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Frequency of RAS Mutations and PAX8/PPARY Rearrangement in Follicular Thyroid
Tumors in Korea
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Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Background: Follicular thyroid tumors harbor several genetic alterations such as RAS mutations and PAX8/PPARY rearrange-
ment. The aims of our study were to investigate the prevalence of RAS mutations and PAX8/PPAR? rearrangement in follicular
thyroid tumors and to correlate RAS mutations and/or PAX8/PPARY rearrangement with clinicopathologic features in Korean pa-
tients with follicular thyroid carcinomas.

Methods: RAS mutations were investigated by polymerase chain reaction and DNA sequencing in surgical specimens of 37 follic-
ular thyroid carcinomas (FTCs) and 16 follicular thyroid adenomas (FTAs). PAX8/PPARY rearrangement was analyzed by fluores-
cent in situ hybridization in surgical specimens of 31 FTCs and 13 FTAs.

Results: RAS mutations were detected in 30% (11 of 37) of FTCs and 19% (three of 16) of FTAs. Three of 11 FTC patients with RAS
mutations died of thyroid cancer, but none of the 26 FTC patients without RAS mutations. PAX8/PPARY? rearrangement was found
in 10% (three of 31) of FTCs, but in none of the 13 FTAs. All three FTC patients with PAX8/PPAR? rearrangement remained in com-
plete remission during follow-up. There were no FTC patients with both RAS mutations and PAX8/PPARY rearrangement.
Conclusion: The prevalence of RAS mutations in our series of follicular tumors was similar to previous studies. The frequency of
PAX8/PPARY rearrangements in our group of FTC was lower than previous western reports, but higher than Japanese reports. RAS
mutations may be associated with hematogeneous metastasis and poor survival while PAX8/PPARY rearrangement may be re-
lated to more favorable prognosis in Korean patients with FTCs. (Endocrinol Metab 27:45-53, 2012)
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A sequencing)

3. PAXS/PPARy THHE Z4AH
1) Fluorescence in situ hybridization (FISH) probes

FISH EA412 9J3t Al 528 human male bacterial artificial

Table 1. Primers used for PCR

RAS gene exon Codons Primer sequence (sense/antisense)
HRAS exon-1 12/13 5"-TGGGCCTGGCTGAGCAGG -3
5"-CAGCAGCTGCTGGCACCT -3*
HRAS exon-2 61 5’-CCAGGGAGAGGCTGGCTG -3
5’-GGTTCACCTGTACTGGTGGA -3
KRAS exon-1 12/13 5’-GACATGTTCTAATATAGTCAC -3”
5’-CTGTATCAAAGAATGGTCCT -3”
KRAS exon-2 61 5"-GACTGTGTTTCTCCCTTCT -3
5’-ACTATAATTACTCCTTAATGTC -3
NRAS exon-1 12/13 5’-ATGGAAGGTCACACTAGG -3
5’-GGGCCTCACCTCTATGGTG -3°
NRAS exon-2 61 5°-TTGCATTCCCTGTGGTTTTT -3
5’-TCCGCAAATGACTTGCTATT -3°

PCR, polymerase chain reaction.

http://dx.doi.org/10.3803/EnM.2012.27.1.45



RAS and PAX8/PPARY inFTC

5-CAA-3 (Glutamine)
5'-AAA-3" (Lysine)
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Fig. 1. Sequence chromato- gram of NRAS exon-2 encompassing codon 61 shows a heterozygosity composed of an altered nucleotide ‘A" and a wild-type nucleotide

‘C’, resulting in Q61K mutation.

chromosome (BAC) library RPCI-11 (http://bacpac.chori.org/)o]| 4]
J19HE] A& AFE-31IT] Fusion assay+= 2q130]] 913t PAXSZ
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ison, WI, USA)2] hybridizationo]] 2|3 &2l=|Act.

2) Interphase FISH analysis

WA oo g Xeke wtebd SF5004 22t 4 um F79]
S dof 60°C HE 220 30427t Fof wehsE o],
HEE SEIF xylene S A2|ohe 2 43] WHEsto] shebiS A
BIRICE AL2-9] 100%, 95%, 70% offgh-&oll Zkz} 154 E<=A)7]
, B2 w0 A 3 DWol thA] gk 'H Aojiigle). o] % 429
0.2 N HCloj| 2057} DWoj| 3571 *|2]8}at, 80°C 8% sodium thio-

