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Detection of K-ras mutation by PNA-PCR/K-ras method in diagnosis of colorectal cancer tissues
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[Abstract] Objective To determine the positive judgement standard of K-ras mutation detection method peptide nucleic
acid (PNA)-PCR/K-ras (previously established in our laboratory) and to assess its diagnostic value for colorectal cancer
tissues. Methods Plasmids with K-ras codon 12 mutation and plasmids with K-ras wild-type plasmids were mixed and serially
diluted into standard samples (mutation/total: 0, 1/3 200, 1/1 600, 1/800, 1/400, 1/200, 1/100 ) for six independent tests.
The mutation CT, total CT and ACT (mutation CT — total CT) values were obtained by PNA-PCR/K-ras method. After the
cut-off values of the mutation CT and ACT for K-ras diagnosis were identified by ROC analysis, the diagnostic criteria for K-ras
mutation was defined by combining both the cut-off values of the mutation CT and ACT. A comparison was made between K-ras
diagnostic rate by PNA-PCR/K-ras method and direct sequencing for 35 colorectal cancer tissues and their corresponding
adjacent noncancerous tissues. Results The mutation CT and ACT values for 1/800 and the above standard samples were
significantly different from those of the negative samples(P<C0. 05) . with the optimum cut-off values of mutation CT and ACT
being 41.7 and 15. 4, respectively. The diagnostic criteria (mutation CT<C41. 7 or ACT<C15.4) for K-ras mutation was set up

as AUC-ROC 0. 955 (P=0.001). According this diagnostic criteria, the K-ras mutation diagnostic rates in each concentration
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gradient of the standard samples (0, 1/3 200, 1/1 600, 1/800, 1/400, 1/200, and 1/100) were 0% ,66.7 % ,83.3% ,100% ,

100% ,100% sand 100 % , receptivity, with the upper diagnostic limit being 1/800. The diagnostic rates of K-ras mutation by our

method and by direct sequence method for colorectal cancer tissues were 45. 7% (32/70) and 18. 6% (13/70), respectively,

showing significant difference (P=0.000). Conclusion

rate than direct sequencing method for colorectal cancer tissues.

PNA-PCR/K-ras method has higher sensitivity and positive detection

[Key words| K-ras gene; gene mutation; peptide nucleic acids; polymerase chain reaction
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SA CTE) . il 1 fios, AR 1/800 K LA
WREERBEER) CT (B 5 B PE bR AR & Z 8 22 5 6 5
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K-ras 5878 B A FI W AR o R 28 48 CT fH<C41. 7 5
ACT fE<C15. 4,315 ROC M F LN 0. 955(P=
0. 001, & 2) , FH N 9 SRR FNRE S 1 20 00 R 91, 7%
(33/36)F1 100 % (6/6) . 4 It F Wy b 7 L 77 2% ¥ B A
JEE AR EFE 5L 6 At RS I, BE MR =R 4 B
0% .66.7%.83.3%.100%.,100% .100% ,100% . ki
DFBREP A 1/800, bR g RS WY, FAT IR i B 52 A8
CT {HM ACT {H 0] $& @AM K-ras 5878 B4 T B
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B 1 PNA-PCR/K-ras 75 i% %t 7 [ BL bt iR 6 BE AR AR
(RERR/EFEBER)EME CT E,
B CTER ACT ERERIER
Fig 1 Comparison of CT, total CT and ACT values in series
dilutions containing different mutations by PNA-PCR/K-ras
PNA: Peptide nucleic acid. ACT = mutation CT — total CT.
* P<C0. 05 vs the negative samples. n=42, xr=*s
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Sensitivity
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N ACT Ei2 B RZEH) ROC H &k 53 #7
Fig 2 ROC curve analysis of mutation CT and ACT
values for K-ras mutation diagnosis in series dilutions
containing different mutations by PNA-PCR/K-ras
PNA: Peptide nucleic acid; ACT=mutation CT—total CT

PNA-PCR/K-ras 7 IETERA LT K-ras 12,13
RS RAD R AR (12 T+ 13 B 1) K
HR B8 57, 1% (20/35) ,14. 3% (5/35) F65. 7%
(23/35) ., B4 00 1 1 58 28 A6t 5 40 51 o 34. 3%
(12/35).,0€0/35) Fl 34. 3% (12/35) , B4 J5 32 15 9
HAFWEARTERBEERAERITFE X (P=
0.001) ,Kappa {5 0. 428 (P=0. 002), fE¥ 554
4 . PNA-PCR/K-ras J71E W) K-ras 12,13 %+
G AR R RN 5 AR K R4 3l Ry 20, 0% (7/35) .5, 7%
(2/35)H1 25. 7% (9/35) , ELHz M J7 1k 1) 98 28 K ) %
435 000/35).2. 9% (1/35) 1 2. 9% (1/35) , Wi Fh
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X (P=0.004), 5T 958 5 % 55 40 20 58 748 6 D
18 . PNA-PCR/K-ras J7 51 K-ras 12,13 %5+
GRAE LR GRAR K R 3 i 38.696(27/70) ,10. 0%

