FTH Ff A H 3 Kl ] KRAS K
By 3 R A, Frp 3 5 A I 21 KRAS I K12 #4 fi R
45, 7 1l KRAS [ D33E JEH S A (- 1D

3 PMCC K 55 HLREE 2H DNA U 714
Tab. 3 Assessment of genomic DNA sequencing results in cancer and para-cancer tissues of PMCC

Sample Original data (G) Q30 Sequencing depth Coverage (%) Mapping (%) Repetition (%)

C-1 179.66 91.92 56.83 99.32 99.76 9.31

C-2 211.58 95.22 67.86 99.38 99.79 10.76
C-3 218.54 92.46 62.84 99.38 99.73 13.25
C-4 216.15 95.60 70.05 99.34 99.82 11.08
P-1 103.20 87.89 28.32 99.28 99.84 10.18
P-2 91.19 91.49 27.74 99.24 99.78 10.20
P-3 104.43 87.82 30.76 99.26 99.79 10.68
P-4 90.39 91.81 28.13 99.24 99.84 10.15

C: Cancer tissue; P: Para-cancer tissue; 1-4: Sample number

2.3 PMCC AL hmIL R L% 5

Xt PMCC B 3 J# 21 21 WGS Ml J57 45 SR (R 4) 12
IR BLRAE SRR L) 5 1/MbOR T s A4 BTl
(whole-exome sequencing, WES) 25 R .7, &1 AR 4

N 18~84/Mb. K IATEIX 4 6 PMCC & H 4,
i R X R 41 B A 6 g S8 3 v T A 2R IR 4 IX 3, 3
Hp A A0 I Xk SRR AR L 3 v T e A SO R E
[ 1/Mb AR,
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Tab. 4 Somatic mutation in WGS and WES
WGS . WES .
Sample SNV . InDel Coding SNV . Coding InDel
Mutation rate (1/MB) Mutation rate (1/MB)
C-1 31936 1.06 4118 548 18.27 9
C-2 31726 1.06 4 553 1 094 36.47 18
C-3 201 422 6.71 4325 2511 83.70 14
C-4 24 745 0.82 5622 1676 55.87 17

C: Cancer tissue; 1-4: Sample number

1 KRASREN RREE
Fig.1 Schematic diagram of KRAS mutation site
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Ji g o HLARAE & Fh B0 R AER T, R EB 42
) R — AN B A 2 DR K b 2R 256 AR K OE
2, SR OB R G AR T R S A .
JoE 40K 22 B K AR AE PR A I PN 1) SR AR, AT A 48 i
IR MRS I ) FEHET7 3 o TR A 2 P SR AR 2
22— R AHE SNV Ml InDel 3 [K 5845, — 2 #% I
4% 5 (copy number variations, CNV) Fll 4} ) 48 53
(structural variation, SV) X & I 4 (& 1k 5 #,
RUSCH 5"} 78 i JL 26 fif Jeg 58 8 41 4 kAT 2k A 41
M7, 975 WGSWES LA J 4= 5% 2H I J7 (transcrip-
tome sequencing, RNA-Seq) ] 77 7 1] 4 Il £ 99% 1
O 260 Bl 5 B B30 2248 , 1 1 A WES I RNA-Seq 1 J7
V2 ks I 21 78% FRAR , X SRR 1 WGS 18 ) L # iR
AR E . 2014 4R T, (BT WGS i & i, A
AN 8 F7 50y AL AT B (U SR R @A % £ 4 3 HF
), MEF SN FHN T . BEE 25N 7+
AT e B 52 AR AN Wt s i, 4 S DR 2HL 0 e R AR i 2
FRAI, 25 T WGS (1) )Rg 25 DR 2L 7 B i BN i s
B FEI T TT V. K BRI R 27 5 0d i o i
JiR e 2H 23047 WGS DA K CNV 43 #3357 58 ST iR
o 25k D] AR I, LI ik DR R AR U AR AR bR A
AIFH DARAE g A7 B va 7 RORM. i — P iE H
BRI H AR S 7 i H %08 T THRIRE 10 2615 5@ %
HHR 32/ SMG™, il RNA FF F1 08 43 H X g i
FEAT T Tor AL X e gk B BT Ok BT AE 1
JURTE VA TT B R, IR OT T i e 1 A Al B A

CLIE SR 70 o8 1 AR 5 B by e BE R R AR
Ko 2275 NN« K #] (Anngelina-Jolie) F {4+, 5t 2 B
TRIL T BRCA ALY FLIR « O S5 A7 7 A 2R
BIBR &R o 3X — il 77 2k R 4 2E Bl R 7E (germline
mutation) £ I , CAHf 7€ B8 35 & 15 HE AT AL 1 PR R
I AH DG 35 DRI TR AR, AT A0 HH 388 A% 12 e 928 2 1K1 2 T o
O, 30 RT3 A% P i R0 3 1R N AT 5 DR
R IR 5k DRI A 2, A A R I AR e A e RE B YA
U A U R T, X oA W PR SBORE N A g
EF AR R . 48R, 150 BUR B R IR JE—
SE R, I HLE I SO A i SR A R A E
W ARK , AT DANE AE 2% B A G R 1k AE . H Rl
) 2 DR 00 2 38 4% 2 b g Cln LIRS, HERR R 2
Z5F] 50%~80%. (ERGHERITMEE TS SR, I
DRG0 PR %6 R xS S 6 i TR 127 % TS S 1) B 42
AR,

PMCC & — Ff /b WL i 2% 1% )t 8% . DOULAMIS
S0 I 3 [ 1 S e i 7T B (NCD SEER #4#3 F [1
JPE 2 BT T 1988 £E & 2012 £EH§12 [) PMCC 23 %
P, H R I 507 1 PMCC 3 , S Wi 4E 88 A7 508 67
B R 68.4%. JiRE LUK (82.9%, 1
~T1Z50) g B A 3508/ R 30 (42.8%) N &=« #R 4 Kaplan-
Meier [ 28 , J&y BR 14 « X 380 % 7% Al Iz b % 7 F8 38 I A=
2R 5N 1114 H (95%CI: 82.5~139.5) Fll 14 4 A
(95%CI: 10.9~17.1) F1 4 A H (95%CI:2.9~5.1) » ¥
Kb R PR R VAR AR F N 90.1%, X Ik #6728 5 N
56.7% ML AL #4575 55 N 18.7%. Kk, PMCC fHil 7]
TR e, J= R T Mk Jl A Jre 350, e 8 23 U A 5
R S PR ST A A SR IR

AW FAE 44 PMCC B3 FE A, W52 5] MUC
Z % MUC3A . MUC4.MUC16.MUC17 f1 MUC19 k&
A 9EAF . MUC SRR 1 R 0% 18 e 4 i o L 2 o £
P70 25 AT LE JB i 96 i i L 2 G B L 9F HL
5 d i s e Pt I R B R A
SR, ARk, O W AR IR Rt MUC K% &
155 1 I 1R 26 1 B8 1 BTG 2B AR U
R MUC FK G A R T e ol R, F
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KRAS J: [ K12 $4 i AR A vy HLARS Vi, L&
it g8 A bR ) R A A B T 3R v PMCC 12 ik
o FERKEIWETUA Ky itk — PP K PMCC &3 1)
FEA B EE — P B0 IE , U RE A I PMCC B & ¥ 12
(YR HE A A bR B4 o
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