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PNA-Mediated PCR Clamping for the Detection of EGFR Mutations
in Non-Small Cell Lung Cancer

Kye Young Lee, MD,, Ph.D.", Hee Joung Kim, MD.", Sun Jong Kim, M.D.', Gwang Ha Yoo, MD.", Won
Dong Kim, MD.', Seo Young Oh, MS?, Wan Seop Kim, M.D?
Departments of Internal Medicine, ‘)Pzzrlzology, Konkuk University School of Medicine, Seoul, Korea

Background: Recent studies have demonstrated that the epidermal growth factor receptor (EGFR) genotype is the
most important predictive marker to EGFR-tyrosine kinase inhibitors (TKIs) and first-line gefitinib treatment will
be approved in the near future for use in non-small cell lung cancer (NSCLC) patients with the EGFR mutation,
Direct sequencing is known to be the standard for detecting EGFR mutations; however, it has limited sensitivity,
Peptide nucleic acids (PNA)-mediated PCR clamping method is a newly introduced method for analyzing EGFR
mutations with increased sensitivity and stability,

Methods: A total of 71 NSCLC patients were analyzed for EGFR mutations using the PNA-mediated PCR clamping
technique. Sixty-nine patients were analyzed for clinicopathologic correlation with EGFR genotype; 2 patients with
indeterminate results were excluded. In order to determine EGFR-TKI drug response, 57 patients (42 gefitinib,
15 erlotinib) were included in the analysis.

Results: The EGFR mutation rate was 47.8%. Being female, a non-smoker, and having adenocarcinoma were
favorable clinicopathologic factors, as expected, However, more than a few smokers (33.3%), male (28.1%), and
patients with non-adenocarcinoma (28.6%) had the EGFR mutation. Having a combination of favorable clinico-
pathologic factors did not increase the EGFR mutation rate significantly, Drug response to EGFR-TKIs showed
significant differences depending on the EGFR genotype; ORR was 14.3% for wild type vs 69.0% for mutant type;
DCR is 28.6% for wild type vs 96.6% for mutant type. The median EGFR-TKI treatment duration is 7.6 months
for mutant type group and 1.4 months for wild type group.

Conclusion: EGFR genotype determined using the PNA-mediated PCR clamping method is significantly correlated
with the clinical EGFR-TKI responses and PNA-mediated PCR.
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A olx] s Eedo s ke 717
o] A= g o R s, AEe 70.81+12.24)
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£ AL QI Zer FHE G 37 (4.2%), A
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Table 1, Patient characteristics (n=71)

Age, yr
Average+SD 708+12.2
Median (range) 61 (26~86)
Sex, No, (%)
Male 33 (46.5)
Female 38 (53.5)
Smoking status, No. (%)
Never smoker 36 (50.7)
Ex-smoker 16 (22.5)
Current smoker 19 (26.8)
Pathology, No. (%)
Adenocarcinoma 64 (90.1)
Squamous cell carcinoma 342
Large cell carcinoma 1(14)
Non-small cell carcinoma 342
Biopsy vs, Cyotlogy, No. (%)
Biopsy 45 (64.3)
Cytology 26 (36.6)
Stage, No. (%)
1A 1(1.4)
B 5 (7.0
1A 1(1.4)
B 2 (2.8)
A 1(1.4)
B 14 (19.7)
v 47 (66.2)

F9 178(1.4%), B 2AZAQE 394, 2%) 01 om, 27
AXE AETY 4578(64.3%) 0100 AR HAF A8
2678(36.6%) 0] ATHTable 1), W7¥E 2= IV 7|7} 474
(66.2%) 0.2 71 Bekal MIB7F 148(19.7%) 2.2 =

o|ct.
2. DNA 22|

e )} dAnjog Fakste] gl Enj| 232 ¢
A2 Sepol=oll FFAEF HAs 50% ol E3E
£ 49s TR AMEekEE xylene 0 2 A7
F 26 gauge FAP] vlbag o]&ste] of AlERRE
2NF8FATT. 10% Resine] S $J+= DNA extraction buf-
fer (50mMTris-cl pH 8.5, ImMEDTA pH 8.0, 0.5%
Tween 20) 50~100 xLol| NHE oF AZHS Eelsle]
€31 200 pg/mL Proteinase K&} &8+ T 56°CollA
e 1ARE o) Aelak - 100°CoI 108 <1 h3stel
o} 28ar 12,000 rpmollA] 10~ 158 F2F Yalielelar
Resine] EHA HE2 Folhu AEolee 215

o] PCR ¥hgol| ARg3FH ",
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3. PNA-mediated PCR clamping

