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(] HEY BRITATS e 5 4141 DNA 5009 ctDNA K H B9 R 218 0L, 20 26 I R 22 5 i
PRI RAATT AR E . D5 SRRET A SN THlumina 55 388 H2 0 1y D S Py 08 ) — AR Py R
AR BEM RSN 46 51l BEZ T B it 1) i 2 i A A6 R AT AR AL S8 A (o= 31) LA S OM A Il b A
(n=32) JEA IR AT DNA (circulating tumor DNA, ctDNA ) (¥ 5 22 1f Bt , K IS il 15 1 021 A~ KL P 11y
AN T XIS AT X Y 4 R R ARSI (R R AR /N BRI AR 5 DU S A H AT E
RGN o &5 78 31 PR BT S B 2 bR A o i 0K H 1 AR SR IR Ol TPS3 (29%,
9/31) , Hk A CDK12(22. 6%,7/31) FOXA1(22.6%,7/31) 5 JAK1(16. 1% ,5/31) , 7 32 |4} i
ctDNA F5AR FfRn H 1) I 28 A8 JE R Ry AR (34. 3% ,11/32) (APC(25%,8/32) .CDK12(18.8%,6/32)
DNMT3a(18. 8% ,6/32) 15 TP53(18.8% ,6/32) . TMPRSS2-ERG Fill £ % [H 16 I 45 K6 i £ 35w A 1 25
13%(6/46) . M 1 {] 8 % [7] i 77 £ TMPRSS2-ERG , VEGFA-TMPRSS2 }% ERG-VEGFA Fill £ %€ 4%
A6 {31 5 v ] D 2L SR PR A A 200 0 58 A2 At 23 A 21, 7% , 515 A VR A [ D 4 PR SR A A
8. 7% HAEHT (JCIBHR AR oA ) [7] 58 Fh 2 B [N S A R A R AT I AT L Gleason 153 B e RS 4L
EHEZ FERESIT IR R L RE TR . 858 MK ctDNA FIESEHIZ141 DNA REARK AT A 2 2%
A5 M7 ctDNA il ] Sl W i 1) B R SE DR T 36 i e P A2, A B T SRR IR T 7 5
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Sequencing analysis on tissue DNA and blood ctDNA from 46 patients with prostate

cancer
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Urology, Daping Hospital, Army Medical University ( Third Military Medical University) , Chongqing, 400042, China

[ Abstract | Objective To investigate the mutations in the tissue DNA and plasma circulating tumor
DNA (ctDNA) from patients with prostate cancer, and analyze their association with clinical characteristics
and treatment. Methods Based on probe hybridization capture and Illumina high-throughput sequencing, a
targeted second-generation sequencing was used to analyze the mutations in 31 tumor tissues and 32 peripheral
blood specimens from 46 patients with pathologically diagnosed prostate cancer. The tumor tissues and
peripheral blood specimens were sequenced in the whole exons area and part of the introns area of 1 021 genes
for 4 types of mutations ( point mutation, loss/insert of small fragments, copy number variation and currently
known fusion genes). Results The most frequently mutated gene was TP53 (29.0%, 9/31), followed by
CDK12 (22.6%, 7/31), FOXAL (22.6%, 7/31) and JAK1 (16. 1%, 5/31) in 31 tissue samples. The
most common mutant genes in the 32 blood samples were AR (34. 3%, 11/32), APC (25.0%, 8/32),
CDK12 (18.8%, 6/32), DNMT3a (18.8%, 6/32) and TP53 (18.8%, 6/32). TMPRSS2-ERG fusion
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gene was detected in 13. 0% (6/46) of the 46 patients. One patient had TMPRSS2-ERG, VEGFA-

TMPRSS2, and ERG-VEGFA fusion mutations simultaneously.

The somatic mutation of homologous

recombination (HR) associated genes were found in 21. 7% (10/46) of all the patients, and those with

germline mutations in the HR gene accounted for 8. 7% (4/46) of all the patients. Moreover, the patients

with HR gene mutations ( either germline or somatic) , especially those with germline mutations, had younger

onset-age, higher Gleason score, and more metastases. Conclusion

Gene mutation can be detected from

both blood ctDNA and traditional tissue DNA. Dynamic blood ctDNA testing can monitor the changes in gene

spectrum of prostate cancer, and is helpful to adjust treatment scheme in time.

