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I L HBUSP AR Mmoo (i 2 — A . A ahfh, S Bt iy 5228 R s, ADFSE B 7ET
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[ Abstract ] Background and objective Epidermal growth factor receptor (EGFR) is the most important therapeu-
tic target in non-small cell lung cancer (NSCLC). EGFR mutations may predict responsiveness to tyrosine kinase inhibitors
(TKIs). These mutations are commonly identified using direct sequencing, which is considered the gold standard. But direct
sequencing is time-consuming and hyposensitive. In addition, this method requires a lot of tumor specimens. Denaturing high-
performance liquid chromatography (DHPLC) is a rapid automated sensitive and specific method in mutant gene detection.
The aim of this study is to evaluate DHPLC as a rapid detection method for EGFR mutations in NSCLC tumor specimens.
Methods DHPLC was used to evaluate the accuracy and sensitivity of detection the serial dilutions of mutant and wild type
EGEFR plasma DNA. Frozen tumor specimens of 83 NSCLC patients from various ways had been included, after DNA extrac-
tion and polymerase chain reaction (PCR) on EGFR exon 19 and 21, the results from the direct sequencing and DHPLC
were compared. Results Mutant plasma DNA can be detected in the serial dilution of 1:100 by DHPLC and 1:10 by direct
sequencing respectively. The results from DHPLC showed 22 EGFR mutations were detected in 83 NSCLC patients, and only
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19 mutation samples had been conformed by direct sequencing. Moreover, the other 61 samples were deemed as wild type by

DHPLC and direct sequencing. The sensitivity and specificity of DHPLC was 100% and 95.13% respectively. The detection of

the tumor specimens from CT-guided transthoracic needle lung biopsy, lymph node biopsy and surgical resection all showed

high sensitivity and specificity. EGFR mutation has strong correlation with gender and pathologic type, but irrelevant to age

and smoking status. Conclusion DHPLC was a precise rapid preliminary screening method for detection of NSCLC EGFR

genotype.
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lung cancer, NSCLC ) IRITHLE, HARRE . B eE R
i UL T BRI 7] ( tyrosine kinase inhibitor, TKI )
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3% ( denaturing high-performance liquid chromatography,
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1.2 DNAFZH R B4 A PR Bl /N 41 2L 20 i
FERZADNAPE R A bR &, AR R, &
EppendorfiZ g 8 11 I 5 (S0 :E DNAZEE K 75 1, 2R E
#JE(HOD,, /0D, >1.80, JAEDNAWKE %10 ng/pL,

1.3 PCRY' 4 )3 HHPCRY MSEGFRAMNGE 719, 21AY3E
B A B 51 Primer Premier SE{4F A 1711,
HELY TR (KRE) BRAAG K. 51975
WIF: exonl9: S-ACTGTAAAACGACGGCCAGT-3’
FM3-ACCAGGAAACAGCTATGACC-5";
exon2l: 5$-AACACCGCAGCATGTCAAGA-3’HI3"-
CCTTACTTTGCCTCCTTCTGCAT-5" . JZM A . Hit
DNA 1 yL, ETFi#51#7451 uL, MarsterMix ( Qiangene’Z\
A]) 12.5 uL, M=ZKE SR RIS L, ROV A8
7595 °C. 4 min; 94°C. 30s, 58°C. 30sfl72°C. 45s,
PEFR30UK 5 72 °CHEMHI10 min, 2935 I HHHEE S HL Tk % 2 4
W Beo PCRIZ Y43 B FAAE HL 42200 )5 32: X DHPLC LA
NS

1.4 DNAFHMTFIE PCRy™” Wt it B ) i A 4
fb ( QIAGEN, 28704 ) , #lifbJ5 PCR™=HIME M, ff
FIBDT V3.10UJ5i %] & ( Applied Biosystems ) $iz Bt 156 HH 45
7£ABI3100JMJ#{% ( Applied Biosystems ) #4730l A&l .
K FH Chromas A7 iy [&13% , - HREGFRIE RIS 2.
19, 21578 Xk, ZAFDNAPH P45 5 F 1 S 7] 51 4
P A TRAIE

