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Galectin-3 Expression and BRAF Mutation in Cases of
Cytologically Suspicious Papillary Thyroid Carcinoma
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Ja Seung Koo - Beom Jin Lim - Chankwon Jung? - SoonWon Hong

Departments of Pathology and 'Radiology, Yonsei University College of Medicine; “Department of
Pathology, Seoul St. Mary’s Hospital, The Catholic University of Korea College of Medicine, Seoul,
Korea

Background : Fine needle aspiration, which is known as the most accurate and cost-effec-
tive method for diagnosis of thyroid nodule, still may result in indeterminate cases that are
pauci-cellular and show minor nuclear atypia, but 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 and galectin-3 was expressed by malignant tumors, helping us to differ-
entiate malignancies from benign lesions. Methods : Cases studied included histologically
44 confirmed PTC cases and 18 benign cases previously diagnosed as suspicious of PTC
using cytologic examination. Cases were analyzed for galectin-3 expression by immunohis-
tochemical staining and BRAF mutation by polymerase chain reaction-restriction fragment
length polymorphism (PCR-RFLP) with a new restriction enzyme. Results : All 44 cases of
PTC and 8 of 18 benign controls expressed galectin-3. BRAF mutations were found in only 9
of the 44 PTC cases. Assessment of galectin-3 expression demonstrated high sensitivity but
low specificity. Evaluation of BRAF mutation revealed high specificity and low sensitivity.
Conclusions : This study suggests that the combined application of these two methods for
PTC of suspicious cytology is complementary.
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o|7} utE Ry, o)= zHAMUCHe] ZR9) 1 2AEHE EA|
weh Aolsk vk AES] F4, Bk, AE APE 59 75 2

Aal= AXE 7+ A5 AY A A2 mitogen-activated protein
kinase (MAPK)/extracellular signal-regulated kinase (ERK)
A AAL o) g FTFY MIFTYNA HAE =,
FUFAME oF 70% 735 MAPK Hg AA L o] &
e 7, oJol&= RET/PTC A®j4¥, B-type Raf kinase
(BRAF) % RAS 9] A E¢%e] Go| x3hdrt 579
¥ B0 HEW, $EUENA )5S 27t 20%, 45%, 10%
A% HEZ YEpdT

SHH 71 B2 H|&E AX 8 BRAF E9dolE lEE
o] T1799A A &EdwHololn, BRAF ¥ = V600E ofv]:
Abe] W3S Zefdth o2 BRAF kinaseE 7XH0E &
A3A713, ERK QIGHSHE A1&A1A MAPK A AA9 7]
5ol 0|4 HolAl ®th BRAF E9¥ol= AHT §47 W
& (somatic genetic alteration)©|™, 7o+ EAHO R
TFEES FFEEA oHE sl Ao i
Hh™ BRAF E9WolE Holg §F¢%5S BRAF £
HolE HolA] 92 gl wa w2 WYl i3 F
ZAOZ] M, %’E;‘{é ﬂo]" E'LJ} = 7)\4Jr o] 9l
of o £/} i Ao
7t % A Trﬂx}( TIMP3, DAPK %)
g3 YAS FA(VEGF, MMPs, NF-«B 5
TR WIkE 7 Q7] wiEolth
T3 BRAF &d9ol= 29T thA} 573 A}Hjodide-metabo-
lizing gene; TSHR, NIS, TPO £)& 9A|gto2x WA o
2E 427 X H(radiciodine ablation therapy)ell #3A1S Ho
Aol = FofstH =R f7ekee] Fa% dF A Bk of
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adenoma) 59, A% 52](adenomatous hyperplasia) 119,
Y7 A A (lymphoceytic thyroiditis) 26& 23eE A W

H 184 E o E otk H]Z‘?—?_ A EHAE 22-gauge HF
B2 PN AEE 128 & M|2ZE Papanicolaou® G4
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A O AP o5& FFUF o] 5A( A7) Sk
el dad, g 33 AEE FUA) F R @
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ojluf A I 2HL 10% T4 2L 1A vy,
ggtdo g Ity 4 um FAZ HESFY, hematoxylin-
eosin FAE A, drjEoR FEsch £ 2F G V)

22 Ag30] F 5ol Yelohbt HFEUFY kS 2R
L, 4 AR e 2898 SH(EF) 271, Bl by

A R A%, 92 Aol 52 gasg,
W2 AN S 0|88 galectin3e] AL AVEL =
93, AL 250 gl Aol olg A3t

