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Somatic Mutational Analysis of MENI and Phenotypic Correlation
in Sporadic Parathyroid Tumors

Young Su Chae, M.D., Hee Jin Kim, M.D.!, Sun Wook Kim, M.D.?, Myung-Chul Chang, M.D.

Departments of Surgery and "Internal Medicine, Dankook University College of Medicine, Cheonan, Division of Endocrinology and Metabolism,
Department of Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose: MEN1 gene mutation causes multiple endocrine neoplasia type 1. It also suggests that somatic MENI
gene mutation plays a role in sporadic endocrine tumor. In this study, we examined whether somatic mutations

of MENI gene are responsible for sporadic parathyroid tumors and correlate with clinical manifestations of

parathyroid tumors.

Methods: Somatic mutation of MENI gene in the formalin-fixed, paraffin-embedded parathyroid tumor tissue

from 8 adenomas, 2 carcinomas and 1 hyperplasia were analyzed by direct sequencing. Clinicopathological

parameters were reviewed from medical records and compared with the mutational data.
Results: Eight of eleven (73%) sporadic parathyroid tumors had somatic MENI mutations of 14 different types.

In the 14 types, 13 were a point mutation which is composed of 8 missense mutations, 2 nonsense mutations

and 3 silent mutations. One of 14 types is a frameshift deletion of 27 base pairs in exon 2. Somatic mutation

was frequent in the exon 2 and exon 10. Four types of polymorphism were found. There was no correlation
between the presence of mutations and clinicopathological phenotype of parathyroid tumors.

Conclusion: This result suggests that somatic mutation of MENI gene plays a definite role in sporadic parathyroid

tumor formation. (J Korean Surg Soc 2009;76:15-22)

Key Words: Parathyroid, MEN1, Sporadic, Somatic mutation

Sd ol 2Z4H, MENL, My, Ao S0l
M =

MENT A= A1 epEA] g A5 (multiple en-

YA AR, 9 LA AE A6

@ 330-714, =izl o]t

Tel: 041-550-3930, Fax: 041-556-3878

E-mail: changmc@dankook.ac.kr

A7 20089 69 169, AlASIY 2008 84 7Y

o] 7 20065t dE whditao g oA TA )
ARo T ATHYS,

Z] Z2=0]

15

docrine neoplasia type 1, MEN1)Q] 9ol A AZ 1071¢] o
Elexon) & & FAE 0] QlaL, 61079] ofm|=ito & o] Fo
7 menin THA S A4 gk (1) MENI A7) A Ed
H o] (germline mutation)= &G YA Ao Z FAFH, o]
At Fdwelrt e AF A T4, A4l W
| ok, HakrAl FFol 7HAl 4ol A s= MENI
Hhgkeh. MENT 77317ke] w4l Eedilo] = oi<E 2/

Ax Ao g chofaiA vehve 2o W

om,2) el JeE o 7HAE Eh

1 H

- menin fraksto] gkl o] 7]

¢

3
b
108
A=l
Rr

i

B2 o

s
ol
0]
AA
=]

ae

N

]



16 J Korean Surg Soc. Vol, 76, No, 1

5 &AE ZHY38h(3) MENI AR S A AR E g}9l EA}e}lA|(alkaline phosphatase), L EHA 5 44
Knudson®] ©]E}7}A (two- hit hypothesis)S WEA F =22 2 olztel gl =A A QxS A

Foel A SJstkol MEN $A1Ake] Baiilolsh 3

sl AR o] 44 (loss of heterozygosity,

LOH)o] 2 @3}t}. eyl Eof B34 FoF 23 A 10 pm FAE 270
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Table 1. PCR primers used for MEN1 somatic mutation analysis

