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Fine Needle Aspiration Biopsy Cytology (FNABC), which is known as the most accurate and
cost—effective method for diagnosis of the thyroid nodule, may still result in indeterminate cases
that are cellular paucity and show minor nuclear atypia. However, most cases are associated with
suspicion of papillary thyroid carcinoma (PTC). A B-type Raf kinase (BRAF) mutation was found in
about half of PTCs which is currently helping us to differentiate malignancies from benign lesions.
Cases studied included 46 histological, confirmed PTC cases. FNABC 102 cell paucity and 74 atypia
benign cases were previously diagnosed as suspicious of PTC using cytologic examination. These
cases were analyzed for BRAF mutation by polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP) with a new restriction enzyme. In this study, the sensitivity and
specificity were calculated and, BRAF mutation was detected by means of a histological method in
23 of 46 cases of PTC and no mutation was found in 22 cases. However, one case was not detected.
In using FNABC, BRAF mutation was detected in 6 of 102 cases in cell paucity and in 11 of 74 cases
in the atypia. Two cases were not detected in the atypia. The sensitivity and specificity of PCR-RFLP
in FNABC were 60% and 97.4% respectively. Assessment of Formalin Fixed Paraffin Embedding
(FFPE) block demonstrated similarly a 51.1% positive and 48.9% negative in PTC. Evaluation of

BRAF mutation revealed high specificity and low sensitivity in using FNABC method. This study
suggests that BRAF mutation analysis should be useful for the clinical diagnosis of PTC in FNABC

with cytological findings suspicious for PTC.
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Fig. 1. Papanicolaou staining of cytol-
ogy samples that are cell paucity and
atypia of suspicious for papillary thy—
roid carcinoma (PTC). (A) The cytology
of a case confirmed as cell paucity,
reveals a sparsely cellular specimen
with blood artifact. (B) The cytology
of a case confirmed as atypia, reveals
many cellular cluster showing nuclear
overlapping, nuclear pseudoinclu-
sions and nuclear grooves (original
magnification x400).
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E‘fa}i\r, Aoldlof F1g, uheh 5T & Fufsto] 552 Al&kskar
3 um 5|2 ¥ sle] hematoxylin-eosin (HE) G412 A gstal
A7 o= Sk Eot 3 et 7S A-§-5to]
Wl SRS ol S HRstela, Qi nel 2
2JekA £ 4] A7), F¢e o g, T = A, | =
A Ao] 5= FIsIlt. AR AT o R Ak 45909

S
ol el EH, MPAl §-F9E(conventional papillary
carcinoma) 389, 23X o} (follicular variant) 6|, B¥Hd 7
ﬂ-ﬁ O}a (diffuse sclerosing variant) 1912 E57% 313, o] ol&
um TR W sto] HE Sefo] =5 ARttt
= T 2 Frojjo] 2 mL tubed]] @Ot BRAF 3712k
o] AARE 1 st

Wild type FNABC Mutant type

5'-ATA-GCTACAGTG-3' Genome 5'-ATA-GCTACAGAG-3'
DNA
5'-ATA-GCT CCG G-3' PCR 5'-ATA-GCT CCG G-3'
5' primer

5'-ATA-GCTCCGGTG-3' PCR 5'-ATA-GCTCCGGAG-3'
3'-TAT-CGAGGCCAC-5" PCR 3'-TAT-CGAGGCCTC-5
5'-ATA-GCTCCGGTG-3' Cut with 5'-ATA-GCT ¥ CCGGAG-3'
3'-TAT-CGAGGCCAC-5' Bsp E1 3'-TAT-CGAGGCCWTC-5'

Product size: 210 bp Digested products size: 189bp

Fig. 2. Underlying nucleotides the polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) method for
detection of B-type Raf kinase (BRAP)"7** mutations. DNA
extracted from fine needle aspiration samples is amplified by PCR
using a mismatched forward primer. Amplified products are digested
with Bsp £7 for 1-2 hours, and then electrophoresed in a 4% agarose
gel. Underlined nucleotides are the artificial mismatched bases in
the PCR primer. ¥ indicates the restriction site of the Bsp £7 enzyme.
FNABC, fine needle aspiration biopsy cytology.
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3. BRAF RTIX} S¢IHO| ZAL