1.5 DHPLCK DHPLCHK: I f# FHWAVE45004% 82 A B 43
WM ERS (Transgenomic/z}ﬁJ ) s @fgﬂﬂfjﬂDNA SepCartridge
STEAE, WA AR RIREE R O NE S R EE IR AR
(triethylamine acetate, TEAA ) BCii| AYPEILIE . PCR™ )
AMEAEfT2A AL 3, A H TDHPLC/HM M . ARIHFFER
FA T AR AR 45 A BB o3 AR PR A5 A A R I A =, HE v
JEAE P A5 F F WAVE4500 R Geis 1 7KL 150 °C, K
HIDNASTF B K/ N HEARFIMPCR™ ) 5 40 A8 M 45 1
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T, PCRIWIZ9S °Cot A8 PE i 2 i v 24 L 42

AR A PRI AR I TR 5 TR AU , WAVE4500 R 4tk
DR 2 15 FHWAVEMAKERJK AL 2B 4 THUN , - AR 4 0 74
AL I RAHRAER IR, S F19. SRE 215
BH60.1°C. 63.2°Co 43l A L6 % 44 £ (1 EGFRYF
AR AR RUCRIVERAME . PRV IR, B AKIES M
X AR . DHPLCASIN H B2~ Hid 04 i e 35 8 1) Sl 2 A
R, A IR LS R ) 1) A A TR
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1.6.1 EGFREFAT | GEAS RGOk (A 2 SR I TA v b
P IR EEEGERIEIR AN 719 . AME 72 195 A= B v
SR (del746-750, L8SSR) Tal: JrHIHRHLE M
EGFRAME T 195825257 4 del 746-750 AU NSCLC A il 7
PC-9. EGFRIME F2158 AR K L8SSRIY AL ZH197S
DL EGFRAMNE F19. 213 4 B A= U (1) 2 il 3R AS4911)
DNANHEMHATPCR, PCR™ )R HIBEME ISR £ 2k
iriliaifl, 4lifkr=%15pGEM-T easy ( Promega ) #fA
Bz, FAL RIS S0, 37 CRliih s, Wi
Ve AL, FHERANRMEBELBEFRIE, 37 CREIKME
WA, FEEUTCRL, M, R ARSI IERTE. R
TR Y JFORE-20 *CURAR FRARAE RS FH

1.6.2 DHPLCAHG I A B0 4B 265 98 A48 HU R0 i A A
JURL I DNAYK YR 25 ng/ul, SRIFH1:1. 1:5,

1:10., 1:20. 1:50., 1:100LfPHs — IR A, ARG KK
T T 28 R A0 SR TR 42 . i AN T EL A
) ORI DNAYA 23 B HL L wLA A AR A TPCRY 1 f 4%
FHFDHPLCAKIN . AM T 1943 51 R FH AR 2S£ 8 K3
ARSI TR, AT AR AR TF2153 IR
oA A A TR

1.7 Gt SRAISPSS 13. 05/ BEf 742400 M. 1
FHyeH 3 LU EGFRIEAE 5 B M) . WRMRARAS . Bk
IR SE 2R o I P b ST REAR e 56 o 48 EGFR S AE B 5 f
AR H Z AR RS2SR . LAP<0.0S HEF A5
IE-3'8

2 R

2.1 DHPLCK: I A RUSNE BESCHRE2HEEGFRIME 19
AR S5 A IR, H R = A R A I ke 2 58
S BRI AR RN R R A . AWFSEXTEGFRAM 19
FEATA] L ITR A B B AR | del746-7508 2% 28 48 7l Ji ks
AIPCRI )53 A 7 AR ARV S5 BB A3 A8 1k 2 Ak T A

A I B P45 BT . M del746-75050k . B
A RUORE AL 100 U IR A, 988 R BOR A Al 4 E 3R P A
B AT, T B ST A I A2 1: 107K K (
1A) . EGFRAME 121 HAER FER 40 A8 P S AR5 A
W, KL8S8RFTHE . HFA: BYFTRL L 1:100 b VR AT 4% ik
ERH, BN A AT R 2 107K (1B
2.2 NSCLC/ME 4 2L EGFRIE L Kl 25

