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A fine needle aspiration biopsy (FNAB) is the primary means of distinguishing benign from
malignant in thyroid nodules. However, between 10 and 30% of the FNABs of thyroid nodules are
diagnosed as 'indeterminate’. A molecular method is needed to reduce unnecessary surgery in this
group. In Korea, most thyroid cancer is classic papillary type and BRAFV600E mutation is highly
prevalent. Thus, this study compared the pyrosequencing method with the conventional direct DNA
sequencing and PCR-RFLP analysis and investigated the evaluation of preoperative BRAFV600E
mutation analysis as an adjunct diagnostic method with routine FNABs. Sixty-five (78.3%) of 83
histopathologically diagnosed malignant nodule revealed positive BRAFV600E mutation on
pyrosequencing analysis. In detail, 65 (83.8%) of 78 papillary thyroid carcinomas sample showed
positive BRAFV600E mutation. None of 29 benign nodules had in pyrodequencing, direct DNA
sequencing and PCR-RFLP. Out of 31 thyroid nodules classified as 'indeterminate' on cytological
examination preoperatively, 28 cases turned out to be malignant: 24 papillary thyroid carcinomas.
Among that, 16 (66.7%) classic papillary thyroid carcinomas had BRAFV600E mutation. Among 65
papillary thyroid carcinomas with positive BRAFV600E mutation detected by pyrosequencing
analysis, each 3 cases and 5 cases did not show BRAFV600E mutation by direct DNA sequencing
and PCR-RFLP analysis. Therefore, pyrosequencing was superior to direct DNA sequencing and
PCR-RFLP in detecting the BRAFV600E mutation of thyroid nodules (p=0.027). Detecting

BRAFV600E mutation by pyrosequencing was more sensitivity, faster than direct DNA sequencing

or PCR-RFLP.
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18 Seo Young Oh and Hoon Taek Lee. Evaluation of Pyrosequencing Method for a BRAFV600E Mutation Test

oldl HAE sl Ast] $ioto] T4 Acto] EAl-HsHA 9l A
7} == 913, BRAF " Zoiulo] Sz} 7HAFAT o A] 1A
k= S oA fFe, B3] 25 TROIA S B3k L of
Fof| =AtE]o THEH, oA Ao} Ax Yo A= WA ] oF
O n g I 5ot ol §-8-8F fAAE gl A Qlrk(Jarry

et al., 2004; Kim et al., 2008).
BRAF= RAFS] Al o]8H|(A, B, and O] slUt& AlZ/Ed 2
Ftolu|o] 25 T sloh= Tl ol RASSF AYste] 435
AolthDavies er al., 2002). BRAF -§-4419] T1799A &1 o]
chal 2] Aol A VEOOER obn| At X218 3}a1, X|2hg o}l
AR BRAF 7hodo| 25 @/dststo] T4 f-7ehe] ek
Rkt 2 8.3 99k SHekKimura eral, 2003). F2 1AM
9] BRAF Aol 2/t A Edwo]d] RlE = 554
29 ~69%& VFERdTtal B 11819 1(Xing et al, 2005), 89 4
H7} e Tl 0] 74P S ot A BRAF " Eqduo] vl
= Ao vlste] 73~86%= HAL A EALEIthKim er al,
2004; Kim er al, 2006; Chung et al., 2006). W2kA] Chung 5
(2006} BRAF' ™ E¢ilo] 4AAS ohkel AL 5]
A FARE & § gom AFAA A AzgAet

BRAF""" E¢lwo] Eapehyol o] Wity Hushgl

a
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Y

d
=
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-
a

BRAF""F Zofuio] Bz}
Ao AREE] 11 9] 2 ¥ (Mane eral, 1990), F B 714 E £4
H2 SAHOAe} op o] EA gl ARl S, 20~
25% o/de] Z Mol A| 7} s of o At A o] 7RsSkalL, T
SFEA MG A 18 e s o] o] AR E = RAHO R o
L-of] A|eFo] glrhar 3t THMane er al, 1990).