[ Key words ]

prostate cancer; second generation sequencing; whole exon sequencing; gene

mutations ; homologous recombinant genes
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A BRI A RR SR [ 58 rh i B A B R e B e 1Y
i, e SR A IR T 58 — R AR
e 2 4F 551 1 I 51 R g R R TE AN W 2 T
2015 4EHTH MR8 © A H L D5 M b R AR5 6 L)
JERE"T o B MBI ST R LA B R R I A g A
Wr & i , BRI R B, ik PR 98 A% S g LB i et
PR o 7 A BT R WIAR £ S R g AR
SR R R A R VI G, A4 4% TPS3 (PTEN |
RB1 TMPRSS2-ERG i 45 " . v & 3L (2
i TMPRSS2 5 ERG = ETV1) 7E i 4 B v AR 8w
W, A 57% ~ 80% WY R4 Bfig L 4L A i TMPRSS2
L5 ERG BE[H 5 ETVL B PR 7R3k B3 X & A SE
A BOBTITI R BN, 207 19% F) R BRI 51 B9
SR [ 5 T A A O BE R i 58 7% 3K — LU 7 5% %
V=L P B %)) B 98 ( metastatic  castration-resistant
prostate cancer, mCRPC) B & H5 ik 23%2‘56[10_“] 5
[Fi) 58 Tk 2H 8 52k PR 1) 9 748 5 T 91 o 1 2 A UG St
PERREE K WU S A5G, O BLX B RIR 7 e AT
B SR o RO R B BRCA R FR 5
P SR R A T A B e I AE R R 178 i g Gleason
WA R, AR S R AW B S RAL Sam b 5655, Hizk
BEMPURIRE" . MR LB, %2R E X T
PARP $1f 5 A2 o St 9 4697 O R,
22 [ [E 37 25 A 9 iE B 2% ( The National Comprehensive
Cancer Network , NCCN) Fij 4| 95 415 me L 8O0 4 BH P 58
AEEZ G SER T RAE = e SO = S B 2 e B
PERTS g LA K BRSNS A8 A Y T 97 s F
PEATFEPIAGI S HURAEE A, BT A T AR T
Jre i (B | A R A 22 A I AT T 47 A e PR A T
RAFRN 238 K, PRI e 2 1) N A i 47 i g 2 7L
TR

i geg A R e A b A A R T R IR AT AR, S BRI

DNA F Bkt A MLRAE R G b, Wt 2GR iy DNA
(ciculating tumor DNA, ctDNA) ., ctDNA E R K &S 06
Ky d ST Brz —, HATTE M AF 5T G K I R 26 i
PR BA TSR T . RSB 7E 280 N 20 MR
IV R A2 R A 254 PR I RN 22 LU o kb itk
JE b T TR R P R i A R
TEPRI ik e 28 25 FIRBT IR T 91 98 ( castration-resistant
prostate cancer, CRPC) IsHR MRk Fe B4 2147 3= R 4G
W AT ctDNA KGN 8 MR AS , FHXS B 5
N, B2 R, DR TR 9 A o i i A
BOFHI R ET S AT X AR BE 46 1] 1 51 B 98 £
IIZHZRAFN/ B tDNA HEATHE [m) —AGI 7, X5
JEE Kt R EARSGHY 1 021 AR ) 44 B 5~ X FIR
O3 N DX T ARG, 3B A e VA S T
PR G ARG W i 978 55 JE A I PR ARBAR G

