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FRE A I EGFRIE R G A K /53, AEASHENR IR b afe—2 4k FIgGE

[ %8818 ] P IBAAIRAS RGE; TaqmanRil; FEAKETFZA 4R8N iR

[ FEISES | R7342

Detection of EGFR Gene Mutations in 100 Non-small Cell Lung Cancer Clinical
Samples by a Real-time Polymerase Chain Reaction Method Using Amplification
Refractory Mutation System Specific Primers and Tagman Fluorescence Probes
Jing ZHAO', Jinyin ZHAO?, Xiao ZHAO', Weijun CHEN?, Wei ZHONG', Li ZHANG', Longyun LI', Mengzhao WANG'
'Department of Respiratory Medicine, Peking Union Medical College Hospital, Peking Union Medical College and Chinese Academy of
Medical Sciences, Beijing 100730, China; *Key Laboratory of Genome Sciences and Information, Beijing Institute of Genomics,
Chinese Academy of Sciences, Beijing 100029, China

Corresponding author: Mengzhao WANG, E-mail: mengzhaowang@sina.com

[ Abstract ] Background and objective Epidermal growth factor receptor (EGFR) gene mutation is the most im-
portant predictor of the efficiency of EGFR-tyrosine kinase inhibitors in the treatment of non-small cell lung cancer (NSCLC).
The detection of EGFR gene mutations can guide individual therapies for NSCLC. Numerous methods are used to detect
EGFR gene mutation and each method has different features. This study aims to establish a real-time polymerase chain reaction
(PCR) method for the detection of EGFR gene mutations using amplification refractory mutation system (ARMS) specific
primers and Tagman fluorescence probes. Methods ARMS specific primers for the two EGFR gene mutations (E746_A750
and L858R) and Tagman fluorescence probes for the detection of the target sequence were carefully designed by the Primer
Premier 5.0 software. Then, using the recombinants containing E746_A750 and L858R mutations as the study objects, we
further analyzed the sensitivity and lower limit of this method, and then determined the cutoff ACt value to evaluate specific
or non-specific amplification. A total of 100 clinical samples were collected and used to detect the EGFR gene mutations using
this method. Results The lower limit of this method for the detection of EGFR gene mutation was 10 copies if no interference

of wild-type EGFR gene or background DNA existed. Regarding the method sensitivity, the detection resolution was as high as
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1% and 0.1%-0.5% in the background of 500 and 5,000 copies/puL wild-type EGFR gene, respectively. Regarding the method

specificity, non-specific amplifications were found when it was used to detect 21 L858R mutations in leukocyte DNA samples

from healthy volunteers. However, the minimal ACt value was 14.48. Non-specific amplifications were not found when detect-

ing 19 Del mutations. Among the 100 clinical samples, 39 mutations were detected (19 Del and 21 L858R were 21 and 18,

respectively) using this method. The total mutation rate was 39.0%. Conclusion The proposed ARMS-TagMan real-time PCR

method for the detection of 19 Del and 21 L858R mutations in EGFR gene was rapid, simple, sensitive, specific, and applicable

in the clinical setting.

[ Keywords ] Amplification refractory mutation system; Tagman probe; Epidermal growth factor receptor; Mutation

detection; Lung neoplasms
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T AERKEFZIK ( epidermal growth factor receptor,
EGFR ) J2&— P25 552 UAC I 2 B VIt , 32 DXl ) i o
AN ( non-small cell lung cancer, NSCLC ) F/JH4
B AERM S S A EEE L, KR R%
B, EGFRALN A MRS JE T E B GFRIS 22 IR I 511
(‘tyrosine kinase inhibitor, TKI ) 7 %4 5 B 5 ) T (R 7~
FAE M INSCLCH AR EGFREE R 28 IR 2 G T %2,
JEUE BE BER — 2V HEGFR-TKIF Je ik 55 . EGFR
SN ARG J7 1A R 2, HorfrScorpions ARMSIE HAY
R R RAERIE . ZERES A BEIES
P, FE—S RAG RO P 2 R, (A A
ARSI 2% O A IE SRR E ER . ik, ATA FB0t 1
EGFREEPH ' WA B ARMS S [, FFIK G Tagman P EH 4
AREEN TP R 28T DASCR B AS Iy ik
FHHAG TIERCR, Rk,