BRAF'*" Zolo] 541 0] 4L 120]7] $J3}0] Agaton 5
(2002)7 A9 o2 AFAEL SNP (Single nucleotide
polymorphism)¥4] 02 Ed¥o|E B4k A28 d714F
EAHQl pyrosequencing 45 of st A+E Al3eta,
pyrosequencing A2 of 2] 7FA] Holl A A A7 A E 24
W1} ck2 okl sFIcHFakhrai-Rad er al, 2002; Garcia er al,
2000; Ronaghi et al., 1998). wrehA], B A=A 24 GA}
o] 4] BRAF"*"F Ze1uio] G247} 11AHA 9-59F 71
S0 Aok FA2H)S 3131l pyrosequencing AT H
I, Bolx B AP S A A7 E 4 9 PCR-RFLP

A
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Sty o] e e] 7| Eutd-S 2AKSEe] 2010 894 2012
W 3970 R A Ado] dAE SAES AEEH 1
o o] MRS A EAAL S
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omBE AFuel WALS 22T SNU-790 AZSALS

SNU-216 MEZ3A] 0%0fl4 100%7H4] AZHAES 3438

AR Al 5.9) A4 ZIehe flote] At fej&eto| =
oA A Eeto] =2 A A &, 26 Gage FAMFSS o]-8-3to] 7t
& oM 2T FrolH it Frold IS 10% Resino] o
30 uLO] HAF 2 F2=N(50 mM Tris €94, pH 8.3; 1 mM
EDTA, pH 8.5 5% Tween 20)°] 4il, 100 pg/mL PK
(Proteinase K} A g]sto] AIE7}F £H418] 52 wj7k4] 56°CellA]
HRS-BFI T, 11 S0l HHEZ 100°Co A 105 59t 71d8lo] PKE
E8/3t Al7]14L, 13000 rpmof|A] 102 &<t ilwelsto] B4t
o] x| o] Ql= TN 5 uLE FERL AT ARSIt

(Oh et al, 2014).

4. Pyrosequencing 24

Pyrosequencing £ BRAF E<¢1Rlo] 248 9Jsto] Atk
I }o]H 5'-biotin-CTTCATAATGCTTGCTCTGATAGG-3'9} &
uHF ol 5'-GGCCAAAAATTTAATCAGTGGAA-3'S ARg
BF 3L, BRAF -84} 9l 152] T1799A ST 0] 7} of A} e = 5L

-
HE TUALAN LSO R FHA TULLAS S



o2 20 pmol ] AuFekt Hukek sgto] | 0.2 mmol dNTP, 1.5
mmol/l. MgCl,, 1XPCR buffer, 1.5 U Immolase DNA
polymerase (Bioline, London, UK)E Yo Azt &, 5 uLo] ¢
ARS o] SESIGTh W22 95°Coll 1087t 27194 AlZ1
T, 94°ColA] 54, 94°CollA] 302, 55°CollA] 302, 72°Coll A 30
1139 cycless FE3taL, 72°Col| A 581t $7] whg-ohoict. 5
S A A WS AvH= 2% agarose gelS ©]-8-3to] 217 bp2] =
2 ZEH AES II8HIT). Pyrosequencing £41 91310
biotin®] A% FZAME 20 uLE Streptavidin-separose bead
(Amersham biotechnology, Uppersala, Sweden)”} 3= 2%t
22N (Biotage, Uppersala, Sweden)} 2-¢}s}o] ’é‘%"ﬂ/\i 10
&9t Wbkl SEANES beadoll AFAIH T SEARE] A%
=l Streptavidin-separose bead= 96 UF1H|E] o| A €] & ulo] =
21 (Biotage, Uppersala, Sweden)S £33 PSQ 96 A=
IAE| S2HA7] 3L, Streptavidin-separose beado] 23t &=
FARES WA B A, 714 et Eof Qe
ZH(Biotage, Uppersala Sweden)®]l bead %53— 80°C°ﬂ
A 2L7J HAAIZ T T e 108 F9F Aol &
o} ZEAREO| AR A 0 2 AT 1 QR T T
7] E PSQ96MA System (Biotage, Uppersala, Sweden)a o83}
o] BA3}c}, 47| A1%= PyroMark ID (Biotage, Uppersala,
Sweden)E ARSSFRL AL 7| E9F 7] A Sl Abel A Al 5w Dol w)
2} AJFBERAT