(7/70)F1 45. 7% (32/70) , BLE I P 1 1 28 A8 K R
SR 17.1%(12/70) 1. 4% (1/70) F1 18. 6% (13/
70D, RN T R S SRR R E R AAE G I B X
(P=0.000),Kappa fE~ 0.426(P=0.000) ,

® 1 PNA-PCR/Kras RERMAFZFEERNFEESERERESALATAERHERNLILE

Tab 1

Comparison of positive results of K-ras mutations by PNA-PCR/K-ras

and direct sequencing for colorectal cancer and adjacent noncancerous tissues

Mutation for PNA-PCR n( %)

Mutation for direct sequencing n( %)

Tissue N P value® Kappa value
Codon-12  Codon-13 Total Codon-12  Codon-13 Total
Cancer 35 20057. 1) 5(14.3) 23°(65.7) 12(34.3) 0C0) 12(34. 3) 0.001 0.428(P=0.002)
Adjacent normal 35 7(20.0) 2(5.7) 9(25.7) 000 1(2.9) 1€2. 9 0. 004
Cancer—+adjacent normal 70 27(38.6) 7(10.0)  329(45.7) 12(17. 1) 1(1.4) 13(18.6) 0. 000 0.426(P=0.000)
P value® 0.002 0.125 0.001 0. 000 - 0.002
PNA; Peptide nucleic acid. *; Cancer vs adjacent normal; *; PNA-PCR method vs direct sequencing method; ¢ and ¢; Includ-

ed 2 cases with both K-ras codon-12 and -13 mutation

PNA-PCR/ K-ras 751 0] K H 9 41 SR AH R 95 55
HA P Koras 12 S 5R A8 350 5 57.1%(20/35)
F120.0%(7/35) , SR A 22430 2 65. 7% (23/35) Fl
25.7%(9/35) , ZZF ¥ G4 L (P 4 51250, 002,
0.001), 13 #5125k 14. 3% (5/35) F1 5. 7% (2/
35), R G E X (P=0.125), BN
K HH 98 AL SR A B g 55 A 20 Koras 12 B50S T 8 748
FAHIR 34, 3% (12/35) F1 0(0/35) , 13 % 55 F 43 1
1 0€0/35)F12. 9% (1/35) BB TC L AT 431 L
B, RRAASY R 34, 3% (12/35) F 2. 9%6(1/35) .
12 BT 3 A IR A K R 22 A it 2 (P
439250, 000,0. 002) , 45K, PNA-PCR/ K-ras J7
RS HENFERA e RN — B BT ARG
PR R

303 i

UTAE SR, Koras 2878 K500 )32 18 FH T i 98 4l B
LW AR S 25, (9% [ [ ST L8 A R E M 4% (NC-
CNDZ5 B o e PR 52 8% 45 9 ) 2013 4F 45 3 FR 44
WU BT R AR e R ARSI K-ras 3
FURE, R AE R Kras 2 E A4 @1 3% EGFR
Tk 300 Cln P 2 BB R JE BB R, B4,
(NCCN =R /N 4 Jitd fifi 95 I PR 55 B 48 w9 ) 2013 4R 55 2
B T Y B H Koras BN LA T R A8, A 2
W E % e A7 4y F AR R 97 . H AT e RR, 2
LE MK 7 PE1T 45 B P EGFR 0 1 iR
JTHT A JH R AT Koras JER A8 K0, I H B Hh

BE TS HRAY AH EHT EGER JAYT 28 i 648

BEEIRE MY K-ras ZERRAZKBM FiEE L, F
BA PCR 7= 4 BLHE D 3 L AR Wl R U 7 v L R A8
Fr SR R S (ARMS) | i 40 38 505 it il 48 0 bt
% (HRM) Ml StripAssay J %, X 8607 ik A9 R 4%
S ZES M B2 0 A B R R
AR S N B e N D () N e R
AT HE N, Jancik ZEUY | Tsiatis 27 Fl Ogino
SOV IR B g AR AR EY AR A K-ras B R 40 D
B DNA il 8 & 45 A 7] 98 48 $5 D1 E B 3 A5,
FET LR 5 F Keras 53728 K00 77 ¥5 B A0 R B, B
P vk R 25% ~30% EEBERR I T Jr ikl 594 ~
10% ,ARMS 5 1% ,HRM } 5% ~10%, StripAs-
say HE/INT 1%, Tsiatis Z 00 T Eik 4 05 3%
(8 BT 75 3 L I B3 DU T vk HRML % & Stri-
pAssay JyEETFERE 5K A 323 T BRI A A &
W DR 2T 0, B R G K G AG  1X 2 W R 0 P 32k
ARMS Jrik BAR A4 B E TP/ 0 R
FEA e . H IR R S 2 A
SR (CFDA) EHER) K-ras 2K MRH & T84
JE AR et A M IR A R T O
PCR ik, RBUEAE 1% A . AU B PNA-
PCR/K-ras 278K I J7 1k R AL W &3k 0. 125% .
{HL b SR 50 SR A SR TR R B 1) JB A TR 5 A AR )
PAF N — A A Mk DNA i — 2B 50k,

AT 5T i # S7  PNA-PCR/ K-ras 275K
75 Y RS I R BR AN Cut-off L ¥EAT T 80 & WF5T L IF
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