FZ%¥ DNAoJA EGFR E¢Iwo]

Table 2, The PCR protocol
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A= PNA

Pre-denaturation

One cycle
94°C

5 min

Denaturation
PNA clamping
Annealing
Extension

4-Step cycling
94°C
70°C
63°C
72°C
No. of cycles: 40 cycles

30 sec
20 sec
30 sec
30 sec

Final extension

One cycle
72°C

5 min

M

ClampT EGFR mutation detection kit (PANAGENE,
Daejeon, Korea)E ARS-ste] &3t Real time PCR
7171 CFX 384 (Bio-Rad, Hercules, CA, USA)E A}8-3}
o Table 298] Whgxz102 A3solt,
PNAClampTM EGFR mutation detection kitol|A] 7<=
7Fsdh EdHolE Table 30 VepASITE op¥E fd
o} £A8}He= 119 PNA Z2H 7} EGFR 10
SE fA H9lol) EAshEo] 2HE Adfap] HE 2
Zo] AglEo] Crgko] #A et vhH EGFR &4H
o] ZE Fejel Aot TS - PNA Z2H9}
E/33kHA] Hskal SHEo] agke] YAl vERHAl ot
Standard Ctgkellx] PIA]o] AlZ 258 dojzl Cgts w
o dojzl ACte| g Felste] 7t s=e] EAdol

wE e

o 2

Table 3, The PNA-mediated clamping method detects 29 mutations of the EGFR gene

EGFR detection region

No.
Exon Amino acids change Base change
1 18 Point mutation p.Gly719Ala 2156 G>C
2 18 p.Gly719Ser 2155 G>A
3 18 p.Gly719Cys 2155 G>T
4 19 Deletion p.Glu746_Ala750del 2235 2249 del 15
5 19 p.Glu746_Thr751delinslle 2235_2252 AAT (complex)
6 19 p.Glu746_Ser752del 2236_2253 del 18
7 19 p.Glu746_Thr751delinsAla 2237_2251 del 15
8 19 p.Glu746_S752 >Ala 2237_2254 del 18
9 19 p.Glu746_Ser752delinsVal 2237_2255>T (complex)
10 19 p.Glu746_Ala750del 2236_2250 del 15
11 19 p.Glu746_Ser752delinsAsp 2238_2255 del 18
12 19 p.Leu747_Ala750>Pro 2238_2248 >GC (complex)
13 19 p.Leu747_Thr751delinsGIn 2238_2252 >GCA (complex)
14 19 p.Leu747_Glu749del 2239_2247 del 9
15 19 p.Leu747_Thr751del 2239_2253 del 15
16 19 p.Leu747_Ser752del 2239 2256 del 18
17 19 p.Leu747_Glu749del; p Ala750Pro 2239_2248 TTAAGAGAAG >C
18 19 p.Leu747_Pro753delinsGin 2239_2258 >CA (complex)
19 19 p.Leu747_Thr751delinsSer 2240_2251 del 12
20 19 p.Leu747_Pro753delinsSer 2240_2257 del 18
21 19 p.Leu747_Thr751del 2240_2254 del 15
22 19 p.Leu747_Thr751deinsPro 2239_2251>C (complex)
23 20 Point mutation p.Thr790Met 2369 C>T
24 20 p.Ser768lle 2303 G>T
25 20 Insertion p.Ala767_Val769dupAlaSerVal 2307_2308 ins9
26 20 p.His773dupHis 2319_2320 insCAC
27 20 p.Asp770_Asn771insGly 2310_2311 insGGT
28 21 Point mutation p.Leu858Arg 2573 T>G
29 21 p.Leu861GIn 2582 T>A

