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Diagnosis of Papillary Thyroid Cancer via
Detection of BRAF Mutation on Fine Needle
Aspiration Cytology Slides

Won Seo Park, M.D.", Kyu Eun Lee, M.D2 Jeong Yoon
Song, M.D., Ph.D.", Yoo Seung Chung, M.D.>, Hoon
Yub Kim, M.D., Suck Hwan Koh, M.D., Ph.D.! and
Yeo-Kyu Youn, MD., Ph.D.2°

Purpose: The prevalence rate of the BRAF mutation in pap-
illary thyroid cancer (PTC) is as high as about 52 to 83%
in Korea. Preoperative detection of BRAF mutation on fine
needle aspiration cytology (FNAC) slides may help the sur-
geon make better therapeutic decisions. The present study
aims to assess the feasibility of the mutant allele specific
amplification (MASA) and restriction fragment length poly-
morphism (RFLP) method with using conventional FNAC
slides and we also wanted to evaluate the clinical role of
preoperatively detecting BRAF mutation.

could not find any association between the BRAF mutations
and the alleged risk factors of PTC.

Conclusion: We believe that the purity and the amount of
the DNA template must be increased to detect BRAF muta-
tion with using a FNAC slide. Preoperative detection of the
BRAF mutation on a FNAC slide may refine the cytological
diagnosis, but the application of assessing BRAF mutation
as a prognostic marker is debatable. (Korean J Endocrine
Surg 2010;10:12-18)
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Methods: We extracted the genomic DNA from 59 FNAC
slides and performed direct sequencing (DS) for detecting
BRAF mutation. We could use only 17 slides for the MASA
method and 6 slides for the RFLP method due to the short- &
age of extracted DNA. Additionally, we retrospectively ana-
lyzed the cases for which a histological diagnosis could be =
UELE Bag ol F2,(1) 54} 7HA %wol FAfol
Results: Genomic DNA was extracted from 23 out of the 3, 7 Fo)|A] FZaELE = 17994 ] A thymineo| adenine
59 FNAQ sI|de§. The BRAF mutation status could be as- o2 %|31¥ = BRAF TI799A A Eoiwlo]7} 74 Eoja,
sessed via DS in 33 out of the 59 FNAC slides. The con- 2R OYol A A A7) Oi o o8t Zalulo] okA)
cordance between the MASA method and DS and the -
RFLP method and DS was 36.3% and 66.7% respectively. o2 dHA A9 AEAUTAAE 22 A #
The positive and negative predictive value of the 13 in- o e T 7199 93 A qbell A1k BRAF &£ o
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thyroid cancer, PTC)o] XA8lw (7) f-2lvhek 244 =7
ok9] BRAF Eoiio] e &2 52~83% 2 th2 A g}
9] Ba36~65%)Ect B4 £r}h(2,89)

] A2 -1 A 7 A fine needle aspiration cytology, FNAC)
© A AAL Y FE vheled 7 e Rk

A o] Ak A 2Yz}Le] %aﬂcoﬂ 95 <F 5~10%0l

Ae Boast AAE Qe Rgte] E7Fsd wik 9L, 15~
20%9 4= Ax7F 5718 (indeterminate) & 2 V}ebA &

o] 1.5 AR 7] of®iA utErh(0)

grele A HEE2 A4 fr7stelm, BRAF
o] wdgo] Frbe M2 F-2luetellA BRAF £
ol & A Fetd & v W A-E HeE gt

3 A ol & st 2114 Mutant allele spe-
cific amplification (MASA)*¥} Restriction fragment length
polymorphism (RFLP)H-> A Bdell A5 &1 = gl