(01trate buffer pH 60)% ol g-akqith 18] WA Hiksta
A BHEE AR 8 3% H.0.2 1553 H2lstal, Tris-
Buffered Saline (TBS)ell 552+ A& & 5, 13} A2 galec-
tin-3 (Novocastra, Newcastle, UK) S Aol|A 2A17F A5}
Ak

bR A A Ae)7F B SEe] S TBSE AH S §- o
2} 84| (peroxidase-conjugated polymer, EnVision Detection
System, DAKO, Glostrup, Denmark) & 2204 30&7F b
SA)7]13, TBSE Al#3F 3 NovaRED substrate kit (VEC-
TOR Laboratory, Burlingame, CA, USA)Z o] &3} 3in
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Atk iz YA Harris hematoxylin® 2 AJ33sl, &
B g % e T 29 92 A4 Ao aus
Aok Ae] Hrhe v AFAEY] AEe] FAE ¢
o 9o PAOT WIS, DAAEE U B E AEE
=1

31 BRAF T1799A 9] 1S polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP)%
S AHS3HT, o1 A% DNA A2 T3 AR £ AT
AN et £ SeolE 3 A AEAET) e B

919 ve R ololET ALE EAE T ALAS o143
o AW SHOE AAFL, I+ AL AN F FR5 2
B2k Stk 293 o8 9415 viEA @ e delolRt
A2 EAT QY AL 918 REDE Folh 2 4wl

gokth I8 the QlAamp DNA Mini Kit (QIAGEN,
Chatsworth, CA, USA)E o]&3lo] ehfAe] wlg} DNAS
F%3}3, spectrophotometer (NanoDrop, Wilmington, DE,
USA)olA DNA %S 34, 11 %] PCRE 3h= ] &9k
Yol H gk},

PCRE #Z3F DNA®} 5U Taq polymerase, ZF 025 mM
dNTP, 20 pmole of primers, 10XEx Taq buffer® ZA]3}e]
FHS 50 uLZ s1%etl, olu] $%3 genomic DNAY %2
100 ng/uldl B33, genomic DNAS] 9ko] 2L 7 Qo=
ZH0] g Z0]3, genomic DNAS %42 58 TZo] &
9tk 3# exon 159 BRAF A4S #91sl7] 9J8iA
primerE J3EHAET, oA & Aol Bsp EI A3 4
A2 g 7] g AR, old F 9 EYA HVE EF
3t tH(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') (Fig. 1). 5] PCRe] 24

2 95CollA 108 %, 94°CollA 30%, 45CollA 30%, 72°CollA
Wild type FNAB 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-8" PCR &5-ATA-GCTCCGGAG-3
3'-TAT-CGAGGCCAC-5" PCR 3'-TAT-CGAGGCCTC-5
5-ATA-GCTCCGGTG-3" Cutwith 5-ATA-GCTWCCGGAG-3’
3'-TAT-CGAGGCCAC-5" BspE1 3'-TAT-CGAGGCCWTC-5
Product size: 210 bp Digested products size: 189 bp

Fig. 1. Strategy underlying the polymerase chain reaction-restric-
tion fragment length polymorphism (PCR-RFLP) method for detec-
tion of B-type Raf kinase (BRAF)"™* mutations. DNA extracted
from fine-needle aspiration samples is amplified by PCR using a
mismatched forward primer. Amplified products are digested with
Bsp E1for 1-2 hours, and then electrophoresed in a 4% agarose
gel. Underlined nucleotides are the artificial mismatched bases
in the PCR primer. w indicates the restriction site of the Bsp E1
enzyme. FNAB, fine needle aspiration biopsy.
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3029 £8 4038] HHEEIY RIROR 72T 10Re R
a9t % AHE2 MinElute PCR purification kit (QIA-
GEN)E o|&3te] A8, 10 unite] Bsp EI (Takara,
Tokyo, Japan)< 37°CoA 2A17F A% ¥HA1A mutant DNA
£ Aol A3ES 4% agarose gel?t TAE bufferg ©|
28}e] 7] GES ARSI ethidium bromide 147+ A%
AMElHom, GME AL UV light transilluminators o]-&
o] ARl ZYstdth olm ¢ dEEe oF HEY
BRAF"™ = o] (heterozygous BRAF"™ mutation) & 2zt
= AR FFEAYE ol Al 2A (human papillary thy-
roid carcinoma cell line)?] HT293} AROE AM-SIR L, 24
RS oY AR Al g AIEAIQ] DLD-1
< AHE-skSiTk(Fig. 2).