OE

SESIG FEaL ?M %
‘% ha‘rOlﬂi 0.2 mmol dNTP,
.5 mmol/L MgCl,, 1XPCR buffer, 1.5 U Immolase DNA
polymerase (Bioline, London, UK)E {0l AlZ3t 3, 5 uLo] 3
ARE Jo] SESIGITE W22 95°Cofl 1087 279 AIX1
B, 94°CollA] 5, 94°CAllA] 30, 55°CAllA] 30, 72°CellA] 30
27139 cycless SESHIL, 72°CollA] 587 7] Bhgseltt. &

E}gl}: o 1
=
& Jo
ﬂ‘)’ i
S ofN
T =
3 1*
o P
o B o
T

o o3
::l‘ ‘o b

=

S A MRS AT} 2% agarose gel~ ol-g-5tof 217 bp«] =
7|2 SEE AR IS G714 G B4 S A At
S0 7 ZEH ARES AARES ABI 310 DNA analysis system

O‘

(Applied biosystem, California, USA)S o]-g-8}o] E¢imHo| & 2+

ISFA
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6. PCR-RFLP 24t
PCR-RFLP £-41& %’4 FE R A2 BRAF 444} 2
£ 159 T1799A 9

5'-TAAAAATAGGTGATTTTGGTCTAGCTCTAG-3'¢} SriaF
gto]m 5'-ACTATGAAAATACTATAGTTGAGA-3' & AR&-dlo] &
Ealgict. o

SR A AT SN2 20 pmol 2] ¥t o
o xato]™ (0.2 mmol dNTP, 1.5 mmol/L MgCl,, 1xPCR
buffer, 1.5 U Immolase DNA polymerase (Bioline, London,
UKYE ol Al£3 %, 5 uLe HAkE Yol S35k qie vhe-24
£95°Cell 1087F 271978 AR 3, 94°CellA] 54, 94°CellA] 30
Z, 54°CollA] 30, 72°CollAl 3027t 35 cycless SHAIZILL
72°Cell Al 583 $7] §EE8E 5, 2% agarose gel-& o851 195
bp o] FHAAAHRE A Felsleinh o] 24% ¢
AR A= 6709 G719 C/T A71E BAlol QIASHA A2 =
Xbal (TAKARA, Shiga, Japan)& AH8-8HA Tt Algta A vh-g-ol
1xM buffer, 0.01% BSA, 15 U/uL Xbal 0.5 pL& Z8sto] Az
SFRLAL, A2 ASta A W Hof] FEAE 10 uLE il 37°Ce]
A 9087 §HSAIZ1 3, 7% acrylamide gel-& o]-8-5to] 21519
ch. A3H= BRAF " Selwo|7h 22481 %% 195 bpo} 166 bp
9] 9JX|o1 A 5 7 o] Whe=s) Lpehtar, BRAF Eel#o| 7} 24
SHA] b= 9ol 195 bp x| ol Al Shute] et R b=

z1el ¥ 9t Hayashida et al, 2004).

[e

7.8

2 A7 2He BRAF Ediloo] o 2t A Wizt
T, Eo|r gl Atk Hot w5 Felslr] Ysto], TP (true-posivite),
TN (true-negative), FP (false-positive) % FN (false-negative)

1

7 Balarh XSl AR TZFE 9 Eo|x HAoA]
B3Aol 2o A 2] oAl o & BEslgln), 1w AvkAAR o]

d

S, Solw 3 g3 o] FASH] 42 SPSS Windows
version 16.0 L2138 o]g3s}o] ROC (Receiver Operation
Characteristic Curve)341 -SAX 2\ 0 & #4315t ROC3H
A A ‘Jﬁ/\PH”ﬂL] A S Bl FARAH Y SIUE, &
W(Cut off)] $1A]ofl whet WIZt e of Sol %=
= BAO|THR 5, 2002). ROCTHATol|A]
FAXOE fFofet A o & gt