I Aol vlaE zhgkslo] thiF R Aol A a@*}"ﬂ r
gtk o] ATE Tt ATt HeI|7tA o] E o
A+ A 2]+ direct sequencings MASA® |1} RFLPH o] thA]|
g g AeA S dobiy gk 2Ela o] A
529 ATE ko s AN FANEL A ebo] ol
Al DNAE <4 glo] o17] 913 Whie =233

w3k Al 274 A kat F-34skA] BRAF 8ol & A4
stol, 1% el st 9 A4 SRl 2eln A
2|4 AAAETe 45 FHA s A
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A AR FEE «lél WAL Ag gt o|9E
W3k 579 542}01]741 = v FAAEA A
= Algdsto] 59712 **E‘r°l‘: = sk S8HQ 23~25
gauge?| HhE & o] &3, FUES frel Setolse &
¥ 100% olleE Foll ¥ol aAst

AR ST ERNE AZE suelr] Slelel 100%,
95%, 90%, 80%, 70%, 60%, 50%, 40% ollg+-&= 7+7} 1—.44“
A 0 2 Aelslo] Ashsldrt. Cell scraper® AE
73t ol phosphate buffered saline o2 A% *P"ﬂl:‘r
MagneSﬂ” Genomic kit (Fixed Tissue System; Promega,
Madison, WI, USA)< ©]83}o] genomic DNAE FZ3}%}
o},

Human BRAF F3#+] 1584 exon W] 6008 A ofn] =
A EA® o](V600E) o] H-& #elsly] ¢]s}o] DNA direct
sequencing=S Y3} 1, genomic DNA7} E-3E3}A] ¢do]
A AAE A PCRe Ale¥slsirh. PCR HESE ZAL
template 500 ng/ «1, rTaq polymerase (Takara, Japan) 0.5 unit,
dNTPs 10 mM, MgCI2 1.5 mM, primer 10 pmol, 10X buffer=
sk, & 20 112 3o PCRS A|3B}$3 ). Forward primer=
5’-GCTTGCTCTGATAGGAAAATGAG-3’, reverse primere

5’-GATACTCAGCAGCATCTCAGG-3’9] primer sequence%),
t}. PCRS 95°Col|A] 5827 2+A8] denaturationdt thg-ol],
95°Col| 4] 3027} denaturation, 60°Col|A4] 3037} annealing,
72°Coll Al 302 extension®] ZZL.Z 35 cycles Al3¥slg ).
ulz) ek o g 72°Cel|A] 7E-7F 712 0 & final extension HH-2-
= Ak

910} PCRAFES QIAquick™ PCR Purification kit (Qia-
gen, Hilden, Germany).>-Z primer dimer& A7 s}, A A3k
% sequencing Hha-& 22|33t} Sequencing ¥H8-> ABI
Prism” Bigdye® Terminator v3.1 Cycle Sequencing kit
(Applied Biosystem, Foster City, CA, USA)& o|-&3}o] XY
3 o, Montage® Cleanup kit (Millipore, Woburn, MA,
USA)2. & purificationd|aZ, 3730x1 DNA Analyzer (Applied
Biosystem)Z T1799A% EW ol & 3ot

BRAF &1 o]E MASAH O E 7Z3l7] 93led, PCR
S5 ZA) 2 template 500 ng, rTaq polymerase (Takara,
Japan) 0.5 unit, dNTPs 10 mM, MgCI2 1.5 mM, primer 10
pmol, 10X buffer$) 2™, forward primer= 5°-GGTGATTT-
TGGTCTAGCTACAGA-3’0| %) 1L, reverse primer= 5’-GAT-
ACTCAGCAGCATCTCAGG-3'0] 9l th. PCR 28 cycle® A
kA=, 2 cycle 95°Coll A 3027} denaturation, 58°C
o] 4] 3027} annealing, 72°Coll 4] 30% extensiono. 2 =713}
saieh

18] 3 BRAF £ o] & RFLPH O & ol H 317} tem-
plates 1,000 ng2 & 3}o] 10X buffer, TspRI restriction en-
zyme (New England Biolabs, Ipswich, MA, USA) 6 unit, Bo-
vine serum albumin¥} 30&7F HF-5-A| 7t}

AEAIL A FE, FFE EE ol %
ol SAEIE Aol A i BFE BAIAT 4
gH o g Aol oAlEE A foll FEE ARt 57
s3] gakonel Ad) FlA 46l BAstasalel 4

A) BN e A% wekw, ATYel A4 At
& ¥ e Sl diefel o158 BAu)
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5970 2] W ARAFANEA Lebo] = Fol| 4] Magnesil”
Genomic kitZ 237H°ﬂ/ﬁ‘ﬂ' Adg AP = P& AR
genomic DNAE 3 4 9 rh(Fig. 1).