Sk opAJEoke] Al oA BRAF E$1H ]9} galectin-
39 WIAE, Bolk, Ak, Y o5E 2 dSE L TYE
Az 54E vlaste dHole 71 $AY tolAE FA%E
SPSS ver, 13.0
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*Product size; 210 bp
*Digested product size;

0 189 bp

Fig. 2. The use of complementary DNA sequencing (A) corrobo-
rates the polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP). (B) The method is consistent with
detection of the B-type Raf kinase (BRAF) mutation. ARO and
HT-29, human papillary carcinoma cell lines heterozygous for the
BRAF" mutation; DLD-1, a human papillary carcinoma cell line
that harbored only wild type BRAF*5; normal DNA, human
blood used as a negative PCR control.
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A o}8] (follicular
variant) 29|, AFA-AFA9k 018 (cribriform morular variant)
1of), mwkAd A3HA o}g](diffuse sclerosing variant) 192
T A=At i 3 Ha Yol 47 2245 H 71
AR W FEE HAY, FU HEE 5:392 oA A
Fuatolth 2ope] Wi A7)= 147 mmQy, thidow =
Azt 73471 136(295%), FH £H O 29 u'ﬁ‘"] U= 735
7F 25¢0(56.8%) =3 "ZA Holrb de A57F 239
(52.3%) 4K Table 1).

Galectin-3 HZ2A A 9| A= FFUT 4ol EF
(100%) 1A G4 ¥Hg BAY, 4 B 18d T A% 24
591(5/11), ¥ A% 2¢(2/5) 32 =3+ A 14
(1/2) & % o (44%)ellX g W& BYTHTable 2. Fig.
W F galectin-37} HHHE 59| AE 54
< AEE 7é7Jr, =2 AE YE(5d), ] T3 (1), Hiirthle
AE wsk(ld), 923 A459 FH1d) Fo] #AFHAT
(Table 3).

PCR-RFLPE

ventional papillary carcinoma) 40¢], AX

b

%% BRAF E9io]e] 39l e F 449

Table 1. Clinicopathological characteristics of papillary thyroid
carcinoma

Clinicopathological characteristics No. of patients (n = 44)

Range of age (yr) 22-71 (44.7)

A . 21547| - TR 9f 6ol

= = il =

o HFUE Z 9doll A BRAF E¢9o)7} & A0 wdy
AL, A WH 18 BT 50l tH(Table 4, Fig. 4). ©]
AFE vHEFO 2 galectin-39] W A9} BRAF Sdwo] &
5 27 B Z29Eke] 1 ARl Solk, JIdw, YA o5
g o4 J5E 55 AYEST & galectin-35 THOE A

ki

o

=
e o AR, Solk, A, P d5E 4 A5ES
pdvas

247} 100, 555, 87, 84.6, 100(%)©]9)3, BRAF E<1Ho|E t

207 APFPS w204, 100, 435, 100, 339(%) 12

galectin-39} BRAF EdWo|E ZAld] Agge b 100,
100, 100, 100, 100(%) o2 Bel1=|tH Table 5).

T AE T &elo|mo AE Uxd tE EFE AvE,

ForE o 7 gl 444 3 107 olake] AL Bel &7} 20

@ﬂ. 10-3070¢] 28-S Hol d)7} 18], 3071 o)) #3L Kol

Table 3. Correlation of galectin-3 expression with cytologic fea-
tures of benign thyroid nodules

) . . ) Galectin-3

Histologic diagnosis (n) Cytologic feature (n)
Positive ~ Negative

Adenomatous High cellularity (5) 4 1

hyperplasia (11) Low cellularity (5) 0 5

Hiirthle cell change (1) 1 0

Follicular High cellularity (2) 1 1

adenoma (5) Low cellularity (3) 12 2
Lymphocytic Overlapping with 1 1

thyroiditis (2) lymphocytes (2)

Sex (Male : Female) 5:39
cPTC 40 (90%) “This case shows low cellularity but the galectin-positive clusters with

fWPTC 2 (4.4%) nuclear overlapping.
Variant of PTC dsPTC 1(2.3%)

cmPTC 1(2.3%) Table 4. Prevalence of positivity for galectin-3 and BRAF muta-
Size of tumor (mm) 5-53 (14.7) tion in cytology specimens
Multiplicity 3(29.5%) , :
Perithyroidal soft tissue extension 25 (56.8%) Category (n) Galectin-3 (+) Galectin-3 (-)
Lymph node metastasis 3 (52.3%) BRAF(+) BRAF() BRAF(+) BRAF()
‘Mean age; "Mean size. cPTC (40) 8 32 0 0
PTC, papillary thyroid carcinoma; cPTC, conventional papillary thyroid vPTC (2) 0 2 0 0
carcinoma; fvPTC, follicular variant papillary thyroid carcinoma; dsPTC, dsPTC (1) 0 1 0 0
diffuse sclerosing variant papillary thyroid carcinoma; cmPTC, cribriform cmPTC (1) 1 0 0 0
morular variant papillary thyroid carcinoma. Benign (18) 0 8 0 10

Table 2. Expression of galectin-3 by immunohistochemical stain-
ing in cytology specimens

Galectin-3
Histologic diagnosis (n)
Positive (%) Negative (%)

cPTC (40) 40 (100) 0
fVPTC (2) 2 (100) 0
dsPTC (1) 1(100) 0
cmPTC (1) 1(100) 0
Benign (18) 8 (44) 10 (56)

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

BRAF, B-type Raf kinase; cPTC, conventional papillary thyroid carcino-
ma; fvPTC, follicular variant papillary thyroid carcinoma; dsPTC, diffuse
sclerosing variant papillary thyroid carcinoma; cmPTC, cribriform moru-
lar variant papillary thyroid carcinoma.

