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Molecular profiling of colorectal cancer with CpG island methylation phenotype
( CIMP ) by using droplet digital PCR

Hong Yonggang', Yan Hongli’, Tian Zhaofeng’, Wu Kang’, Hao Ligiang'“( 1. Department of Anorectal Surgery, Changhai
Hospital , Second Military Medical University , Shanghai 200433, China; 2. Department of Laboratory Medicine , Changhai
Hospital , Second Military Medical University , Shanghai 200433, China )

[ Abstract ] Objective: To investigate the clinicopathologic features of colorectal cancers with CpG island methylation
phenotype ( CIMP ) by using droplet digital PCR, and to evaluate the feasibility of determining the CIMP status using plas-
ma free DNA. Methods: Two hundred sixteen tumor and paired plasma samples were collected from patients with colorec-
tal cancer enrolled into Changhai Hospital from 2008 to 2012. DNA was extracted from tumor tissues and plasmas and un-
derwent bisulfate conversion. CIMP was determined by using digital PCR for the five genes CACNAI G, IGF2, NEUROGI ,
RUNX3 and SOCSI. P53 mutation was detected by immunohistochemical analysis. K-RAS and BRAF mutations were as-
sessed by nest PCR. Results: Among the 216 colorectal cancers, 17 ( 7.9% ) had BRAF mutations, 96 ( 44.4% ) con-
tained K-RAS mutations, 112 ( 51.9% ) were P53- THC ( + ), and 68 (31.5% ) were CIMP positive ( = 3 gene loci
were hypermethylated ). Most of the cancers with BRAF mutation ( 82. 3% , 14/17 ) were CIMP( + ), whereas only
9.4% (9/96 ) of the cancer with K-RAS mutations and 7.1% ( 8/112 ) of cancers harboring P53 mutations ( + ) were
CIMP( + ). Compared to CIMP( - ) tumors, the unique clinical pathological features of the CIMP( + ) tumors included :

[E€mB ] EFRAKRPAILSEBTH( No. 81471605 ). Project supported by the National Natural Science Foundation of China ( No. 81472770,
81272280 )

[MEFE®A ] PRNIC1983 - ), 5, L A i, E RGPS I FERE 5 15 PREF S, E-mail :hyg810@ 126. com

[BfEMEE ] BiZEFI( Yan Hongli, corresponding author ), E-mail : hongliyan @ smmu. ecu. cn; #3573 ( Hao Ligiang, co-corresponding author ),
E-mail: 13918125628@ 139. com, A N3L[FIEfFHEH

[fE5E&ZF ] htp://www. enki. net/kems/detail/31. 1725. R.20150728. 1358. 014. html



* 466 -

o [ fosd A M a2 2015 4E 8 H L,22(4)

(1) more likely to happen in the proximal locations; ( 2 ) more likely to be mucinous carcinoma; ( 3 ) higher degree of

differentiation. The overall survival period of colorectal patients with CIMP( + ) was significantly shorter than that with

CIMP( — ). When plasma free DNA from these patients was used for CIMP analysis, the consistency, sensitivity and spe-

cificity were 93.4% ,

87.2% and 100% respectively compared with the assay using tumor DNA. Conclusion: Patients

with CIMP( + ) colorectal cancer have unique clinical pathological characteristics and poor prognosis. When tumor tissues

are not available, CIMP analysis with plasma free DNA using digital PCR is a feasible alternative.

[ Key words ] droplet digital PCR;CpG island methylation phenotype( CIMP ); colorectal cancer; plasma free DNA
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A, Veriti 8 PCR {UX#5W H 5[ ABL A F] . 4HE
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LR AR IR, 42! DNA £ HU$% Wizard Genomic
DNA Purification Kit #h B 5 #/E. #li#& DNA U D
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wl, DNA Bt 2 plo A o 7 248 & 1T A9 S
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T AR AR, A O

% A7 PCR &35 (6 W20 1k, i B P 1
T:95 C, 10 min FAZEME;94 CAEME 15 5,60 CIR
K,60 s, PIELER T 98 C .10 min HUKTE . A
MRS 3 ASEATREI . PSR 8 96 FLAR
B AR U BUE S I AT QuantaSoft
V1.3.2.0 440 B SC i , A5 4a X i 45