3 DNA) ool el Atlehs 249 DNAZH el
] PCRZZ3} sequencingo] 7}58 4 Jlemg RE &
o]=& A S & human BRAF exon 15 ¥-5-& PCR =%
% direct sequencing= A] 383} 3, A 7] g5 Alol|A] HolA
L ko & sequencingoll A EZIA] o BE o = gt
(Fig. 2). 5971 8] Eelol = FollA] 33700l A nk sequencingoﬂ
AFstgd ek 1 F 237004 BRAF mutationo] 2% 91,
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1070l A& BZE A gokch(Table 1).

17718] &elo] =2 MASAH S ©| &3 BRAF E<idio] 7
Z Ads A3, direct sequencingZ ¥} ok (wild
type) 22 UEhd HAELS MASAH 2 X9 AIE
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Fig. 1. Underlined number of slides could be extracted genomic
DNA with MagneSil® Genomic kit.
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Fig. 2. BRAF exonl5 PCR amplification. Which samples have
enough and pure DNA to be sequenced might not be de-
termined on electrophoresis gel.

HYPA L, Fod o] (mutant type) &2 Hojof & & 1171
o] AA| FllA(1~4, 6, 7H, 9~ 114, 13, 168) 47](1H,
3, 134, 164l Ak Ealwo] 2 Holz] MASAH Q] Izt
S & direct sequencing'l & A ] F(golden standard)2.Z 7}
Asl, 363%2 A FA =Y chFg. 3).

% 67119 &elo] =2 RFLPH-S o] £33 BRAF S¢itio]
A& A28l AL, direct sequencingoll A &1 o] 8
FE [~38 AAod e 9] A EsT oA

1
%%

HAANAE star activityZ <lall W=7} YeRA
(Fig. 4).

Sequencing 727} vh2 ZAA|ol| A A Zvd 2] 2 712} BRAF
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Fig. 3. MASA products showing low sensitivity for BRAF
mutation. Faint bands on No. 1, 3, 16 and 17 indicate
the presence of BRAF mutation (Underlined numbers of
samples have been proved for positive BRAF mutation
by direct sequencing).

Table 1. Results of direct sequencing with fine needle aspiration cytology slides

No.* Direct sequencing No. Direct sequencing No. Direct sequencing
1 Mutant type 21 Mutant type 41 x'
2 Mutant type 22 Wild 42 Wild
3 Mutant type 23 X 43 X
4 Mutant type 24 Mutant type 44 X
5 x' 25 X 45 Mutant type
6 Mutant type 26 Wwild 46 X
7 Mutant type 27 Mutant type 47 X
8 X 28 Mutant type 48 X
9 Mutant type 29 Mutant type 49 Mutant type
10 Mutant type 30 X 50 X
11 Mutant type 31 Mutant type 51 X
12 X 32 Wwild 52 X
13 Mutant type 33 Wild 53 X
14 Wild 34 Wwild 54 Mutant type
15 Wild 35 Wild 55 X
16 Mutant type 36 X 56 X
17 Wild 37 Mutant type 57 Mutant type
18 X 38 Mutant type 58 X
19 X 39 X 59 X
20 X 40 X
*No. = slide number; TX = failed to show result.
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Control 14 15 17 1 2 3

Fig. 4. RFLP products showing insecure results for BRAF muta-
tion (Underlined numbers of samples have been proved for
positive BRAF mutation by direct sequencing).

Table 2. Association between cytological diagnosis and BRAF
mutation status

BRAF status™

Cytological diagnosis Mutant wild No Total
type type information

Benign 17 2 4

Suspicious for FNT N 2 5 8
Suspicious for PTC" 8 3 4 15
Malignant (PTC) 13 3 9 25
Inadequate 0 0 4 4
Total 23 10 26 59

*Results of direct DNA sequencing; T Absence of histological
confirm; TEN = follicular neoplasm; §Pathologic diagnosis is nod-
ular hyperplasia; 'PTC = papillary thyroid cancer.