1 #MR57EZ%

1.1 ARMSH| ¥ K Tagqmand&5F 53t 7838 B 5 57
W E RS By ( National Center of Biotechnology
Information, NCBI ) Zi#& /% B 2REGFRE KL JF 41, EGFR
Exon 19 E746_A750 delfllExon 21 L8SSRZEAR(E H. 735l
2235 2249 del 15412573 T>G,, )i JfiPrimer Premier S.04K{f
TEE746_A7SOMIL8S8RAM I ITARMSS| ¥y, HAC #4224
BiFE, GC& T N40%-60%, Tmf{H }yS8 °C-60 °C, ¥ 1 H-
B R /N K80 bp-150 bp, Tagman#fEN K H2671~-301Fi;
3, GCEHHEM40%-60%, Tm{H 568 °C-70 °C, 5 7FEGFR
Exon 2 RIS W AIERE, fEHNZ . D Exon 19
E746_A750%25% 287 FllExon 21 L8S8R ki 5825 ) STk bR i
(P E R BEAG s LR BT g% ) SRS,
328 R N7 A | FIR BT o
PENETPCRINAK R AT (20 pLRAFR ) : 2

xTaqman Universal PCR Mix 10 yL, [R5 [4 (10 uyM)

£0.5uL, 8% (10uM ) 0.4 pL, DNAKEHL (2 ng/pL-20
ng/uL ) 2 uL, Zi/KEZEZE20 uL, PCRENVFLTF: 50°C.

Smin ; 95 °CHIZZH10 min; 40MEH: 95°C. 15s, 60
°C. 45s (PEZOL) ©

1.2 RAEPRE: FFExon 19 E746_A750 del#1Exon 21
L8S8RJF R A ifE i % 10° copies/uL | 1x10"' copies/pL | 1x
10” copies/pL, 1x10° copies/pL, 1x10* copies/uL, 1x10°
copies/uLIEATRB MRS, 2 LIBTENIVE, HEAT R
PERE, BB E A AL,

1.3 B IR

1.3.1 19508 7B RSB UM K Exon 19 E746_A750
del 22 AR AU LA A E]S00 copies/puLA15,000 copies/uLf
Exon 19¥F A= RUFORL (phrp [ RE 2 e 1 bt 1k D 4B BT i
%) b, WIRAER (GASTYREIN S AR UL DU P
AYH) HRIKCA109%, S%. 1%, 0.5%. 0.1%. 0%MIFEAS, Fi
LAFTEESE B A A, DA s HCAGI Ak

1.3.2 215ME 7 8RR UM KfExon 21 L8S8RFEAL
R 43 5 in A 1 S00 copies/uL 15,000 copies/puLExon
218 AERIORL (ph b FE R b st R D RS E BT I i )

W R R AR AR IR R 10% . S% ., 1%, 0.5%. 0.1%., 0%
AIREAS, F LTS By ARG, D i A DU 5
1.4 RSP M cutofEHAf E  LL1OM) 1E % A 141 lEDNA
RS, WS ng/uL-50 ng/uL, FfT6IREL
PERE, GEit A i B AR R S 1 CHE AR A N
ZCHH, HAHACHE (ACt=Ctyyq-Ctys ) o MKIHAK
cutoff ACt="F-74ACt-3xSd-3, 3154 H!cutoff ACt,