A7) OFAl L. 1,]-

mlo .|

00501} A

T ={TP/(TP+FN)} X 100;
Eo]Z=(TN/TN+FP)} x 100;
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A o ZX](positive predictive value, PPV) Zoo] 34 A S SNU-2162 o]-8-3819] pyrosequencing &
={TP/(TP+FP)} x 100; A, A 7)1 QR4 2] PCR-RFLP W o2 BA3H
A4 of|ZX](Negative predictive value, NPV) t}. 71 A3} pyrosequencing £-4 oA B o] oFAJQl Aol
={TN/(TN+ FN)} x 100; opye Bt A E] A =9l wf, ‘A’ 7 T2 fzol= T 739

A w ={(TP+TN)/(TP+TN+FP+EN)} X 100, L=olof| vl slo] 7FAIYI) =, BRAFV6°°E EolHo] R4 9l Tt

°J°ﬂ uhek-f-ooHA A #RhE = Ae BIsk Tk Fig. 14). 12

1.

O

k G B4 25 22l ey At 7|50 2 Aty I EAHo] HEH O WS v 3P°4 43 A3}, Fig. 10414]
At pyrosequencing ¥AH, HAHF7IMEEAH 123 H=Hle} 7Fo] pyrosequencing 2A4TH-S 814u]&0] 1:99 (1%)
PCR-RFLP £41919] 274 075 B71817] §13to] Aslgirkk o4& BRAF Selulo] 7} 1= 9| hFig. 14), 2 H &7 A
>().75: excellent, 0.40 <k <0.75: fair or good, k <0.40: poor). A EAHA A= 10% o4Fe] B wo] gjito] glr]ofof 7 Zo]

75619 1(Fig. 1B), PCR-RFLP E41HL& 20% ©]A4ke] EoiHo]
A 1} dto] agtE|ojof EelHo] HEo] 7HsslAThFig. 10).
1. MEZZ 0|28 BRAF" S¢1t40| 241 H|m 2. BRAF*"F SQIHH0| 2XIRITHHO| DIZIE g1 RIEHY 71| H| W
BRAF“™F Zdiuio] AZHo] viztes elely] ¢jsto], AR Az} AT o] Aeha] 71A] g7hE $iet
BRAF'F Zeido] of4] S0 A3 SNU-7907F BRAF™®  ‘gold standard = 424 & 2 &AW ej3ha] 0 2 #che]ol 7] Anta
Mutant : wild type Mutant : wild type
%) (%) A B . %) % = R B... - e
\j ‘ _ N |
100: 0 h - 20:80 " L b
| ¥ Oy |
4 | *
80:20 ' LA 10:90 W ,
== T | TS e bl i
H & & & 4 Fe Al A | N ] . L‘ J LI T 1] i E ¢
1| a u ‘ 1:99 % | | .
60 : 40 ' ; ‘ , v e
i1 - ‘ |
SETEERREE wf AT Proter e o b okl Al LU LY WYL
40:60 ¥ R 0: 100 (M, ‘
USSR \ .

Fig. 1. Results of titration assay assessing the sensitivity of pyrosequencing (A), direct sequencing (B) and PCR-RFLP (C) analysis to
detect BRAFV600OE mutation. DNA from BRAFV600E mutation—positive heterozygous papillary cell line (SNU-790) was diluted with
BRAFV600E mutation —negative stomach cancer cell line (SNU-216) DNA to generate mixtures containing 0~100% SNU-790 cells. *Lower
limit point of BRAF'®* mutation.
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Ao Bk o] kA 71X H 7}
1)1 PCR-RFLP
Z(PPV), 2Ad&%

T
. 71 A3}, pyrosequencing F-A1H

2
0>~
2
1w

1

2
=
=t
o

fot

1

et
et

-0,

o

2

o

1231 91.1%9] 2 =5 UER L, A A7 A E BA 3t

6%2] I, 88.67} 84.8%2] %

] AHE] NEZARE o]get HAaofA

pyrosequencing #4112 213 4714 4 =412 PCR-RFLP &
.