Table 5. Statistical analysis of single and combined galectin-3
expression and BRAF mutation in cytology specimens

Sensitivity Specificity Accuracy PPV~ NPV

BRAF"= 20.4 100 435 100 33.9
Galectin-3 100 55.5 87 846 100
Galectin-3 and BRAF™* 100 100 100 100 100
Galectin-3 or BRAF** 100 55.5 87 846 100

BRAF, B-type Raf kinase; PPV, positive predictive value; NPV, negative
predictive value.
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Fig. 3. Cytology and immunocytochemical staining of samples that are suspicious for papillary thyroid carcinoma (PTC). (A) The cytology of
a case confirmed as PTC, reveals a tight cellular cluster showing nuclear overlapping, nuclear clearing and nuclear grooves (Papanicolaou).
(B) A PTC case showing strong cytoplasmic reactivity for galectin-3 (immunocytochemical stain for galectin-3). (C) The cytology of a case
confirmed as adenomatous hyperplasia (AH) reveals a relatively loose cellular cluster showing nuclear overlapping, nuclear grooves and
abundant cytoplasm (Papanicolaou). (D) An AH case that shows relatively weak cytoplasmic reactivity for galectin-3 (immunocytochemical

stain for galectin-3).

100 bp

Product size; 210 bp, Digested product size; 189 bp

Fig. 4. A representative result showing the detection of B-type Raf
kinase (BRAF)™™* mutations in fine-needle asprates by polymerase
chain reaction-restriction fragment length polymorphism (PCR-
RFLP). Samples in lane P, 6 and 7 are BRAF™*-positive and sam-
ples in lane 1, 2, 3, 4, 5, and 8 are BRAF"™*-negative. A human
papillary carcinoma cell line (ARO) is used as a positive PCR
control (lane P). Lane M, 100 bp DNA markers.

o7} 6Tk, 2 2olA BRAF Edole] &S 247} 15%
(3/20), 222% (4/18), 333% (2/6)% MXE V&7t S7He
E BRAF EqWo|¢] Wirr} 27kl A%S Bl

BRAF =dW0|9] #7-5 752 ofgel ufe} vlars) B
H AYHA FFUEL 8e(20%), 2gA-3AY oL 1]
(100%) 14 BRAF E¥olE 2k QAL vvHd 7k of
8 1e]9} 234 o}F 20)= BRAF Edwlol7} 28R 9ot
TH(Table 6). T2 22|33 EA& BRAF E9¥o| H7Z &
F3) vws) BE, BRAF Sddol7t 9 A% Ha 2k 3
71E 198 mm, 9 A$e] B 139 mmo) L, AL B
ol AL FA AT} 36l(333%), 4 ALt 129
(387%) 900, F¥ 2029 &g Hole A BRAF
EHo)7} ol A97E 49(44.4%), SIE 7$7) 2090 (64.5%)
gt 187 YA ol BRAF Edmolr}l EAlsks A%
7} 46](44.4%) o)X, BRAF Ec18o]7} Q1= 719-= 180)(58%)
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Table 6. Correlation of BRAF mutation with a histologic variant of
papillary thyroid carcinoma

Histologi BRAF mutation

istologic type (n) Positive (%) Negative (%)
cPTC (40) 8(20) 32 (80)
fVPTC (2) 0(0) 2 (100)
dsPTC (1) 0(0) 1(100)
cmPTC (1) 1(100) 0(0)
Total (44) 9(20.4) 35(79.6)

BRAF, B-type Raf kinase; cPTC, conventional papillary thyroid carcino-
ma; fvPTC, follicular variant papillary thyroid carcinomal; dsPTC, diffuse
sclerosing variant papillary thyroid carcinoma; cmPTC, cribriform moru-
lar variant papillary thyroid carcinoma.

Table 7. Correlation of BRAF mutation with histopathologic char-
acteristics of papillary thyroid carcinoma

) ) o BRAF mutation

Histopathologic characteristics
Positive Negative

Size of tumor (mm) 5-42 (19.8) 5-52 (13.9)
Multiplicity 3(33.3%) 12 (38.7%)
Perithyroidal soft tissue 4 (44.4%) 20 (64.5%)

extension
Lymph node metastasis 4(44.4%) 18 (58%)
Total 9 35
“Mean size.

BRAF, B-type Raf kinase.
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