Table 3. Results of the cytological diagnosis and the number of
patients who received surgery in Seoul National Uni-
versity Hospital

Number of
lost patients

Number of patients

Cytological diagnosis received surgery

(n=46) (n=11)
Benign 3 3
Suspicious for FN* 8 0
Suspicious for pTC’ 12 3
Malignant (PTC) 20 4
Inadequate 3 1

*FN = follicular neoplasm; Tp1C = papillary thyroid cancer.
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1 73 $-(Compatible with PTC)oll¥= 81.3% (13/16)°ll 4], 7
o] 2] A% = 73-9-(Suspicious for PTC)ll & 72.7% (8/11)°l]
4] BRAF EadHo|7} AZE= dho), 1 29 (¥, =
© A EF AL 333% Q6oIA Eedulo]do]
9l th(Table 2).
Ui el der A HAY 2w FA A 24E o
579 FollA 46 o] HYollA &S A8 Wk o (Table
3), HEH |4} 359o] 7HAA F-5F<U(tall cell variant
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Table 4. BRAF mutation status of fine needle aspiration cytology
slides with malignant and indeterminate result on
cytology and postoperative histological diagnosis

Cytological BRAF
diagnosis status

Histological diagnosis
(Number)

Mutant PTC* (11)

Wwild  PTC (2)

Suspicious PTC Mutant PTC (7)

Wild  PTC (2), Minimal invasive FTC' (1)

Mutant Nodular hyperplasia (1)

Wild  Minimal invasive FTC (1),
Nodular hyperplasia (1)

Malignant

Suspicious FNT

*PTC = papillary thyroid cancer; TFTC = follicular thyroid can-
cer; TEN = follicular neoplasm.

Table 5. Association between BRAF mutation status and clinico-
pathological characteristics in 22 papillary thyroid
cancer patients

BBAF BBAF P value
mutation (+) mutation (—)

Number 18 4
Female : Male 14 : 4 14:1 0.905*
Age (range) 513 (34~74) 435 (39~49) 02337
Tumor size (cm)  1.330.76 1.05:0.7 0494
LN metastasis 6 (33.3%) 2 (50%) 0.602*
Perithyroidal 14 (77.8%) 3 (75%) 1.000*
extension
Multiplicity 7 (38.9%) 3 (75%) 0.293*

*Fischer’s exact test; TMann—Whjtney U-test.

PTC, follicular variant PTC, PTC with focal anaplastic change
Zh 114 E3ho|lar, 78e] A& AW o] Y (minimally
invasive follicular cancer)e]$l.2.m, 472 okAdo]r}. AL
314 Zltlo] eFA](compatible with PTC)Ql 7] -$-oll:= BRAF
Soddio] of ol FRslA 2 F el AdE 25 A
[e]

o

TE NS FA v AxHel A4 At 2
¥ (indeterminate, suspicious for PTC T o A4 Foho g
Akl A= 2370|932, 1471€] ZHA| A" sequencing
ol AFHIL, o] T 13MeNA FE5 &3 2 A FXlo]
ol Ak A T 9qll, o EE 26l AAA T4
(nodular hyperplasia)©] 2¢l|$29, F-F% & 77.8% (7/9)+=
BRAF 541 91912, $-3to] obtd 2 FollA o 2 /o)
A S BRAT SOl 52 o2
A& B BRAF E41Wo]7} ¢19lch(Table 4). wheh4 BRAF
504‘*10]4 At AT 76.9% (10/13)3A
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obof| 2] 3= BRAF E<1Hi 0|7} 81.8% (18/22)014 w7 =]
, frFstol obd Z$oll= 16.7% (I E 260 F 0,
A %A 40| F 19d)ollA%F BRAF £ 0]7} 3
. BRAF E<ito] o e} ol elshd] 913dlatetel
HAS B4k th(Table 5). Sall57F 22 Aldbd-2
o BAM SR Fofgt o]l gl

50, o 32 i 32 o
Xl S
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v AR FAAEZHA Eefo] EollA] BRAF E3lHlo] & &
debr] A% Agleh. MASA ZF RFLPY = 48317] 4
3l genomic DNAE 333l H.gka1, 5971 FollA] 237l Ak
AR DNAE A5 5 At o5 17719 EelolER
MASAH S, 6719 &elo]=& RFLPH < A -83lo] BRAF
o] AES AEsRaL, v s Al 59 BRe &
O] E& direct sequencings 3}Ath.