R A e ddPCR (kAL TR, HA M{Fﬁﬁé’zﬂtjt
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Qﬁfr%ﬁﬁﬂﬁ, Z G0 A RE X BH A R0 BH A RO HE AT
B OARBEIE P 10 AR o B R T
10 000,RSD 7E 2. 6% ~ 12% ZZ 8], £F & A 0 i) 22
Ko WAL ATEE 246 Y DNA ( CpGenome univer-
sal methylated/unmethylated DNA from Millipore, Bil-
lerica, MA , USA ) A &y FHME FIBAPEXT IR & 7 41
Alu ( ALU-CA)TE R TR BRER A FR N 5 10 H 3L
AL HE % MIT)AYHIE -

MI = ££54( Gene: Alu )/ %F BE( Gene: Alu
=10% WA LR 0
1.5 K-RAS,BRAF %= P53 2 ¥7
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Pl B A 4 2 R BB AR A 12

P53 S AR FH ABC 2, 4% ABC ik
FIEA DAB A S Ui 18, 25 R LA A s A
B x 400 15 )H I =10% 20 i B A% S A o €6 i il o
EORAYERN . RAEF45 —HUAR B IEH S G
P ARRR S SRR AR RO, R FH AR W 38— B AE
AR IR, CL A BRI Rk PR R

K-RAS K& H 572 % ] 41X PCR # . >R
Primer 3 F2FFHE17 51901551, BT A 51 92 i 0 i 4
FH( L‘Ki VRS A BRAF A

551 A EAMNG18) PCR P36, AMIUS 8751 .
1E 11 5] ¥ 5-GTCGATGGAGGAGTTTGTAAAT-
GAAGT-3', = ] 5| ¥ 5'-TTCAGATAACTTTCAG-

), 24 MI

CATAATTATCTTG-3', §" % v Bt K /N Ry 465 bp.
PCR SV & Z 3L 10 pl, 245 1 x PCR Buffer, 2. 5
mmol/L dNTP, [ FIiE5 #1455 pmol . Taq DNA R &
fit; 0.5 wl LA # 10 ng 4z DNA. PCR 763 5514
94 °C 30 s.52 °C 30 .72 °C 30 s, 5EEFF 10 ¥k ;94
C 30 s.58 °C 30 s.72 °C 30 s, PG 30 K.

552 LIRS PCR 34, 51 4)% 51 .
5'-GTCACTTTTCATTATTTTTATTATAAGG-3", & If]
51 % 5'-TTTACCTCTATTGTTGGATCATATTC-3', ¥~
B4R BE R /INA 155 bpo PCR KW AR R L 50 wl, 145
1 x PCR Buffer,2. 5 mmol/L dNTP, I F 5|44
5pmol \TaqDNA R & 0. 5 pl LA 2 10 ng £A
DNA. PCR #E#2514:94 C 30 s.52 C 30 s.72 C
30 s, SEHEER 10 ¥K;94 C 30 5,58 C 30 .72 C
30 s, FHEFF 30 K.

553 R IR . B i AR R
BABRAFEXT PCR Pk 724k JF4E DNA J$51 53
Br, W K-RAS JE R AR R 2

BRAF ZR7ZE R (1 )ﬁHﬂJ PCR ¥4 ; 1E 0] 5]
H:5'-C-CTAAACTTCATAATGCTTGC-3", JZ [t 51 4 «
3'-CCTGAGATGCTGCTGAGTTAC-5", # 4 7 1 K /1N
254 bp, 10 pl ¥ 1A R 44 1 x PCR buffer,0. 5
pwmol/L I F #5147, 0. 25 mmol/L dNTP,0.5 U
Taq fif#,20 ng DNA #ifie, PCR ¥ #4878 :95 C A4
P 3 min;94 °C 30 5,57 °C 30 5,72 °C 30 5,32 M
372 CHEAH 5 min, (2) N PCR 9715 : 1E [a] 5]
Y. 5'-TCATAATGCTTGCTCTGATAGGA-3', S [ii] 5
¥):3"-TCCACTGATTAAATTTTTGGCC-5", ¥ 14 ;= )
K/INA 224 bp, 50 pl PCR ¥ 341K R 135 1 x PCR
buffer, 0.5 pmol/L . T #3549, 0. 25 mmol/L
dNTP,0.5 U Taq /i, % 20 ng DNA iz, PCR 4
TP R:95 C28 M 3 min; 94 °C 30 5,57 °C 30 s,
72 °C 30 5,40 MEFR;72 CHEMH 5 min, PCR =¥
afifl K e e 1 IR AR IR A FR A W 58 1
1.6 %itzan
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Prism 5 B2, x* K de M Fish B UIRER %50 B
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0.05 3 P <0.01 RRZEFHAZRIE L.
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3 ). 82.3%( 14/17 )BRAF 27L& T CIMP( + ), 1fii 2
H9.4% (9/96 ) K-RAS %75 M17. 1% (8/112 ) P53
ZRAFET CIMP( + )ZH( & 2 ).