oA GO <2t

Tj
O
o
o
—
o
dr
1%
E
flo
~I
~
o
\O

d

AET 1 s, S0l
(p=0.027) (Table 1). ]2} 22 A3}= pyrosequencing £-41H o
A BRAF' " Sodo] oF4Jol 560 9] Sot A5 2 4714
& 24313} PCR-RFLP 241 0 = gieleh Ak, A3 A7 1L &

= -
AL 5%91 3994, PCR-RFLP&-

ki

il

1%
E
rlo
o
N
NS
ro
n
£
=2,
>,

Pyrosequencing 241 % o] 4] BRAF'® E¢ito] &4 o & L}
U HE A5 2 A7 D 4ol PCR-RFLP £ 9 o] A]
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0.88% T A 7HA] ARG R =4 YR, e o
pyrosequencing 41 9] 7HX] = 0.68 5 A4 A7 A G4
$9] 0.590]4} PCR-RFLP &A% 0.465c}t A Veptt
(Table 1).

3. MIAIZ91 A|Z0iA BRAFYOF EiE10| 24 71

A=

W AAE] AIEAAF AlRE ©]-8-5k] pyrosequencing
] ot BRAF' Zollo] 47|14 do] Msls B, 2%
o] u}2 7HHAl A8 o] BRAF' Y Zeiuio] o] uhy
yrosequencing 4150 2 dIst Ay}, 2 A eh4 Ao
Jg0F 0 & Xtk 830 3 78.3%<1 6599 4] BRAF ™ &

o o] WHEIIL, MIFY & AR Ak 78
ol A1= 83.3%91 6591074 BRAF % Edwlo] 42 Helrt, 1
E3 gholut 290]19] G4 AHo]Al= BRAF ' &
Aol 7} TEE]R] AFSITKTable 2).

=
1o

ok
=
es]

I o fr

¥
o fo
X O

re
o) FE

ACH
=
W T
£
)
P~

T EdWol A9 AE Bk ARG Al ALl A EAISE L0 2 B 31419 74
E, 2 AL J)F 02 NS Ak 24 A8e 2XHoR e B Ak 2800l oo At
Q5 B7HE fIgtHl ol A, vl 7HA W o 7hak A= 0.4 oS E A3, 19]19] A g} 2009 ARV d5AlS Tk 39
T A 4 Sl Aol AL, AR Al AR 7hiA) 7} O O ZHE ERESUCE T1e)ar o o & ZIekE 289|9] 74
Table 1. Comparison of four diagnostic tests to detect thyroid malignancy in thyroid nodules
FNAB cytopathology Pyrosequencing Direct DNA sequencing PCR-RFLP
(%) analysis (%) analysis (%) analysis (%)
Sensitivity* 100.00 82.30 77.20 69.60
Specificity 84.80 100.00 100.00 100.00
PPV 95.20 94.30 93.90 90.30
NPV 100.00 58.50 52.30 45.10
Accuracy 92.40 91.10 88.60 84.80
Kappa value' 0.88 0.68 0.59 0.46

Permanent histologic diagnosis was used as a reference test to calculate each parameter.
*Pyrosequencing analysis was more sensitivity than direct DNA sequencing and PCR-RFLP analysis (p=0.027). The kappa value (k)
indicated the agreement between four diagnostic methods and the permanent histologic diagnosis.

Table 2. Rates of BRAFY®®® mutation by pyrosequencing in thyroid
tumors according to histologic diagnosis

Table 3. BRAF'* mutation status by pyrosequencing analysis in
nodules with indeterminate FNAB cytology