1 ARSI

L1 &Hik#

Wk 2015 4E 9 H 2 2019 4 12 Hii2 TABL 1)
A s FR 2L 46 i, g A AR : ORTF R 285 5 T
ARBRAITBLA 2 A5 Bdi s @ H A WA i 91 i %
T SR R, A PR (2L s | O SRR | 25 i
) GG L Y AR T A i 20 L 3 S T Sy i A1)
54 98 (intraductal carcinoma of the prostate, IDC-P)
BET 7 MR 5 48 IR 5 ( ductal adenocarcinoma of the
prostate, DAP) [{) i % ; @2 I & IR HE e (N1) K
FERME (ML) B9 e i S5 o HEBRARIE : DI 3RS
HA S MBI A ; QB E R ZEZMEFES AT ;
OFHVIE BRI 2 ; @R HEA R RRIB B T 2K
ABIFFEAT 2] i 75 4 B2 R 2 PP I8 B A8 B2 D 2 W it
(EERHEH 2018 25 28 %5) .
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PEPL IR ( prostate-specific antigen, PSA) ; Z¢ i Gleason
VEOT, 20 B T ARR A g B2 Y 5 S AEA% D0 5 IR i IR
G303 MR T 0 BRI PR R 45 R 5 R R I
WHRYT I SE T J PSA AR ALK o Bl TR 12 A HAK
UPERTY IR 12 WibR i BE SE (5] AUA $5 74 (2018 hi) ,
B (D 1, 7 22 il < 50 ng/dL 5{ < 1. 7 nmol/L; @ PSA
Fhas B 2220 3 J5], PSA B IR T >2 ng/mlL, 5§,
5 2 YN (A I AR T 5 >25% , s F 3 30 2 A4
b BB ks RECIST S48 2 2H 40 kg
R
1.2 AFARI

HRFGHEAS 63 {1, Hrh R FI PR LIEA 31 441, b
JAMAEAS 32 5], 4 ZURE A 388 1 1 410 B 20 o) s i 470 g
PR TARAS -7 A B A3 U) ik K ; IR A
RAR H B E NSRBI A7 T EDTA Huse 8 IR IR A7
TR o AR R A AR 18 35 3 5 DR 0 P 4 oK
1.3 ARAR A

FHE PR AU F At 35 RN B 2 A e 5 e 25 A PR
Pl GEI . EADBRANTS B i 2 IR AR KA i
H 20 ff ] QIAamp DNA fif A1 3 ) & ( Qiagen ) |
ReliaPrep-FFPE-gDNA 13 %I ] 5 22 4 ( Promega ) 1 fit
£3385 Maxwell 16 FFPE Plus Lev DNA Purification Kit

25 ASTI35) AT HR IR, I ™4 12 BRI 43 25 BR

7o T Covaris S2 #8751 ( Covaris ) ¥ % DNA ;=
Hz 300 bp WE{E ) Bk, fii | NEB Next Ultra DNA
(Mumina ) A7 SCEEREE, A= B Y SCEE . AR, il
E LN 2 (integrated DNA technologies, IDT) & 4&
H AR IX I8 SCZE DNA, 7£ [lumina Hiseq 3000 il % 1%
(Mlumina,San Diego, CA, USA) | %} & 4 19 SCE # 47
WY .

Ah A I % A EDTA H 235 45 ( BD Diagnostics,
Franklin Lakes, NJ) it£E,2 500xg &5.0» 10 min, BU_F ¥
WA B MO8, BT 16 000xg E5.0 10 min, £
FRE% i A o SR ] QTAamp DNA {3 28 32 50) & A
0.6~1.8 mL Il 3¢ #43 B5 i 2 DNA ( circulating free
DNA, ¢fDNA ) £ il etDNA, i 4] & F {7 % Ot it
(Invitrogen , Carlsbad , CA, USA ) F1XU4%E DNA 3% 618 i
KR € (Invitrogen ) 1 5E DNA ¥ i, ctDNA [ K
AN A SR I BEAR 2100 AE 53 AT {F DNA HS 55
£; (Agilent Technologies, Santa Clara, CA, USA) 47 7F
fii o DNA $EH™ 4% 4% BOULEH A5 P BRI 7

fif F KAPA DNA 3¢ & il £ ik 7 & ( KAPA
Biosystems , Wilmington, MA, USA ) #4 & DNA I & XC
Vo FHARTR AT 10 5 310 L >k B SR g v LI 1 021
AL (5 0B GENT LIS 17 A [a] 5 5 2H 46