2

IR

K

cyanate (50 mL conical tube®]] 40 mL #| %, sodium thiocyanate 3.2
g/DW 40 mL)of| 3057 *]2] &, 41-2-9] 2x saline sodium citrate®]|
3E7E AElslc) o] 2212 37°C] 0.05% pepsin/0.2 N HClo]|
3027+ Asle] digestiond}al, washing & A12-9] 1% formalde-
hyde/PBSe]l 1043t A 2|&]o] H-229] 70%, 95%, 100% of|gh-Z-of| 2t
24 154 Histo] e, Azstglrk

Salmon sperm DNA 1 pL, Human Cot-1 DNA 2 pL, red probe 2 pL
(147_H158} 171_F07), green probe 2 plL (83_K08%} 26_022), hy-
bridization mixture 10 pL& 2 E33t & &efo| o) Hojme| 1,
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Fig. 2. Interphase fluorescence in situ hybridization (FISH) analysis demonstrat-
ing the absence of a t(2;3)(q13;p25) translocation and its presence in a follicular
thyroid carcinoma (FTC). The locations of the BAC probes used for the FISH fu-
sion assays are shown in relation to PAX8and PPARY next to the ideograms of
normal chromosomes 2 and 3. A 2q13 probe (83_K08), centromeric of PAXS,
was labeled with fluorescein-12-dUTP (green), and a 3p25 probe (26_022),
telomeric of PPARY, was labled with Texas Red-5-dUTP (red). Nuclei from a fol-
licular thyroid adenoma in which t(2;3)(q13;p25) is absent are shown in A,
whereas B demonstrates nuclei form an FTC in which t(2;3)(q13;p25) is present
(arrow), as demonstrated by the adjacently located green (83_K08) and red (26_
022) hybridization signals.
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Table 2. Spectrum of RAS point mutations identified in follicular cell tumors

FTCs FTAs
(n=37) (n=16)

NRAS codon 61 CAA — AAA 5 1
CAA — CGA 3 1
HRAS codon 61 CGA — CGG 2 1
KRAS codon 13 GGT — CGT 1 0
KRAS 0 0

Total RAS mutations, n (%) 11(30) 3(19)

FTA, follicular thyroid adenoma; FTC, follicular thyroid carcinoma.
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Table 3. Comparison of clinicopathologic features of 37 FTC patients according
to RAS point mutations

RAS mutations (+) RAS mutations (-)

(n=11) (n = 26) P value

Age (yr) 45+ 14 39+ 14 NS
Male/Female 3/8 6/20 NS
Tumor size (cm) 39+18 37+£24 NS
LN invasion 2(18) 0 NS
Distant metastasis 3(27) 3(12) NS
Stage Ill/IV 10(91) 26(100) NS
Invasiveness NS

Minimally 5(50) 17 (65)

Widely 5(50) 9(35)
Capsular invasion 9(82) 26 (100) NS
Vascular invasion 6 (55) 14 (54) NS

Values are presented as mean £ SD or number (%).

FTC, follicular thyroid carcinoma; LN, lymph node; NS, not significant; RAS
mutations (+), positive for RAS mutations; RAS mutations (—), negative for RAS
mutations.

Table 4. Summary of clinicopathologic features of died of FTC patients with RAS point mutations

Age Size Capsular Vascular Invasive- LN Distant TNM Mutation
No. Sex S L . .

(yr) (cm) invasion invasion ness metastasis  metastasis stage type
1 F 49 6.5 Yes Yes Widely Yes Lung, bone \Y NRAS
2 F 48 2.0 Yes Yes Widely No Bone \Y NRAS
3 M 54 6.5 Yes No Widely Yes Brain, bone \Y NRAS

FTC, follicular thyroid carcinoma; LN, lymph node; TNM, tumor, node, metastasis.
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2. PAX8/PPARy QTR R{HHE HIZ Qf QA £
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o SLAFl| A= PAXS/PPARY AjufjEo] TEE|R] eFkth(Table 5
Fig. 4). PAXS/PPARY Aujdo] 32k 3ix}i = whdo] 9l Lo
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Fig. 3. Clinical outcomes at last follow-up between RAS point mutations (+)
and RAS point mutation (-) in patients with follicular thyroid carcinomas.
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Table 5. Spectrum of PAX8/PPARY rearrangement identified in follicular cell

tumors
PAX8/PPARY PAX8/PPARY
rearrangement (+) rearrangement ()
FTCs (n = 31) 3(10) 28(90)
FTAs (n = 13) 0 13(100)

Values are presented as number (%).

FTA, follicular thyroid adenoma; FTC, follicular thyroid carcinoma; PAX8/PPARY
rearrangement (+), positive for PAX8/PPARY rearrangement; PAX8/PPARY
rearrangement (—), negative for PAX8/PPARY rearrangement.