5T K-RAS ,BRAF 1 P53 28754, [A] CIMP( - )
Sh EAFRAI L, CIMP BrivRg a8 ELAG R 4 I T P A
TEC K2 ) : A5 R A A0 S 235 W , 60 R P 9 T 491
L AR EE R R . UM E AR, CIMP( + ) A2 fF
A1) 2 2K T CIMP (- )4H( P <0.05,&13 ),
2.2 A ALRHB DNA #47 CIMP 5 & 69 8%
e 51

B IERE A A I3 I 25 DNA #£47 CIMP 43
R FRATTRENLEERE T 80 11145 FL A B & A48 39 )
CIMP( + )41 ] CIMP( -) 1, 2 1M 2% 7 25 DNA,
K 7 M 3% 57 55 DNA B DNA HUEARIB L. 0 T
FE SRR Cut off {H, B SR T 40 1 1E 5 A
(B A A FE o AR )BTRS DNA 5 AN 5E

A AR, R P S (9 FE IR Y FE 34k 7E 0 ~ 0. 4%
Z ], IR Cut off [HIRELE0.4%
|

v

sl

K-RAS mutant

K-RAS wild type

J\M\m i nJ\ o .,J\

BRAF mutant

BRAI— \\1ld type

1 BRAF 71 K-RAS =T F #6745 R

Fig.1 Sequencing results of BRAF and K-RAS mutation

®1 HF PCR &N REALH S| MRS T 5
Tab. 1 Primers and probes used for analysis of DNA methylation by DD-PCR

Prumers and pobes for ddPCR analyvsis

Giene 11D

Forvard primer {5-3') Reward primer (5-3')

Methylated probe (FAM) Unmethy lntend probe (HEX)

CACNAIG  TITITICGTTTCGCGTTTAGGT CTCGAAACGACTTCGCCG

1GF2 GAGCGGTTTCGGTGTCGTTA CCAACTCGATTTAAACCGACG

Neuro(il COTGTAGCGTTCGOGTATTTGTA  CGATAATTACGAACACACTCCGAAT

RUNX3  COTTCGATGGTGGACGTGT

SOCSI GCGTCGAGTTCGTGGGTATTT CCOGAAACCATCTTCACGCTAA

GACGAACAAUCGTCTTATTACAALGL

AAATAACGTCGAATICGATAATUGA AAATAATGTTGAATTTGATAATTGA

I'TTTCTATCGTCGCGAATTCGA ITTCTATTGI TGTGAATTTGA

COGATAACGAT ITTICGCGAA TATAAA TGATAATGATTTTTTGTUAAT ATAAA
COTAUGAATICGTTTAC GTAATICG TGTATGAATTTIGTTTATGTAATTTG
ATAATTICGITAACGATTATCGCGTA ATAATTTTGTTAATGATTATIGTGTA

* Forward and reverse primers were designed to bind sequences flanking known methylation sites in the indicated gene’s promoter.
A FAM-labeled probe was designed to bind methylated and a HEX-labeled probe to bind unmethylaed CpG sites. CpG
methylation sites are shown in red. Blue font indictes cytosines that were changed to uracil/thymidine by bisulfate treatment