1.5 100f/yNSCLCZZUbRA iyl

1.5.1 FrAU4E . DNAFEEL NSCLCHRAS K [ 2008412
J1-20104£12 ] JU 5T WIRFITEE Be P N BRI s iy, HL
ZelfIR . B REIZ R A/ i 4, 3E100
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i, Hrp B3, Lotk47l; BT (A SR
IS ), W22, Hoe7E (AFE w11,
KRERI6H] ) 5 BEAERHScorpions ARMSEE RGN ik (AR AS
2901, BB E SRR RSk . SR ESO A AR
A IEY] R DNA (i R i Ak Tiangen2H 2UFE A JE [H 4] DNA
PREGH G o e, MM HOEE T E DNAK
&, JIBEDNAWE T2 ng/uL-20 ng/uLZ ], {7 F-20°C
VKA

1.5.2 ARMSHEEG Tagmand®E AR KMNSCLC A1 2L EGFR
SEIH G

1.5.2.1 FHPEXFRR AL 2 DIFREAY20 ng/pL ik # A4k

[K4HIDNAN 5, JIl AExon 19 E746_A750 delfllExon 21
L8S8RISAFHY T, ] G 1: 1) 28 A B XS Bl i o

1.5.2.2 I PRAEAS RGN 5 8 1 1B 2 37 Y ARMS-Tagman
PCRI I A 7 K S o AR e % T MO 14 Ik R ARE AR R4 7 42
W, B FEA Y B — A B X BAE A (LA AR
B ) RN B X B AR

T ENMEARMACE (ACt=Ctyeyy ;-Ctys ), K

Y1475 7 ) cutoff ACHE FIWZE R . 25 ACHE /N T-cutoff
ACHE, W FHPEREAS ;. #5ACHE K T cutoff ACHE, WI2H
BHPEAREAS Bl A

¥ ARMS-Tagman PCRAGI FHYE A HR AR 2 4F
E, R E R T 5E R

A7 55

2.1 ARMSH|Y) K TagmantfEl LI2AMNE T HNE, F£1F)
H TR TINS5, 195MNE Bk RAFARMS S 4 |
215 F S AFARMSE 1Y), L T45 A 5 38 = Pk )
() TagmanR 741

2.2 ARMS-Taqman PCRJS W {4 Z A5l 7 S5 R XFEGFR
FEPR ARG 924 B (19 Del 121 L8S8R ) , ARMS-
Taqman PCRJ5 AR AT I 2 1x10" copies/pL, 1, 2
A3 B 7 19 Del FI21 L8SSREG I S 1

2.3 ARMS-Taqman PCRJZ W 1A R Kl BUSPESS R X T19
DelZ8%F, W3, FES00 copies/pL AT A= il Uk 15 5

# 1 HRMEGFREEExon 19 E746_A750 delfAExon 21 L858RIEEFT & ITHIARMSS | ¥ TagmaniR§t 551
Tab 1 Sequences of ARMS primers and Tagman probes designed for the detection of Exon 19 E746_A750 del and Exon 21 L858R

mutations in EGFR gene

Primers (5" -3")

Probes (5" -3")

Exon 2

Internal control

Exon 19 F: AATTCCCGTCGCTATCAAAAC
E746_A750 del R: ACCCCCACACAGCAAAGC
Exon 21 F: AAGATCACAGATTTTGTGCG
L858R R: CAGCCTGGTCCCTGGTGT

F: TGCCAAGGCACGAGTAACAAG
R: TCCAAATTCCCAAGGACCAC

FAM-TCTCAGCCTCCAGAGG
ATGTTCAATAACT-BHQ1
FAM-CCAACAAGGAAATCCT
CGATGTGAGTTTCTG-BHQ1
FAM-TTCTTTCTCTTCCGCAC
CCAGCAGT-BHQ1

Delta Rn vs Cycle

3.50

250

180 |+

Delta Rn

nond | | /

B 1 19 Delt& ik, 19 DelREE R
| ALREMERCR A 1 1X10° copies/uL.
1x10* copies/uL. 1X10° copies/uL. 1
X107 copies/uL. 1X10' copies/uL,
Fig 1 The amplification curves of 19
Del mutation (the concentrations of