BRAF T1799A°] &oIMh -2 Polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP)H-S- A}
43141, o] $J3t DNA #&2 QlAamp DNA Mini Kit
(QIAGEN, Chatsworth, CA, USA)E ©]-83t] DNAE F:&5aL
PCRE $¥3}9/t}. o|u] PCRE] 271 95°Co Al 104, 94°CollA
302, 45°CollA] 302, 72°Coll A 302.9] =8k 403] §HEs}ar v}
Ako 2 72°CA A 10222 33t $HH exon 159] BRAF 47
A5 &olst7] Yote] primer (forward primer 5" ATA GGT GAT
TTT GGT CTA GCT CCG G 3', reverse primer 5 GAT TTT TGT
GAA TAC TGG GAA CT 3)E J3Fst3lthFig. 2). 5F A2
MinElute PCR purification kit (QIAGEN)E o]-&3}o] A8},
A8k A= Bsp EI (Takara, Tokyo, Japan) 10 unitE 37°CejlA] 2
A7t BES-AIA mutant DNAS A9t} Spectrophotometer
(NanoDrop, Wilmington, DE, USA)°A DNA & 43}, 3=
23} DNA®} 5U Tag polymerase, 2 0.25 mM dNTP, 20 pmole
of primers, 10X Ex Taq buffer® 243 }o] 3542 50 uL2 8%+
o, o] 323t genomic DNA2] %2 100 ng/pLofl Fa& 95=91
11, genomic DNAY] o] AL Qo= 2R7p0] kS £o]a,
genomic DNA®] &= &9 &30l Hadlth 23=2 4%
agarose gel¥} TAE buffers o]-83lo] #7|95S Aldslal
ethidium bromide& 1417+ & FAstel o, AMH AL UV
light transilluminator (CoreBio i-MAX, MITSUBISHI, Japan)
£ olgste] AR HstGich ol MRS olF Hd
BRAF'™* Zed9o|(heterozygous BRAF " mutation) S Z2H=
AP - AAYE aiQF A2 (human papillary thyroid
carcinoa cell line)?1 HT299F AROE AHE-SFL L, 54 th2h-&

Fig. 3. A representative results showing the detection of B-type

Raf kinase BRAF'™F mutation in fine-needle aspirates by polymer—
ase chain reaction-restriction fragment length polymorphism
(PCR-RFLP). (A) Lane T is BRAF" positive. (B) Lane T is BRAF "
negative. A human papillary thyroid carcinoma cell line (ARO) is
used as a positive PCR control (lane P). Lane N, A wild type BRAF"™®
human papillary carcinoma cell line (DLD-1) used as a negative
PCR control. Lane M, 100 bp DNA markers.
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90 100 110
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Fig. 4. Examples of sequencing chromatogram by direct sequencing were (A) wild type and (B) mutation of the PCR products of B-type

Raf kinase (BRAF)7*

Table 1. Prevalence of positivity for BRAF mutation in FNABC and
histology

Table 2. Prevalence of positivity for PTC by BRAF mutation in
FNABC

FNABC PTC(+) PTC(-)
BRAF mutation Histology
Cell paucity  Atypia BRAF(+)  BRAF(-) BRAF(+) BRAF(-)
Mutation not detected 0 (0) 2 (2.7%) 1 (2.2%) Cellpaucity 5 5 1 91
No mutation 96 (94.1%) 61 (82.4%) 22 (47.8%) Atypia 10 5 3 56
V600E mutation 6 (5.9%) 11 (14.9%) 23 (50.0%) Total 15 10 4 147
Total 102 (100%) 74 (100%) 46 (100%)

PTC, papillary thyroid carcinoma; BRAF, B-type Raf kinase;
FNABC, Fine needle aspiration biopsy cytology.

oY Abe] SIS Bl Al EAI$] DLD- 18 AHS-SHS
thFig. 3). G71AE EA49H o 2 2% (Direct sequencing)<
o1g0to] (BRAF)'2] $105 BeIsllch(Fig. 4).