Fig. 4. PAX8/PPARY rearrangement with or without other aberrant signal patterns revealed by fluorescence /n situ hybridization (F, fusion signal; G, green signal; O,
orange signal). A. PAX8/PPARY rearrangement with the TF1G10 signal. B. PAX8/PPARY rearrangement with the 1F1G10 signal. C. PAX8/PPARY rearrangement
with the 2F2G10 signal pattern. D. PAX8/PPARY rearrangement along with different numerical gains (2F1G10 [left], 2F2G10 [middle], and 2F1G10 [right]). E. PAXS/
PPARY rearrangement with the gains of signals, showing 3G30 (upper two cells), and 3G40 (lower two cells) signal patterns. F. PAX8/PPARY rearrangement with
the gains of signals showing multiple O signals (white arrow), indicating the amplification of the PPARY.
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http://www.enm-kes.org



50

Kim HJ, et al.

Table 6. Summary of clinicopathologic data of 3 FTC patients with PAX8/PPARY rearrangement

Age Size Capsular Vascular Invasive- LN Distant TNM Out-
No. Sex S L . .

(yr) (cm) invasion invasion ness metastasis  metastasis stage come
1 M 47 7.0 Yes Yes Widely No No I1l CR
2 M 47 5.0 Yes Yes Minimally No No Il CR
3 M 35 22 Yes Yes Minimally No No If CR

CR, complete remission; FTC, follicular thyroid carcinoma; LN, lymph node; TNM, tumor, node, metastasis.

Table 7. Prevalence of RAS mutations and PAX8/PPARY rearrangement

FTCs (n = 31) FTAs (n = 13)
RAS (+) 7 2
PAX8/PPARY (+) 3 0
RAS (+)/PAXS/PPARY (+) 0 0
RAS (-)/ PAX8/PPARY (-) 21 11

FTA, follicular thyroid adenoma; FTC, follicular thyroid carcinoma; PAX8/PPARY (+),
positive for PAX8/PPARY rearrangement; RAS (+), positive for RAS mutations;
RAS (+)/PAX8/PPARY (+), positive for both RAS mutations and PAX8/PPARY
rearrangement; RAS (-)/PAX8/PPARY (-), negative for both RAS mutations and
PAX8/PPARY rearrangement.

Ch(Table 8). B2Fo] ot Lol 47412 15 7F ZFol= §lGlaL, RAS
o} RO s oA 69, 94 10 o e 0

FoFo] A7 =4 %.MX4 XJO] P x%o] 9o ok ZH 270
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2 Aqt= A oAmgekol A
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RAS Ho]&= o] 3Lotof A 24-53%92] HIw= 2 IH2HE]31(14-17), o] 3EAD
Zo| M= 0-52%2] WIEZ B IET QJrH14,16-19. L9 A7}
%-“&:_ A|o] vlsto] @ @& AY AHo|A Hf =2 HlE= e
URaL20], AR el whebA e oHdEo] 2 Uehts Ao s
AR QlrHzll. & Ato A= SsCret d714Es A w45k
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1410@ B3 7AFA Z0Fo)| K= NRAS T 61, HRAS = 613} 3+
A Hol7} 7 &3t Ao = AR qledlRl, 2 dAtolsE
NRAS 3= 6013} A% Ho 7} of ZQF 8, o A1 2759] hato

Lo}
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Table 8. Clinicopathologic features of FTC patients with FAS point mutations
and PAX8/PPARY rearrangement

RAS (+)/ RAS (-)/
PAX8/PPARY (-) PAX8/PPARY(+) P value
(h=7) (n=3)
Age (yr) 47 (24-68) 47 (35-47) NS
Male/Female 1/6 3/0 0.03
Tumor size (cm) 35(0.55.0) 05(2.2-7.0) NS
LN invasion 1 NS
Distant metastasis 1 0 NS
Stage lll/IV 6 3 NS
Invasiveness NS
Minimally 4 2
Widely 3 1
Capsular invasion 6 3 NS
Vascular invasion 3 3 NS
Disease status
Remission 6 3
Persistence 1 0
Recurrence 0 0
Died of thyroid cancer 0 0

FTC, follicular thyroid carcinoma; LN, lymph node; NS, not significant; RAS (+)/
PAX8/PPARY (-), positive for RAS mutations and negative for PAX8/PPARY
rearrangement; RAS (—)/PAX8/PPARY (+), negative for RAS mutations and
positive for PAX8/PPARY rearrangement.
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