-0.50

- mutant plasmid was 1X10° copies/
uL, 1X10* copies/uL, 1X10° copies/

123 456 78 9101 12131415161718192021 2223 24 25 26 27 28 29 30 31 32 33 34 3536 37 38 3840

Cycle Number

ul, 1X10° copies/uL and 1x10'
copies/uL, respectively).
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Delta Rn
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10%
5%
1%
Delta Rn vs Cycle
10%
| 5%

Jf

B 2 21 L858RiaiMih%, 21 LB58RIRIE
B FRLR M ER 0 1 1X10° copies/
uL. 1x10* copies/uL. 1X10° copies/
uL. 1X10” copies/uL. 1X10' copies/
UL,

Fig 2 The amplification curves of 21
L858R mutation (the concentrations of
mutant plasmid was 1X10° copies/uL,
1X10* copies/uL, 1X10° copies/ulL, 1
%107 copies/uL and 1X10' copies/uL,

respectively).

B 3 19 Del#£500 copies/uLEF &
BRHERT, IRRFE10%. 5%.
1%. 0.5%. 0.1%. 0%HIRE K,
ARMS-Tagman PCRAT#H & 1%%R
TEHR,

Fig 3 The 19 Del mutation
amplification curves for different
concentrations of mutant
plasmids (under the background
of 500 copies/uL wild-type
plasmids) showed the detection
resolution was 1%.

4 19 Del, #£5,000 copies/uL
HEARMERT, RRFE10%.
5%-. 1%. 0.5%. 0.1%. 0% KR
&, ARMS-Tagman PCREA#HE
0.5%RLTRHA,

Fig 4 The 19 Del mutation

0.5%

N

amplification curves for different
concentrations of mutant

plasmids (under the background

of 5,000 copies/uL wild-type

1 23 45687 8 91011121314 151617 18192021 2223 24 26 26 27 2629 30 31 3233 34 3536 37 38 39 40

Cycle Number
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Amplification plot

©29

& 5 21 L858R, 7500 copies/uLEF 42! &

MERT, OREE10%. 5%. 1%. 0.5%.
05 o 0.1%. 0%HIZRZER, ARMS-Tagman PCRA
10%
04 oo Sa BHA1%REEI A,
0 /
£ os Na Fig 5 The 21 L858R mutation
= a2 e amplification curves for different
0
i 0.5% concentrations of mutant plasmids
7 —— _ e (under the background of 500 copies/
i 1a 20 = 24 = 28 3 32 3 % 3 @ ML wild-type plasmids) showed the
Cycle detection resolution was 1%.
i 1
Amplification plot & 6 21 L858R, 75,000 copies/uLEFAER!
FHERT, RRFEET10%. 5%. 1%. 0.5%.
wa 0.1%. 0%#9Z8T %, ARMS-Tagman PCRAT#:
0.4 HE0.1%REEHEAR,
& 03 Fig 6 The 21 L858R mutation amplification
=]
0.2 curves for different concentrations of
a1 mutant plasmids (under the background
oo of 5c000 copies/uL wild-type plasmids)
18 18 2 = 24 2 2 3 @ 7 # &4 21 showed the detection resolution was 0.1%.
Cycle
Dl Ry vs Cyele
i
240 _./f..
'.-'
r'f.
3 rr"l
Internal control /
750 I | I \f};’ I
2 4 4 4 'lrrll‘
2 19 Del_ /
=] 140 A ;
A1 Y
' 14
4
.-'}
nan __,X |7
,.-/_. :
0 | p—— _———— ———
n&n
1 3 3 4 85 B 7 B 81011213 &0 e 2t D232 3% I 3 28 SN J2 033 J0OE5 36 3 om 39w