KAL) 19 G 7 51 5L Hh 7, SR H] HiSeq3000 il 7 &
Gttt DNA Y . Brdishnifi: HEUEA 2 HE Je o )5
B T PEAL 0 IR A A R = 10% , oF- 20 P IR E =
500X ; ML AEA SR DNA G =15 ng, P20 7K
& =4000X
1.4 RERELKERGHiL

AR 2 AR 9 R 2 25 SOk 19 ], RR 45
ATM, ATR., BRCA1, BRCA2, BRIP1, CHEK2,
FAM175A, FANCA, GEN1, MLH1, MRE11, MSH2 .
MSH6 .NBN ,PALB2 ,PMS2 . RAD51C . RAD51D #: 18 4~
FHICHER
1.5 REARSH

R R ZEAE L LR AE RN ctDNA 5878 ) [X 43 5 ¥ -
21 DNA FIA1 ] i il 25 DNA 1) 525620 (case) ,
SR I 4L DNA A% BRZH (normal ) , e X)) e
FEAS I IE 5 FE A 3547 NGS #:, Bl matched tumor-
normal NGS, NGS il 7 Z J5 44 Firilll 15 77 51) B8\ 2 56 ]
#H 74 ( Human Genome Build 37) L5, US4 S2 56 2H
FU R R & A T 978 IR R A S AR SR 2 AT
GRS N BREH TOR AR, AR A A 5

JVR 22732 S 14 53 W JEAVE 5 ] B 2 st A%~ LB PR 4 2
23 (ACMG) 15/ , RS BUR RS  BEMEUR R 742 I
RESUARWIZAE S, R AT REAS 23 15 o A8 8 XU 1) B8 A
R SR R 5
1.6 %t

K SPSS 22. 0 Geit2# 3 dE AT 70 A, AR 52
i 25 A 5 F2 k  Gleason PE/3 \PSA 7K 215 5
T 20 wg/mL o 2878, f M SRS R A ¢ ARy, %
I3I7E R R D7 K e B Fisher i UIAS 5, >R FH AU
K, P<0. 05 Sy 22 BA G #E Lo

2 #R

2.1 EBFEREE

46 111 ij 1 it 98 FR A 22 i 91 J 2 T A 1 12 Dy i
GIRR AR , Hob 1 B S5 5 B2 WA B i 5 O S
W . S B BB E I — Bk Jm A g =, 2 i 3k —
Gor R A MR i S, HAY 39 3] 5B A TC A 56 IR AR it
S BEIS TR 67 X (AL 65 &) izt
Hifs; PSA {4 103 ng/mL ( f:/ME 0. 48 ng/mL, Kk
{2 092 ng/mL) , IS IIE 70 T2 JH A 16 4],
T3 W8 17 ], T4 B8 12 41 (1 BITEREVifE B -
H i BUE AL 5 21 0], k518 18 4], il i 72
3491, [ A B R R B R 1 AT RS R R
YJ AR (transurethral resection of the prostate, TURP ) & Fil
A B 8 ], HE 2 it 5 IR IR AR FR 10 491, &
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S JRTRIIT A 6 191545 5] 1 B2 R SR SRR T
(androgen deprivation therapy, ADT) ,ARI&AR G2 N
SRINRITE G SRR T R 3 ), R B IN [R] 2020 4
8 H 1 H,C# N CRPC 3 20 4, A Aij 51 i 5
sk,

x1 6HBEFERER

HR A% HR BERRAAE

ok e wigy

I BIEL 14 32 46
W AR % 63(47~76) 71(57~84) 65
B I AR 1 2 3
iR R

HFER¥RE 4 1 5

FEF¥E 1 1 2
W2 Gleason P43

<7 0 6 6

=8 13 26 39
SN 1 0 1
At R

SE N 1 0 1

PRZE N GBI 1 0 1
W R o

T1/T2 4 12 16

T3/T4 9 20 29
Bk 1 0 1
W E LR 5 13 18
AR

<2 4 9 13

=3 4 4 8
it B 2 1 3
filite B 5 15 78 1 0 1
WAL LR (EHERS IR SE) 11 14 25
LB L PSA {f/ng - mL™! 143 235
IR FH T LA 9 8 17