Exon Sense primer (5°—3’) Antisense Primer (5°—3")
2 1" PCR TGGAACCTTAGCGGACCCT GCTTCAGTTTCCCAACTGCA
2A 2" PCR GGGCGGGTGGAACCTTAG GCTGGGCTGGAAGGTGAG
2B 2™ PCR GTCATCCCTACCAACGTTCC CCATGGAGGGTTTTGAAGAA
3 AGTGTGGCCCATCACTACCT AAGGGGCTCTTCTGTCTTCC
4 CAGCCTTGTCCCCTTCATAC CCAGCCCTTTAATGGAGTCA
5+6 CCTCCTGGAAAAATGGGTTA CCCCCAACACACAAAGTTCT
7 1% PCR AGAAAGAGAAGGGCCCTGAG GGTCCCTACCTCCTGGGTAA
7 2" PCR ACTCCCTGGGATCTTCCTGT GCCTAGGGACTGGATGGAA
8 1% PCR TTAACCACCATCATCCAGCA TACCTTCAGTCCCGTCCAAC
8 2" PCR GCATCATTTTGCAGTGAGGA CCCTAATCCCGTACATGCAG
9 1" PCR ATGGTACGTCCTGGCTATGG AGAGCAAGGTGAGAGCAAGG
9 2™ pPCR AGGGGTCTTTGCCTAGGTG ACCCAGGGGGTCTCAGTC
10 1% PCR CATCTGCCCATCCCCTTG GCAGAACATGGGCTCAGAGT
10A 2" PCR AACCTTGCTCTCACCTTGCT CAGCGACAGTCCCAGGAG

10B 2™ PCR AGCCTCCTGGGACTGTCG AGTAGTTCAGAGGCCTTTGC
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72°Cell Al 107 dAste] WhGAZ Y PCR HESAHE
1.5% o}7} 2= 7A(agarose gel)oll4] A 7] ¢d-53}o] DNA Hl
EE golsk & AccuPrep@j PCR Purification Kit (Bioneer,
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Table 2. Clinicopathological characteristics in sporadic parathyroid tumors

. Size PTH'  Calcium  ALP’ | BMD'
Case No. Sex Age Type Histology (cm) (pe/ml) (mg/dl) aU/L) Sx T-score
1 F 37 U* Adenoma 2.0 782 124 341 Yes Na**
2 M 39 U Adenoma 5.0 1,151 14.9 275 Yes —2.27
3 F 52 U Adenoma 3.0 153 10.6 72 Yes Na
4 M 43 U Adenoma 2.5 333.2 15.1 247 No —2.35
5 F 72 U Adenoma 3.0 470.5 10.9 83 No Na
6 M 70 U Adenoma 2.5 1,248.6 11.1 336 No —3.83
7 F 64 U Adenoma 3.0 658.4 13.5 176 No —3.29
8 F 20 U Adenoma 2.0 198.1 13.6 205 No —1.60
9 M 77 U Carcinoma 13 164.1 10.9 37 Yes —2.50
10 F 47 U Carcinoma 55 Na 11.7 627 No Na
11 F 43 MJr Hyperplasia 2.3 1,973.2 10.4 972 Yes —4.30

*U = Uniglandular; ™ = Multiglandular; "PTH = parathyroid hormone; SALP = alkaline phosphatase; sx = symptom; 'BMD = bone

mineral density; **Na = not available.
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oflA 13 Atk
% <& 29] 2B primerZ PCR A|3] & A7)
A3 7 709 bandZ UEFLThFig. 1). okl bandE Al ¥
A71AE A S Aledsto] A Q) 348bpe] PCR AHEoll
Al 27bp7} AR 9SS gHelstdoh(Fig. 2). o] frameshift
mutation (c.340_366del27AGCCGTGAGCTGGTGAAGAAG-
GTCTCC)L.2 1 73} 9/Me] ofm]:=Ak(SerArgGluLeuVal-
LysLysValSer)Ol ZAEE A
o Edo] 2L o] ¥ A (heterozygote) S

O‘/]— c.24G>A H c.107T>C 257+ 53 % ¢ (homozy-
gote) HFElE el

Zodwo] ArZ Qlslo] c.24G>A, c.1212C>T, ¢.1509
C>TE opu|:Ate] ®Wislyl 9l& silent mutationo] $rt.

c.19C>T gl ¢.1768C>T+ $7 F-E(stop codon)S P43}

point mutation®]
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Fig. 1. The agarose gel electrophoresis of exon 2B of MENI! in
case 1, 3, 4, 10 parathyroid tissue. The band of case 3
(arrow) was double.
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+ nonsense mutation®] 327, U A 8§ A ZE o}

u| A4S A4 sF= missense mutationo] 3T},

3 2579 Zodlo|r} odE] FRo|A JEREET, c.107
T>C+ 2709 FEGFEE 5, 10)0l]4] 2= 31, ¢.1366C >
TE 4709 TEFEE 2, 3, 5, 8)dllA] W=},

w3t shte] TRAE ofg] £79) Zelwo]s} vlehyt
wull, EE 2004 45, FE 30l4] 2%, EE 404 2F
T, B8 5ollA 255, B2 6ollA 6579 Eqddelrt d
59} o] 4ol Eoiuio] S Table 33} Fig. 3ol Alalgich.