W CIMP- W CIMP+

100

BRAF KRAS P53

B2 CIMP
Fig.2 BRAF,K-RAS and P53 mutations in
CIMP( - ) and CIMP( + ) tumors
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. 80} o 1 — CIMPEH)
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L2 60t -
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— | S
S wt L
Z b -
3 i
v 20F P=0.03 |

s
| S,
1

20 40 60 80
Disease-free survival (¢/'month)
3 CIMP( + )MEEFRELE CIMP - )REHEE
Fig.3 Survival time of patients with CIMP* tumor are
shorter than that of patients with CIMP~ tumor
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&l 4 2 NEUROGI & [R f LAY HY AR A4S T 7R 22
Bl 32#8F Mg h I LR 48.7% , KT
Cut off {8 10% , 1WA B AK( + )5 i 3% v H 384k
JEH3.68% , KT Cut off {H0.4% ,dFIK; Ky F Ak,
(+ )0 M 36#HE B AL 2 3L LR 0. 3%,
WA B - )53 T AR R 0. 16% ,
TR B AR — ). 7E 80 K6 I A 91w, 39 6]
Jiga 2 ORI A CIMPC + )RR £51), v 34 45 1 3%

Fr I A, Ay PH A 5 T AE 41 5 b g 1 2L b R I ol CIMP
(= i, 28R M2 A A CIMPC - ), & 1) —
HEHN 93.4% o FIFIMAK DNA #E47T CIMP 43 H4 11y
RIQEN 87.2% Fe 10 100% . S55R4ER , 75T
PoARAS e A 2L LT A I 2 0 25 DNA #6147
CIMP 43 B0 47A9 ( 3 )0 MR, ARBFFTFEA M
AER ZECIE T KA G — PRIk

Tumor Plasma

1 000 1 000
900 900
800 ! 800
700 700
600 600
Patient 32# 500 500
NEUROG | methylated 400 400
300 300

200 — 200 —

100 -~ 100 >
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
Methylation rate:48.7% Methylation rate:3.68%
900 900
700 700
Patient 36# 300 500
NEUROG ! unmethylated

300 300

100 - - 100 - | -

100 200 300 400 3500 600 700
Methylation rate:0.3%

0

100 200 300 400 500 600 700
Methylation rate:0.16%

B4 PhyEsHL DNA FAM3EHEE DNA NEELEE—H

Fig.4 Methylation status of DNA in tumor tissues are consisten with that in plasma

3

MIE A5 0 £ B, T LA 25 B g ) b ke
ST AL U SE R ZE AR/ et (R I A ) FN 2 Mgt 1%
ORI EIVE I SS 5 X TF45 B kA s A oF
AR 4 K-RAS P53 \APC 53 R R4 B & iF 58 15
FEHRA A FE R MR SR
A2 USRI SRR A] o HUE X TR
WA A% MU ARG B IR T I VE IS A AR 2 enig-
ma” ( MEfEZ 3 ). BR Toyota FLTE 1999 4F 5l #2
CIMP 145 B i e — PR S B 245 i , Ee
W OR ARSI At RO R R R A
L S AHAE G  BRAF 28728 3R g5 S s (0 H FT X
CIMP F1If A B4R AE — BLAFAE i, H 2R R 7
T T AT A BEASF] L CIMP 4378 1) 35k R A
TR ARG (4 75 A ) 57

ITE , CIMP & 29 AN —FIVRRIR 1Y 45 L i
A EAH RIS 2 A RRSE A H AR SEE T e
T E HE CIMP A AF 52 4870, Wi DR BRARRAIE 19 AN T
R, T AR ER T 216 BIEARREF AR KB
HIFRWISE . HAET CIMP R HFbREY A LS. R
WA 5% — e £ hMLHI . pl16 . MINTI . MINT2 il
MINT21 %5 ANFER ) CpG 5 BE4T B B4k 20 By,
54 CpG 557 3 4l 3 AL B A, BEA R
J2: CIMP it ™) S5 g pr o B SE AL T cAC-
NAIG. GRABPI . IGF2 . NEUROGI . RUNX3 . SOCSI .
HICI IGFBP3 \WRN “3:[H . Weisenberger %5 ¢/ &
ST 295 AG5 P SRS BRI T 5 A
FH( CACNAIG . IGF2 . NEUROGI , RUNX3 . SOCSI )
() oh - H Ak v UFE R CIMP 43 B AR s, I3
Wk Iz N . AT SRR X 5 AR AR 4