Cycle Mumber

Miscellaneous
peak

7 71 Exon 19 E746_A750 Deletion322s : 5 5e4& Ml 5l F 45 R

Fig 7 Exon 19 E746_A750 Deletion mutation (sample 1): the results of ARMS-Tagman and sequencing
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* 30 o A 2 520 134F 1 1 51684 10
Eefia Bnve Cycle
L]
3in
1 /
150 /
Internal control
1 |
g
B yAy
21 L858R
: i
J// I
.50 b
¥,
i e B R S A O R e R O e —
050
1 1 & 4 5 B T & @ 90 10 12 1% 14 15 46 17 18 18 30 1 22 33 24 25 26 IT 24 2% 30 I 3T 33 34 35 36 37 3@ W 40
Cyelo Muribar
Normal

L858R mutation

% 2 Cutoff ACtEZITER

Fig 2 The summary of cutoff ACt values

B 8 #72 Exon 21 L858RZ:RZE : B kta
MENFER

Fig 8 Exon 21 L858R mutation (sample
2): the results of ARMS-Tagman and

sequencing

Mutation Mean Minimal Maximal The occurrence frequency of non-specific cutoff
ACtxSD ACt ACt amplification ACt
19 Del \* \ 17.24 0 10
21 L858R 15.53+£0.47 14.89 15.95 6/60 10
* means the non-specific amplification.
KA H N 19%; W4, 75,000 copies/uLAIEFA i (6/60) . HUEIFEIAS, cutoff ACEH10,

kit T, Ak 26 40.5%, X721 L8S8R, il

&S, F£S00 copies/uLAEFA: R FORIET 51, Ak HRAR K

H1%; W6, 1£5,000 copies/uLHFA: B Bk 1y 5 T, 0]

K28 A8 4608 0.1%

2.4 ARMS-Taqman PCRJY W& Z cutoff ACHE X F4&: 45
SEE, WER2R, 19 Delk WARK: SVED 1, cutoff ACt

BE R10, 121 L8S8RIEEALAFAE— & R IARRE Fe 4

(21/39) ,

2.5 100 NSCLCIlfs FFEA A I 4
FRAS, K FARMS-Tagman PCRAGIMEGFRIL[N 84, 4%
/R, 19 Del 214, 21 L8SSR 18f], 55754 4139.0%
(39/100) .
21 L858R543.9% (18/39) .
Xf ARMS-Taqman £ il BH P4 45 4% i 1
RWoR, s

S 100|NSCLCZH 2H

MEGFRIER A A E, 19 Del 551.2%

TR IE, 4
& L 5 ARMS-Taqman%é K il 45 5 58 4 —
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. K7, E84riliE/R19 Delfil21 L8S8R ARMS-Taqmanii;
W25 500 P25 51

100FINSCLCHRAH, A3 295 b5 A< BE 7 15 %
Scorpions ARMS#:EF 1 EGFRAEEL R R AR KGN . 7E 31X 29
BlFRAH, Scorpions ARMSTEAS Hi19 Del 34, 510.3%
(3/29) , 21 L8SSR 64|, 520.7% (6/29) , HEARK
H31.0% (9/29) o Xix29filbr4A, ARMS-Tagmanikity
H119 Del 3/, 510.3% (3/29) , 21 L858R 5, [517.2%
(5/29) , ERAEAHN27.6% (8/29) o WFIJrk19 Del
K — B 4193.1%, Kappa=0.627; 21 L8S8RIELH:
H—F%496.6%, Kappa=0.890,

3 it

Z RO IR ShRMELT A, HA
EGFRILEHRAZHNSCLCHE Z [# FHEGFR-TKI, HA W
e B ML Z fif 2 FIPES, [FIE B A iG e i, BT
It, FAE2011RNCCN NSCLCHs i st WA di i, XTIV
WAEBENSCLCE , W JeATEGFRIE S BRI, Qi iiAy
TEEGFREER 7%, 1697 FARSGHEFEEGFR-TKI, A I,
EGFRFE K 5722 [ I X4 5 R B AR AR 7 7 22 Rl 2
HATEE L,