36708 SAAR v AR FAAEAA Eetol=g 24
glo g Az 3 3 At HH S AX A9 FL kit
DNA %5 A3t ol FollA& B DNA7E E45 o] A
of| A H&sl=vl| Aolgt vhdof] (12) o] AgA= IA
Zl5 DNA 49 d9o® FAH3a, SElo]| =5 100% o
2ol W, 342 A2l & Aeksle] 5971 A FellA 23
el Al genomic DNAE FZ3h=dl A ¥ 33ttt

A7)d 54X E o] 838lo] genomic DNAE ol loading
slo] HbS wli, DNAZL &5 A 52 AAH KA,
QA=A 952 DNAZL &Folgte EAIseb PCR 537
sequencing®| 758 ZAolmZ 597 BE FHA|o| dsle],
PCR * sequencings s}3th. 33702 ZAA|ollA] sequencing
ATE A 4 99, AAZ MagneSil® Genomic kitol] A
DNA ZZo] A ¢kgked 36702 ZA F 18700l A se-
quencing®l] A-F3}3ict. v ol DNAZ| 35591 W 237119
AAl A= 15705k0] sequencingoll A A5 Kot

H ool A BRAF E<1dlo] & H8sl=dl JlojAl, 5%
staL A 7ko] 2] Al+ direct sequencingS tHX] g MASA
M3t RFLPH ] Bt dotliy 313l MASAE Taq
F A 47} template®} primer®] #jGo] DX|shH whE FFH
HE-S-S A1 &bstA|nE, 8t 719] nucleotide”} TFE 74-$-9ll &2
Hhg-o] AdE]= 54 o] &3], Edulolg e {47
= Ao g FIATE WO EA A&sal, s,
A A o] FolA] AEAANE &8 4 kU319 1770

£dlo]EE MASAE A|eY3}9) T sequencingol| A Eo3

2 93H 1109 AA F 4ol ARE dxE o]y
o2 vehA 363%2 RIZEES Kk MASAHOE
BRAF &% o| & 7 %3}o] direct sequencing®t} ] &2
LS Bl A7 AR, ol& FEA A4

3]
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HoiE Qe A AU golglon, B4

H A FAAERA Sekol 27h ohlehs) F A4

N oo N

ZollA FUE A K, EEto]l= AAA = template
DNA®| o] ¥ Wol| Hoslele} A=}t w3, B A3
< 93t dln] Aol A= template .2 WY AH 22 ol|A
%l genomic DNAE AH-Gsk3iTl Aol vEel], 24| 2olA
= HARFJANEAA Felo]EollA] qlojZl genomic
DNAE o A3S o= DNAY Aol A7} 3
© 2o Z Hojzm, MASAE Z138sl7] Mol A3} A&
Y AR FE3] MAE JeE AR