PNA: peptide nucleic acids; EGFR: epidermal growth factor receptor,
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4. AN

A3 A}Z 3= SPSS version 17.0 (SPSS Inc,, Chicago,
IL, USA)E ol&ato] AR atlch. 9 54 Hlael
oA A#-L Mann-Whitney U test,

Table 4, EGFR mutation testing results using PNA-medi-
ated PCR clamping (n=71)

3, Fdd, W7,

Wild type

Indeterminate

Mutant type
Exon19 del

Exon21 L858R or L861Q
Exon19 del+T790M

36 (50.7)
2 (2.8)
33 (46 5)
18 (54.5)

14 (42.4)

130

Values are presented as number (%).
EGFR: epidermal growth factor receptor; PNA: peptide nucleic

acids,

228 AA i_,r kA ARg-of T3l Bk-3-2 chi-square
test, F718) =SS Kaplan Meieri#} log rank testE
o]-g3te] EABFLh. pgkol 0.05 Wikl - FAH o
2 fold Aoz gusidn,

2 7

1, PNA-mediated PCR clamping2 0|28t EGFR ¢
#Ho| 24

7199 v)AMEHY A}oA PNA-mediated PCR
clamping W'HE& ©]-83}¢] EGFR genotypingS A|3y3h
A3} 367(50,7%) oA wild-typeo] 33M(46,5%) oA =
mutant-type©] ZAE AL, 29(2,8%) A= genotypeS
AR = IAH(Table 4). L o]+ F=% DNAY &
ARl A wholl PCR F3o] 2 w7 k2 o2 A7t

Table 5, Comparisons of clinicopathologic factors depending on EGFR genotype

EGFR wild-type

EGFR mutant-type Total

No, (%) (n=36 [52.2%)) No. (%) (=33 [47.8%))  No. (%) (n=69) prvalue

Sex, M : F 23 :13 (63.9) 9:24 (27 3) 32 : 37 (46.4) 0.002

Male 23 (7119 9 (28.1) 32 (46.4)

Female 13 (35.1) 24 (649 37 (63.6)
Age

Median (range) 57 (36~86) 63 (26~81) 61 (26~86)

Mean+SD 608+132 605+113 606+123 0.971
Smoking status 36 33 69

Non smoker 3 (36.1) 2 (66.7) 5 (50.7) 0.040

Current smoker 2 (333 6 (18.2) 8 (26.1)

Ex-smoker 1 (30.6) 5 (152 6 (232

Never smoker 13 (36.1) 22 (66.7) 5 (50.7) 0.011

Ever smoker 23 (63.9) 11 (33.3) 34 (49.3)

Pack-years 350+223 326+269 343+232 0.799
Stage

B 2 (5.6) 3 (9.1) 5(7.2 0.307

1A 1(2.8) 0 1(1.4)

B 2 (5.6) 0 2 (2.9)

A 1(2.8) 0 1(1.4)

B 8 (22.2) 6 (18.2) 14 (20.9)

\Y 22 (61.1) 24 (72.7) 46 (66.7)
Pathology

Adenocarcinoma 31 (86.1) 31 (93.9) 62 (89.9) 0.286

Squamous cell carcinoma 2 (5.6) 1(8.0) 343

Large cell carcinoma 1238 0 1014

Non-small cell carcinoma 2 (5.6) 1 (3.0 3 (4.3
Biopsy 22 (61.1) 22 (66.7) 44 (63.8) 0.632
Cytology 14 (38.9) 11 (33.3) 25 (36.2)

EGFR: epidermal growth factor receptor,

274



Tuberculosis and Respiratory Diseases Vol 69, No. 4, Oct, 2010

I}, EGFR E91H 0] exon 19 delo] 187(54.50) &
73 Hlert =9k FHolo] exon 21 1858Ro] 147
(42.4%), 1231 199] FAoAE exon 19 del? g5
A Eddeld T790Mo] sAlell A At