Priie
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H R FHA DNA F %10 ARG 2 4 P 364k
M PCR( MSP ) PyroSequencing: 20! MALDI-
TOF *' /il Real-time PCR ( Methylight )'*' %, DD-
PCR T H = R 8% 1 2 50500 O RE 1 R e IR 12
W7 B2 Rk AR 1 o AT P B BRIk, AR Y i DD-
PCR B H SR i i o 25 R R, v A
f) CIMP iR thA7FAE BRAF 578 %R ¥ , K-RAS F1 P53
AR FARAR 5 . AL, CIMP & A= 75 A7 2 F 45
W, RO R AR B i, A AE I R, B 3 AR CIMP

BEM ., P, NS5 9 /3 rh i 8 - CIMP
Jifgeg | X IE A IR TS A X A T AR iR
P HAIEE EENE L. ERE L WS R
45 P e R EL s TOCAE — 2 AR5 i R EL W T i
FIALE AN, R AL AR R 22 5, IR A 2
LSS B AR AN — P, T2 PR [R] A B0
H T CIMP % & A fE 445 W, TR e v 25 B Ji itk A 7
CIMP 4RI 3 LK

F2 CIMPRESIGEKRFEBIFMERNXE ol % )]

Tab.2 Relationship between the CIMP status and the clinicopathological features of patients with colon cancers ( n[ % ])

CIMP status

Feature N
CIMP( +) CIMP( -) P
Total number 216 68 148
Gender
Male 112 24( 11.11) 88(40.74 ) 0.0010
Female 104 44(20.37) 60(27.78)
Age (1/a)
X s 54.8 +8.6 62.6+6.8 52.4+7.4
Duke stage
A+B 64 20(9.26) 44(20.37) 0.9621
C+D 152 48(22.22) 104( 48.15)
Tumor location
Proximal 88 43(19.91) 45(20.83) <0.0001
Distal 128 25(11.57) 103( 47.69 )
Mucinous
+ 46 33(15.28) 13(6.02) <0.0001
- 170 35(16.20) 135( 62.50 )
Differentiation
Well 72 22(10.19) 50(23.15) 0.0354
Middle 101 25(11.57) 76(35.18)
Poor 43 20(9.26) 23( 10.65)
Lymph node metastasis
+ 102 32(14.81) 70( 32.41) 0.9740
- 114 36( 16.67 ) 78(36.11)
BRAF mutation
+ 17 11(5.09) 6(2.78) 0. 0021
- 199 57( 26.39) 142( 65.74)
K-RAS mutation
+ 96 6(2.7) 106(49.1) <0.0001
- 120 62 (28.7) 42(19.4)
P53-THC
+ 112 8(3.70) 104( 48.15) <0.0001
- 104 60(27.78) 44(20.37)
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Tab. 3 Comparison of the sensitivity and specificity of CIMP

analysis by using tumor tissue and plasma ctDNA ( N =80 )

Plasma CIMP
Tissue CIMP

Positive Negative Total
Positive 34 5 39
Negative 0 41 41
Total 34 46 80

Concordance: 75/80 =93.4% ; Sensitivity: 34/39 =87.2% ;
Specificity: 41/41 =100% % ; PPV: 34/34 =100% ; NPV :
41/46 = 89. 1% . ctDNA: Circulation tumor DNA; PPV:

Positive predictive value; NPV: Negative predictive value

DD-PCR 1) 2 & th a2 &2 PCR & 1 x 10° ~
1 x 10* % 3 & TRIF A 1228 224 (B FH 1 2%
li 25 DNA #47 CIMP 153 BU/D A il . A58 F)
FH DD-PCR 2 7 #| F ifiL 3% % 2 DNA #E47 CIMP
Sy BRI T AT 45 5 2 B0, s 20 UM It 2R RG ) —
kA 93. 4% | $E R BT B ALY T B0 1L AR A MR
HAWIEOLT R IR 25 DNA #4750+ 3 R
CIEFSE

(& % Wk ]
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