RFLP™H -2 TspRI restriction enzymeol] 7 A]E HF-S-A]7]4
BRAF Ei8lo] f-ofl wte} Zedzl o)zt dekA]=d], o]
e A7 G Z A2kt ou| Ay Aatol| A ge-
nomic DNA%o| MASAH ol A He} &4 ok2 1,000 ng o]
olojof RFLPH O] A& 7hs3llen g, 6712 Aol At
RFLPY © 2 BRAF EaWo] &5 A =sqict. 3]u]slA
WA= 73 AT Hol7l YA, 4] AA|A direct
sequencing®} L4#H ANE B 14, 15 AA|A=
AFE LT} A7 A9 o] 2 FAZ &2 DNA cutting &
A3yl Hele o] Evf star AAo| HQl ZloZ AztHr
Selol Boll Q3 AAE AHEslA gL, AR FUAAZ
ZAAE A8k A ulES phosphate buffered saline &2 Al
2 F A ELEW B Hol| Ro} RFLPH 2 & BRAF E9iH o]
A3 Hatol| A= 237709 Aol A g 67uke] Azt
A=l AullEelch.(16) BRAF E<dHlo] HE< direct
sequencing®} RFLP Wl o2 77 83%, 78.6%%] WA EE
Bk oA &, A s A3t Foll A€ol A
7476l tiete] ml AR FA - Allsta 2 FAHES 1 ml
AlATE AXsE o7 Ads Algstieh7) £ ool
Al RFLP A4 =g B A3S 48 olu] A3 template
o] gekA], AetA] X3t AE e ZoE Holw, 7
Ae fl3ll A71d-5 Al LHE agarose A thAlol] FF
gk poreE A4 acrylamide A& o]&3l & 4 Ak
A3 Zcho] 2444 f-Fqtell fdst 4741 73 5ol
BF HAEHe ARt A el S22 BRAF
qduio] of 57} Hghell 7|ofsl= vk Ak sbAIRE
Xing(6)¢] Hilel] w2 & A BRAF o] o] 75
ghetslo] o] M(FAAE o AR AAE, HHE
HIA AHE T oF 5FE AR Wl e T
3 253 39 A4 71, &% AL S99
7} o5 AAsedE 719% = ek shgich

7
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AANZAAANA 10~30%7} 57+
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A3}7} F7F8 o] 3 sequencingo] 753t 7% oﬂ/q oby 7t
AA kel sk BRAF Eoiwlole] Ak ATl 61.5%
(8/13), FANZES 87.5% (7/8)°1% 21, % aﬂﬂgh
20% (1/5)% YobA] Atk EF & b= ALl Agro] wf
2R, v AL ZINEAALLY] Aol BrlHel AHE A
9 % sl

A= %*Jﬁﬂ A, ©
oF WA ARl Aa022) A H¥
W,(22-24) WA 19 4E AH s £ATE A= 9
°l,22) 7189] PRI 7183} v Eo] A2 ¢dlF
A2 HFE 3L gk o ol ol A= BRAF EadHo] of -
st 71E9 e A9 SAH frelddel 8l
Ak F2 felvkel AFellA vt AdbEe] Hude
ul,8,17,25) ol Sl 7k AL, 53] BRAF Edwlo]7}
e A kel SElk e, 2717F A2 A
Shel wlgol £ar, g2 FHVE 7oz Jldga #
R

—

e =

R EERPE:

EAAA AE]"’]‘:"*]H BRAF 41810 & H]
2A Zhs Ago g AEey] A% AFE Tk
sebol= A= #HA °ﬂ/‘i ﬂ’“ g gHAE A, 39%
(23/59)°1 A MagneSﬂ” Genomic kitZ genomic DNAE F3
& g AR, 559% (33/59)0llA] direct sequencing > F
BRAF Eoilo] o 15 1% = gigir}. slA1uk MASAH
I} RFLPY-S 53 BRAF EHo| 291 B Ayl =
/léio’—-go] u].].?‘ lil—ol ) o]l: U]/(ﬂ)‘d <} ouﬂiﬂ/\]- "‘a]-o]r:
E AAZ g 7ol AAxZ] A B} template DNAS]
ofo] & t] F QAL & o purification ZH4 S 7% DNA
AL Folof 3 AlARtL

v AR FAAZZ A Selo] 2ol 4] BRAF &< 0|7} di-
rect sequencing -2 Q1% 7ol HE WaldA] 744
_?r_‘[:_%]-‘,] ol:/l-l o:]]z 7]— uﬂ_‘," }x{ BRAF Eoﬂuﬂo] s}o]
o] _/,E ;q 7511:]-./] 7(4;;]—1:2 _‘.|:.01 2= 0174]014_ _,__AoJ:,L
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