2.2.1 B EEAIZE R 83BINSCLCHRIZHZ ks
EGFRZEE19M], F7A8% 722.89%. HH oM g 1196458
100, A IFELNY, delB746-A750, delL747-A749
ins PLA S delL747-S752 ins S/ 06 . 34, 14], ~h5
T21 55750, LS8R, Ak i Hp e RI%7s
2.2.2 DHPLC5 HH 72 %) [ DHPLCH: Al A4 i 22451
EGFRES, RAFHEN26.51%. Hirp 3 (5] B 600 e 25 1
FIEE B A R (K2) , 4X19BIEGFRZEAE K 6105181 A= 7
W5 BN a R s (B3) , RAHDHPLCK I
Shy B A AR R Y Ry 9 AR R AR AR DA K A R 19, Ab
WA 2R IREAS . B A R 198 Uk R TR 58
705 T R P B 3 X A AT, DHPLCAR I W YA AL,
MELL X A AN RIS A B F 1o B 28738 . i Bk
A%, DHPLCILMUSNE (sensitivity ) 4100.00%, F§5%
P (specificity ) 4195.31%, H.XFCTH| 28 5z 4 il 28 4
TR . R E S A LA S AR =i LT BT 4R BB
i A AR X8 HLA s v R RURR B L RE SR L FH P
D ( positive predictive value ) , FHPEFII{E ( negative
predictive value ) . fRFHYER (false positive ) . fERBHTE
. (false negative) . WA R (diagnostic accordance

rate ) SRR IR DK (K1) .

%= 1 DHPLCGE# MINSCLCAALREGFRIE IS HTATITM
Tab 1 Evaluation of DHPLC as a detection method for EGFR mutations
in NSCLC specimens

Evaluation index Sample source (%) Total
TNLB TNLB SR

Sample size 37 15 31 83
Sensitivity 100.00 100.00 100.00 100.00
Specificity 96.55 100.00 92.00 95.31
Positive predictive value 88.89 100.00 75.00 86.36
Negative predictive value 100.00  100.00 100.00 100.00
False positive 3.45 0 8.00 4.69
False negative 0.00 0 0.00 0
Diagnostic accordance rate 97.30 100.00 93.55  96.39

TNLB: transthoracic needle lung biopsy; LNB: lymph node biopsy; SR:
surgical resection.

000000
www.lungca.org



o] il geE 2 520104F9 1 551345594 Chin J Lung Cancer, September 2010, Vol.13, No.9 * 853

A DHPLC direct sequencing B direct sequencing
non-denaturing  partial denaturing DHPLC

wild type wild type

homozygous homozygous

mutation mutation

1:1 1:1

1:5 1:5

1:10 1:10

1:20 1:20

1:50 1:50

1:100 1:100

B 1 EGFRSMEFT19 (A) FShEF21 (B) #iMGUREN R, BrkiRARTIE,
Fig 1 Sensitivity assays for EGFR exon 19 (A) and 21 (B). The arrows indicated the mutant peak.

sample DHPLC direct sequencing

case09 exon 21

case49 exon 19

B 2 DHPLCHE#ZMNFEAR TGN EE. fknRR

g, ESRIMNEF21 L858k WRTE,

Fig 2 Atlas of discordant results between DHPLC

and direct sequencing. The arrows indicated the
case63 exon 19 mutant peaks, the asterisk indicated no mutation in

exon 21 site 858.
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sample  EGFR mutant subtype DHPLC
casel5 exon 19 del746-750

case27  €xon 19 del747-749ins P

case56 exon 19 del747-752ins S

case81 exon 21 L858R

2.2.3 EGFRZEES5NSCLCEH ImIRFHERI TR ABFE4S
TR 83 JINSCLCH % EGFRO I 4 422.89% , k¥
EGFRZEZEH (37.93% ) m T HMEHE (L% 14.81%,
X’=5.712, P=0.017 ) , MRJEE# EGFRIE/LA (132.14% )
m TR R (RAEF3.70%, x=8.347, P=0.004) ,

SHE GRS A AR IR
NSCLC & EGFRIEE % 1540.74% . {HEGFRIL[HN Y 5%
WEHRIRES | AR A TEOC (P>0.05) -

3 g

NSCLCHE 7697 58 W F g >k B LA TG i i A A7 1
( progression free survival, PFS ) A TS S I il
JRAFFEIPASS ( Iressa Pan-Asia Study ) , EGFRZEZRWH7H
R JEIPES . ZHWMATRLH (objective response rate, ORR )
B TR EZEBH R4 (HR=0.48, 95%CI: 0.36-0.64,
P<0.001; 71.2% vs 47.3%, P<0.001 ) , [fij EGEREFAE: BNV 24
BEPFIRME T35 IR E (HR=2.85, 95%CI: 2.05-3.98,
P<0.001; 23.5% vs 1.1%, P=0.001 ) [3) | $LRAFIEEGERA}
19, 21 MNSCLCE H#HZ — K TKIsIRYT, Ak
85— )7 AL PES LR A= £7 B} 8] ( overall survival,
0S) , H#ERIMEMHZEA; AX FEGFRE LR
B, WIARMEMNTRIsIGI 3k 45 . #ia ik, 2010 NCCN
NSCLCIIf RS et v CAHERR S B & Je T — 4R