Hil, C4iiAMEGFRIEK AL LA KL F 60
P, M 29Rh SR AS i R WL, AL FE19F19 Del | 35
20 Ins, 21 L858R, 21 L861Q. 20 T790M. 20 S7681, 18
G719A . 18 G719SH118 G719C, ‘B4 5 EGFRIELH %
AFRTIf99%, HE EGFRIEN G AR K RIZE I, , 1 HLAN
EGFR-TKU 7 Z A RIFAHHYT, I I ARALER IR
16 FEGER-TKIFYfd T, #l (0 ix 29Fh# ULEGFREE[H %
AEEA TR, A2 DA I R PTG o

KTFEGFREEN R M I iEAIRE, &E¥H
X ERHEAT T RIS . EAHOE LR HiE
7% . DHPLC, PCR-SSCP/RFLP, Scorpions ARMS
Tagman PCR, ME-PCR&, XLEJ5 & AMHk A, H
R LE I DR RN BRI b A H R 09 T ko B U Y 1 R
Scorpions ARMSH: . L4 2k e AT B, JHOAS I A
EPEL20% 547, T HAPBRE S Temt ok Iy, AHIZ
El‘]ﬁl:}ﬁ%ﬁﬁ%kfﬂ~%%ﬁ E@*%ﬂ%ﬁo Scorpions ARMS
T 02 9 [ QIAGENZ /] H- & i —Fh ik Ak i) &, 3
BPJRER X AR H W29 EGEREL K 28 AR AT AN, 207
PR F15Fs (Scorpionstiit . MIEIRE ) SHe Sk
IJARMSH | W AHES & B3 R 1, ARMSH |43 b i TH7E

RAL A, I a— S R, RAA 513
ARl oE SR, AREIE WY 1S, 4593 AR i & LR
BCRS, BT . 45195 =B 255 I i fif
AR 05, SIS e AR BB 4 B B XU g T T
SYIGP A, SR bR 9 4 2 R K
Ty B O . T IR E R IR 1%, TRl iR B
PRAERIGE . 25 HRR S . ARSI aY. HE,
PRI BB 7E — R P CR S H (] B A I 3 29 i EG FR 3 [H] 5
A, IRZSARMSH | Y FIScorpions AT (A I 9% 1T 5 5,
2414,00070 /9], A<iE A3k EINSCLC HR & (15 B0 I
.

A S T N7 Y Taqman-ARMS K I J7 75 7 J2 5
XJ X 29 R EGFREE N 28 8 v s, Jlad A E BT WARMS
519, R P 3 3 ) Taqman K i ET A Scorpions
PREE, (AR A R R AR, 2930070/ 61 5 T X5
FPAU R, FRATHE MR A T EFXF19 Delfi121
L858RA s I HARMS 5| ) Fl TagmanfR £ . 75 JCHF
AL DL K35 St DNATHE M OL T, A5 ir 57
[ ARMS-Tagman PCRJ; 45 I R B AT 7510 copies,
TR 35 0.19%-1% ,  [A) I HA A5 i 1 R St . ZEXT 100
BINSCLCIIfG PRARAS B A A, AS i 58 B A1 37 ) ARMSS -
TaqmanJ7 ¥ K HI EGFRIE A 28 45 % 4139% ( 39/100)
35 SR PR T R EGFRIE R AT 30%-50%
LA RAS RN —38, MEGFREER R AiE, 19
Del[553.85% (21/39) , 21 L858R546.15% (18/39) , iX
A5 SR R 4 T8 1 EGERIE R 278 3 A3 15 L5 W) A o
1 5jScorpions ARMSI HLALAH TR, PRI ik HAT 8
ARSI — 3%

Zi b, AW T ) ARMS-Tagmanik j& —Ffipl
LR DL S HLA A e 7R R R R B EGFRAE [H] 58
ARG 7k, AR, (EASTEIM IR FiE— DA g
ks

& % x #f
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