BRAFVéOOE BRAFV6OOE BRAF\/éOOE BRAFVGOOE
N%aST:;al Mutation (+) Mutation (+) NoC.aSTgéal Mutation (+) Mutation (+)
Cases Cases (%) Cases Cases (%)
Malignancy 83 65 78.3 Malignancy 28 16 57.1
papillary carcinoma 78 65 83.3 papillary carcinoma 24 16 66.7
Follicular carcinoma 5 0 0.0 Follicular carcinoma 4 0 0.0
Benign 29 0 0.0 Benign 3 0 0.0
Nodular hyperplasia 23 0 0.0 Nodular hyperplasia 2 0 0.0
Follicular adenoma 1 0 0.0 Follicular adenoma 1 0 0.0
Hashimoto's thyroiditis 3 0 0.0

www.kjcls.org
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A AAEo=, 249)9] G740 £ Y ohS 2B QU
oh EQF M-SRl Al Al A EEFAISE FHo & Aek FRE Al
22 pyrosequencing £4# .0 & BRAF " Zi8lo] 2 21013}
A}, 2409] G5 F 66.7%S1 169]014 AE 201 G0 &
A5H= BRAF % ool 7} Sholw| 9w, 169] 438 A&} 2
olo] AAA A EIE 30]9] o4 A Mol 4= BRAF X"

EAHol7F WA kI THTable 3).

=t
=

[

A ZPFAIGHS] AT AP G2 A AL B AT
2317] 9J3to] 1AM S ko] TelEl BRAF T Eel
o] fAAE At BAAR A goteit vt 2251 9)
(Jarry eral., 2004; Kim et al.,, 2004; Kim et al., 2006; Kim et al.,
2008; Chung er al., 2006). BRAF ™ = o] o] tjat 48] oAt
AE AR, A f5FelA Chung 5200602 86%,
Kim $(2004)-& 83% 2] 1 Kim 5(2006)2 73.4%2] BRAF "
Edulo] S BT, BRAF " G447 AP 59 Kt
FARE G881k B skt B Aol A 22 8h4] ZAfo]

j=
o8} At} 2ol LA AT AEAA A RS ol§3tel
BRAF'F S ¢llo] o} £.5 BAISE Ak, ZAHAILO R Bl 4]

N,

o

2o rg
[o}
o,

ol 4] 78.3%] BRAF " Sl o] A& HAT, AL 5
fQRo & BRE A o)Al 83.3%0) BRAFT Elo] 44
o] T E|o](Table 2), A1t AFAE o] Afef-FARE 277
=Sk, whebA] BRAF O Ak AT Ae SEA A A
o] 7Hs ok, B3] WA G Rre] SR/ 48 gl

z;ww 718 ekl 483 §742191 202 Az,

m-5-(2006)= /34 AIHS$ Al a2 ARS] E-AH 2
0‘”4/\}4 Xz Aol =55 —r" Haugen $(2002), Oertel
5(2002) =2 83t QA =% o]ghgo] TVl TAIE S Al
AlBkoact. webA o] ATAES BAIH ) ol A-S $isto] Beha
% FOR BEE (A AR ARG Al BRAF T £l
ol §-xzfof| et A= ARYsteiet. 7L 23} Kim 520002
60%, Kim S(2008)2- 72.2%2] BRAF'*"" Eaiuio] op4- & slo]
BT, EAol/F EARIE AR E A FRt el oR B
B B Aol A ZPARA A9l Al AP A BB
©8 BRE 310)E o]-g3to] BRAF ™ B o] of g BAG
A3}, 28 AN A fEgoR 2R 289 3,
66.7%21 16917} BRAF % Edwlo] k42 ol Adaet At
S} S AR ATHE 2013k 4= 91 THTable 3). wha] BRAF "

Sollo] SRR A R0k AT EAAE Gk

rlo

==

www.kjcls.org

AR, =3 A AR B Tl it 24
7] §1stol, A& AlEH AL B
Ate] v ¥io] B ashrtal AzE.
BRAF'* E¢1ilo] 418 93 KAt HghzA}
A Aol 285 o] gom, A4
PCR-RFLP #4192 B2 0 2 o] g5 11

&2 A= Agaton 5(2002)0] AF3H Af
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9l pyrosequencing 24 # o] BRAF'*"
Aoz Pzzlo] At & uh7ie] vigl
E‘r Pyrosequencing #-41# ] TI7iE &
Aot 2Rk Al 2R AHA7IAE
ko] TS B W BASE AT 20% o)
Al
oI = AU
A= pyrosequencing v‘i— Ao BRAFV6OOE =9
SIE| 1T, 2 A7 F B4 1} PCR-RFLP A4 o= &
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