2. EGFR genotypem} QIAk-#ia| QIx}

min

19| H|x

EGFR genotype¢] ZAH 691 AES oA (wild-
type)73} Ho|(mutant) -0 2 TEI] Fo e <l
250l thate] Blnl E-XI5ke] HQICHTable 5). EGFR ¢
Hol= A2 oA4(64.9% : 28.1%), HIFARH62.9% :
37.1%) 0014 frefsHAl &2 HeE HIANE Jujzoz
HA| ok g2kl 3, FARIM = EGFR & o7}
WAL 58, S99, Y]l tisie folgh 2ol

319, 2 50%] FHEL Hol3 HAYIAE 79 F 2
3 28,000 PHES B EAH Folge waE
7 GI9lE R HAIgke] B4 AE o Al

E=

Table 6, EGFR mutation positive rate depending on favor-
able clinicopathologic factors

Female 24/37 (64.9%)
Non-smoker 22/35 (62.9%)
Adenocarcinoma 31/62 (50.0%)
Female and non-smoker 19/35 (54.3%)
Female and adenocarcinoma 23/35 (65.7%)
Non-smoker and adenocarcinoma 21/33 (63.6%)
Female and non-smoker and 18/28 (64.3%)

adenocarcinoma

EGFR: epidermal growth factor receptor,

wolekal Azkent, AR ZIdE ek Al A
AR ZIekE - AlololA] EGFR E1H0] HAEEol=
Frofgt zols BT F gidct

EGFR-TKI®l| that oFA wk-g-o] Evhal &7l -1
2] ARl o4, vFAAE, A9t T AAke} ERo]
Hisole] s vlws) & wf 954 dxpso] F 7|
Z5, AR Al 714 271 BFE 7RI Qe Ael=
EGFR ERo]&o] A S7FslA| SThe AR 8}l
& 4 qlof(Table 6), 93| IA=RE 7FA|L EGFR
EQHOIE o 5alx = QE=aL ¥E=A] EGFR E1H o] A
A AlBEjof st 21E AlAlehE Aksekal AZgict
g EGFR =S¢ ol7E 2919 3379] sAles 43
H 54 A} ShE gls A9 1H(3.0%) oA vt

Eeilo] PRI, F 7H g AT S B9E

lo

5 0
(15.2%) (0%)

Adeno
carcinoma

Non smoker

Figure 1, The proportions of favorable clinicopathologic
factors and each combination in EGFR mutation positive
group (N=33),

Table 7, The concordance rate between EGFR genotypes and TKI responses

EGFR wild type

EGFR mutant type Total

No. (%) (n=28 [49.1%]) No. (%) (1=29 [50.9%])  No. (%) (n=57) prvalue
Gefitinib 17 (60.7) 24 (82.8) 41 (71.9) 0.064
Erlotinib 11 (39.3) 5 (17.2) 16 (28.1)
Response evaluation
CR 0 0 0 <0.001
PR 4 (14 3) 20 (69.0) 24 (42 1)
SD 4 (143) 8 (27.6) 12 (21.1)
PD 20 (714) 1 (3.4) 21 (36.8)
Overall RR (ORR) (CR+PR) 4/28 (14.3) 20/29 (69.0) 24/57 (42 1) <0.001
Disease control rate (CR+PR~+SD) 8/28 (28.6) 28/29 (96.6) 36/57 (63.2) <0.001
Duration of TKI, Median (range), mo 17 (06~157) 8.3 (1.8~295) 47 (06~295) <0.001

EGFR: epidermal growth factor receptor; TKI: tyrosine kinase inhibitors,

275



KY Lee et al: PNA-mediated PCR clamping for the detection of EGFR mutations

100 ~
i
804 |
i EGFR status
~ :. ---- Wild type
S 604 —— Mutant type
© |
2 '
S 404 !
n i
U
[
20
0 T T

0.0 5.0 100 150 200 250 30.0
Duration of TKI (mo)

Figure 2, Progression free survival (duration of EGFR-TKI
treatment) according to EGFR genotype,
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Aol DNAZF 209 o2 HofoF AEs & < Slrkar
el Qi

3FA]F PNA-mediated PCR clamping BPH-& direct se-
quencing?h= 2] A2¢ EAH0IE A3 ¥ = ¢l
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PNA-mediated PCR clamping B 7+¢] |77} 2188
o) o] @77} B nrk g v oy A S
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