2.2 EREEREHH

£ 46 1 83 (R REAS RN ARSIt IR R 2R 5 3]
¥l 5 975 , MENT 1 SDHA [a] I 5745 1 51,4 4412
[Fi] 05 2 B RS R 2R 8, 43l Oy BRCA2 2872 2 4],
BRCA1 2277 1 5], BRCA2 1 PALB2 [&] i 278 1 i,
TR R AR 3BT S B ACMG $575 (2015 ji) ,HR
IHREAH 2 BRCA2 il PALB2 JL[R IR &R 28748 25k
S/ BERIEUR Y, 1 MEN1 SDHA 1 BRCA1 JE A [ iR
FRAE N T AT R TR, O B SOR IR A, Hiy
SEADN R PR S R R A S, R B TE AR 2R P sk SR S

AR AT REAN 23 1 hin B i AU, o AR A T4 A o

TEAFRIR R 63 M FEAr (4141 DNA FE4 31 f4i]
FMLAE ctDNA FEA 32 f51] ) Heder P 4 362 X K] 1)
703 AR AL (SNV) , 3 Je 30 ALY 34 4
P DU AE (CNV) | DL K 4 D EER Y 8 Fh Ay A8 1k
(SV), WIE 1A, TEZHZ DNA FEAR R ctDNA FEAS
Hh g DL L S AR ST SR i LSRR LR R HE RS 58
ARFNTC AR, s X AEFE A 21 DNA FML#K ctDNA
HR R R R A B 64, 1% (182/284) Fil 74. 5%
(301/404) , WLIE 1B C, ¥ B2 5 R 45 48 o028 () 4 A
iR FIHERS 58742 73 51 o 2 21 DNA FIIMLIE ctDNA 429
Ko HY 975 1) 28. 5% (81/284) Fi1 18. 6% (75/404) , H:
RALHE A Bl 948 K 5 U) 548 45 43 ] 1 4141 DNA Fil
ML ctDNA 4354 2825 1 7. 4% (21/284) F1 6. 9%
(28/404) .

TE 31 i 85 ZH 2 DNA rh 5 A8 SR8 1) 10% (1)
K TP53 (29%,9/31) . CDKI12 (22. 6%,7/31) .
FOXA1(22. 6%, 7/31) . JAK1 (16. 1%, 5/31) . MLL
(12.9%,4/31) . TERT ( 12. 9%,4/31), WLI& 2. 7&
32 ) E MR tDNA Hrg 5828 S48 i 109% 1) 55 [
A5k AR(34.3%,11/32) (APC(25%,8/32) .CDKI12
(18.8%,6/32) .DNMT3a(18. 8% ,6/32) . TP53(18.8%,
6/32) #1 MLL3(15. 6% ,5/32) , W& 3,

KT
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46 ) f8 35 h A 17 B[R AT T 226548 DNA
Hor AN MR ctDNA K] , 1 S AEAS A R ) 22 R 2
ARG S AE Y 27. 9% (84/301) o, Hirr A5 9 il it
A ] — B[] o5 SR 1) 1 50) i 4 SUAR AR 5 i W
ctDNA FRAS; A 8 1] F 35 (1) ctDNA FEAIE TE 3R HL
IR LA S W TSI I 5, &t 20 3 36
SrAbIM AR . [F]— I [A] SOy O 9] £8 3 2H 2 DNA
FUMK ctDNA AR A A 58 AR 25 R R IN, F 7 Bl
TEZHZY DNA FIIM I ctDNA Ao il s A ) 28 R 98 4%
25 1) KB A (] 3 D] 5 A o A I R 5R AR FF- A E
28% (14% ~60%) . 8 1|3 [ i a6 A i R 35 v 1 81
BRI ADT 3697, 7 0 835 432 ADT 3597 (1 f
1BY7 3 A H L6 BliAIT LAELL L) o 7 6] ADT 3397 J5 %
Kif) ctDNA FEA 567 HT 4121 DNA FEAR RSN 2845 1
— ORI, BR300 5. 6% (LK 5 AR B
544, Horh SRR e AR B 3 A4S, 4% | B AR K — 3K
FH 0% ~33%) , $&7-IG 7 I B I K 5 AR A7 AE W
WU, Hr AR(5/54) 2697 f5 I L i 2R %
248 AR RAZ [ e ADT 57 H%$T (B CRPC &
EYEEP S