direct sequencing

[ 3 DHPLCEE#%MN F4&RMBRHENERL, &ikRR
Fig 3 Atlas of concordant results between DHPLC
and direct sequencing. The arrows indicated the
mutant peaks.

FEEGFRIFUB IS AZINSCLCE A . AL, HilEMANSCLC
BB IR YT ORI P B EGFRIE IR J& 15 A7 A6 28728 B RAF S
R, AETEBUR RS BT TKIs, B AR R R S KL ] 10 3
BT

H AT, DNAFAEM T EEGFRIEAFKIN 1“4 Frifi”
1 H R i R k. ABZrik B BB FET K
TR . A8 ek LR K, TFEGFRRAS
DNA & HHEA FIDNAFRI20%-30% LA A A ke . 1
I, A BRI PR | MRS AR . USRS
HAER B EGFRIEZKGI T3 . DHPLC T4 [ N AP 2%
B —F AT TR BB AT G 2R %
ALTE Rl — AT AR i TS BR LA =R inis 1. JEARPE
AAF MO TR /NI s TR AR A
BRI JPHNVRER AR MR 22 R s e R A%
fF: W8 BN ST 4 . iR o A M Ak ik
FHF IR 5848 S SNPR RN, At B ASHIF S BT B B B R
V-5, DHPLCH AR . midfe . #AER . 28T
LS, BN H TR RAEE WA L A AR
ARCATI G AR BAGIN . SNTP F4 G U R 5 PR R L AR A BT 46

WG RIN, DHPLCHA IR & R I BURE, Y
del746-750 . L8S8RIFTFIDNA(Y (5 S DNA T it 1: 1000} 4 A
PR ER Y, GRS 20—, ESCDHPLC
HAEREIE, ATAEARTR B SR = 37 . X T
EGFRAI it 19 DHPLCAEAE M S5 LA S &R 73 A8 P S5 11 R
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TR IS X84 AR Ay e, A e 7R 3% ) 35
TR AV S S T TEGERAM BT 19004, T FLA
FIT RIARINGEAE . AWFFE IR L HIDHPLCA I 1 83451
NSCLCHIR 4L 2L EGFRAMNE 719, 21MIEFIRE, 54
PR LN 7 1 LU A BBURR B S 100% 5 5 1895.31% . 1l
PHM: % 4.69% . EBHER H0%. MDHPLCIZWIEGER }
Az Y B 5 AR Y 5 G bR AT G R ARE 2% B BE A S0 1 % BA P
FHIMIE 43 514 86.36% . 100.00%, LWIFEE 3 496.39%.
[Fi] s AT 5 o JH IR A AR 23 Sl A T 8 Bz 2 ofl L bk L 2
TG LA SR AR UIBR =Rl R w5 342, DHPLC
AT 5 A ek B S5 R, BRI AN
[Fi) 2 U (g s A 359 T s R A 7 28 A8 K . DHPLCAE A
EGFRZEEZSRM w77, 5 axbne WA & i —2
P, &R DHPLCKI PRI A ALV AE 1 o FH AN

[) s AR AF 5 25 R4 7R 83 INSCLC FR % EGFRZE AL
H22.89%, k. MIEBHE HPEGFREZR R EH & T H
PE. AEMRIERE , EGFRIEAE SR | AR S5 I RAE
NSRTE IEN

25 LTk, ARBFIEA IDHPLC R4 AR TNSCLC
EGFRAME 19, 215878, WIAUESE 1% RS0 T T
HINSCLC A TR Y7 YLK 1T 1 EGERIE AR A1 77
RS BURE | R, [REE T 2Rk IE R
NSCLCMEIZHE,  H A B He00 sk o vy . o
LRSI R e 2R A, EAR I R IV

2 % X #
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