QA A AER1 Al HA(ENAB) @ 2k
OF BRAF =0l 9] M8, S E, W, Bolk %“é ==
L

| 54 A58 T2 vladle vl Vs AlEE 5749 Fﬁﬂ, °|
:{

mlm

WA AR A AEHALF- 17690 S0l 4] Cell paucity
10294, atypia 74412 PCR-RFLPE £¢+ BRAF E¢1Ho] AAE
Algsto] EAsEATE IS A AlEEAAR] cell paucity ol Al
BRAF EZQW017} Q1= 73-94F9)71 691(5.9%), BRAF &0 7}
o= 424)7F 96901(94.1%) B A1, atypiadl A= BRAF &AW
017} = A7 1190(14.9%), BRAF EH 07} §l= 497161
o|(82.4%) 9.0, BRAF &AW ol7} A& A &2 ol(mutation
not detected)= 241(2.7%) Itk 2 0 & XYt BRAF S¢1H0]
HAF4oe] FollA 1 A7 234(50%), &3 %1 73971 22¢]
(47.8%)921, o] Foll A 190(2.2%)= BRAF EQHo17} A%
=] 2] ¢k tH(Table 1). 38 AlX &1 A4 AlZAAIA 7207

PTC, papillary thyroid carcinoma; BRAF, B-type Raf kinase.

Table 3. Statistical analysis of single and combined cell paucity
and atypia for BRAF mutation in FNABC and histology

Sensitivity  Specificity PPV NPV

Cell paucity 50 98.9 83.3 94.8
Atypia 66.7 91.8 769 918
Cell paucity or Atypia 60 97.4 789 936
Histology 51.1 - - -

PPV, positive predictive value; NPV, negative predictive value; -,
not tested.

Aoz o 2 Ak 7 Lo cell paucityoll A BRAF EA 0] 7} o
/39] 7= 1590 Foll Al 541, 7 Q1 -9 1090 S0l A 5092
™, atypia®ll A& /2] 9= 159 FollAl 104], 242 4=
100 FollA 5ol & vegtom], A gel obd 739l cell
paucityoll A BRAF SAslo]7} of4 o] A0 4ol Zo] A 14, &
3% 7= 147 Foll A 91 01, atypiadl A= ¥ 2 45
= 49 Foll Al 3], 549 9= 14790 S0l A 5690 = Lebtth
(Table 2). o] A=< BFFOR ARSI B4 A2 AA

BRAF ESH0] 578 27} Bz 2431o] oW, 5ol o84

J

(3

&5 Y 34 AEE 5= B0t S cell paucity 2] 7-5- ol
%, Bolk, A d5E 4 24 ASE 27 50%, 98.9%,
83 39, 94.8% 0|21, atypial A= 66.7%, 91.9%, 76.9%, 91.8%

Ao, = 7IA1E Z3F61-2 7-$-(cell paucity or atypiak= 60%,
|9 =gk

97.4%, 78.9%, 93.6%= E+21% 211, 22 9] H-of:= ¢
51.1%97 th2 EAFE BAT o= 91 tHTable 3).
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Table 4. Correlation of BRAF mutation with a histologic variant
of PTC

Positive Negative
cPTC (38) 23 (60.5%) 15 (39.5%)
fvPTC (6) 0 (0) 6 (100%)
dsPTC (1) 0 (0) 1 (100%)
cmPTC (0) 0 (0) 0 (0)
Total (45) 23 (51.1%) 22 (48.9%)

cPTC, conventional papillary thyroid carcinoma; fvPTC, follicular
variant papillary thyroid carcinoma; dsPTC, diffuse sclerosing variant
papillary thyroid carcinoma; c¢cmPTC, cribriform morula variant
papillary thyroid carcinoma.

£ 0 &2 BRRIH 4595 -7 IS ol g 0 & ot
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