46 {51 £ 3 v A I 6 B A A Rl B 5 R AH DG 1Y
GRAS A4 {5 LM R AL AU AR I s, 1 S sk AE I R
CtDNA FEASHRAGIN A 1 ][] ZH 2 DNA AL
R tDNA HG I i o 3 6 7] S5 T34 E 62,2 % 1)
12 PSA i % 103 pg/mL, H:p 1 4] 3 Gleason 1
53 4+3 43,1 il Gleason P43 4+4 43,1 f4i] Gleason 143
4+5 43,2 7] Gleason P43 5+4 43, A 1 53 HIAE MK
AL A 3 bl & 55 R 548, 4373 25 TMPRSS2-
ERG ,VEGFA-TMPRSS2 . ERG-VEGFA , H: i 12 it PSA
H127. 01 pg/mL, Gleason P£43 5+5 43, Il bR 43
T2cNOM1b(3 AbE56F54E) .

1 ) J 8 R 51 R 2 230 B2 B o0 58 R R i TR
A BRI A e, 6 E SR AR A 2 A Y ATR
FBXW7., MLL2, MLL3, NTRK3, PIK3C2B, PTEN,
TIPARP ({572 , I FB 35 TEAT R 9 i iR VTR IS I, 3
TR BRI IG AR, 1 4R J5 T 95 e 90958 & A2 Hii 91 g
JiRE K, ZJa kMG 2 E .
2.3 RRTALERTLA GG RS

TE 46 fil 85 A 14 GRG0 & A HR AHOCIHE A
HIZRAZ bR 4 B R A5, Hox 10 BIFFTE HR AH G
LR AR 20 e 247 , A0 45 ATR (BRIP1 ATM , CHEK2
MLH1 MSH2 RAD51C MREI11A MSH6, it
HR JEH AR (T I R e R ML 2848 ) 1) s 5 R

AR R HOB, 2 R R W A HR R 1 14 i)
HTEZWIIN [ Gleason P14 #& (A /K V-5 w5, IF HAfii2
NHEEA EZ ML, HR A2 Cleason ¥
7y =8 X LB 100% (13/13 fif, 1 451l J8 2 o 2
B m AR A 1Y 59. 4% (19/32 §]) | 22 5% A 4t
P X(P<0.01) s HR FER AR HEN # TS I A RS
KRS LB 78. 5% (11/14 1) w8 TR 5 H & 1
43.8% (14/32 ) , 225+ A Gt L (P=0.018) , H
HR 3 R AL #4175 v i e A i B R T 3 Ay
JIr o5 L M50t B i s L 2 I ) R 0 S B R A
HR N GRAE (TCIB I 2 BUA A i 58 ) S E AER 2 1)
(e 3 018 T3/°T4 WP o5 EE Bl 69. 2% (9/13 41,
LB E TG R i TAREIE R 59. 3% (19/32
Bl , ZZRA g X (P=0.031),
PRSI R HR AR, A IR R HR
AW BEFSFREAE TR, 4 BIEFR HR FEH %K
ARRE RIS AER N 51.5 %, B F/NT R AR HR
RAZEA M 70. 1 2 (P<0.01) o XHR/RH A IR Z R I
H 20 KL N AL (Y RTS8 TEAE A B A S 4
o 4 200 A TR P 4 R P R A2 1 /B 1112 Cleason
PIrH =8 45 (100%) , & FAE It R HR 28 4
Gleason PF-435 =8 /) EL B (85. 3% ,35/41 4], 1 5] i
HRFRER) , ZERARITFE X (P<0.01), JBR
RASFA LI ALHAERIZ I PSA=20 wg/mL [ LLA]
G391 50% (2/4 f5)) F1 77. 7% (7/9 1, 1 45 Jo k32 it
PSA ) , ZER G F 18 Lo Xl RES DB 1]
(2 PIRAR R AL B H WIS PSA {H<10 pg/mL) B2
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