3]

Deletion of 27bp

TATCCTCGAGAAGGGGG TG TC TCAGATG TCATATG GAACAGCCTCAG

Wild type

Fig. 2. The direct sequencing result of lower part band of exon
2B of MENI in case 3 parathyroid tissue. The lower graph
was normal wild type and the upper graph was mutated
result. The underlined 27bp sequences of normal wild type
were deleted.

Table 3. MEN1 gene somatic mutation in sporadic parathyroid tumors

Mutation Exon Codon Effect Type Case No.
c.19C>T 2 7 Nonsense (Gln,r > Stop) Hetero ' 6
c24G>A 2 8 Silent (Lys' >Lys) Homo* 2

Hetero 6
c.107T>C 2 36 Missense (Leu ! >Proﬂ) Homo 5, 10
¢.340_366del27AGCCGTGAGCTG- 2 114 Frameshift deletion Hetero 3
GTGAAGAAGGTCTCC

c.1212C>T 9 404 Silent (Leu>Leu) Hetero 11
c.1355G>A 10 452 Missense (Arg** > Gln) Hetero 2
c.1366C>T 10 456 Missense (Arg>Cys' ") Hetero 2,3,5 8
¢.1409C>T 10 470 Missense (Pro>Leu) Hetero 4
c.1436G> A 10 479 Missense (Arg> Gln) Hetero 4
¢.1509C>T 10 503 Silent (Gly' T >Gly) Hetero 2
c.1684A>G 10 562 Missense (Lys>Glu™) Hetero 6
c.1768C>T 10 590 Nonsense (Gln> Stop) Hetero 6
c.1792T>C 10 598 Missense (Tyr'' >His™) Hetero 6
c.1799T>C 10 600 Missense (Leu > Pro) Hetero 6
*Homo = homozygote; "Hetero = heterozygote; GIn = Glutamine; §Lys = Lysine; "Leu = Leucine; Pro = Proline; **Arg = Arginine;

HCys Cysteine; TTGly = Glycine; %Glu = Glutamic acid; "' Tyr

= Tyrosine; "His = Histidine.
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Mutation

c.107T>C

¢.340_366del27

c.1366C>T
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Fig. 3. Schematic representation of
genomic structure and posi-

tion of mutations and poly-
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c.-39C>G

Table 4. Clinicopathological parameters of MENI mutation-

Polymorphism

positive and negative parathyroid tumors

c.1254C>T ©-1350+103C>G

Parameters Mutation Muatation p
posiitive (%)  negative (%)
No. of patients 8 (72.7) 3 (27.3)
Sex 1
Male 3 (37.5) 1 (33.3)
Female 5 (62.5) 2 (66.7)
Age (years) 48+17 69+7 0.10
Disease 1
Uniglandular 7 (87.5) 3 (100)
Multiglandular 1 (12.5) 0
Histology 0.63
Adenoma 6 (75.0) 2 (66.7)
Carcinoma 1 (12.5) 1 (33.3)
Hyperplasia 1 (12.5) 0
Symptom 0.55
Yes 3 (37.5) 2 (66.7)
No 5 (62.5) 1 (33.3)
Size (cm) 32+1.3 2.1£0.9 0.18
PTH (pg/ml) 789.7+684.0 534.8+327.0 0.73
Calcium (mg/dl) 12.3+1.9 12.3+1.3 0.92
ALP* (IU/L) 352.1£304.6 194.7+138.0  0.41
BMD T-score —2.87+0.51 —2.90+0.56 0.70
*ALP = alkaline phosphatase.
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HAAA AR ez MENI A7 Eddole
1,133709] w4 Fodwole} 203709 24 Edwol7} B
ek (12) L3 FAHolE AlglstH A= k& 45970
o] wiA Edwo]e} 16770] A4 Fael7t glem o] F
6170 w4 Edvlolet Al FdulolollA] A Harwo]

% 56570¢] A& k& MENI 547 Eddo|7t Haw gl
=3

l:‘Ht Eolwo|= 1,830bpe] I H9o nEA X}

9l o™ 41%< frameshift mutation, 23% < nonsense muta-
tion, 20%-= missense mutation, 9% splice site mutation, 6%
+ in-frame deletion or insertion, 1%+ whole or partial gene
deletiono. & H 1% v} (12) T8 B9 (hot spot)= $1&
L ollE 2 FE= 83-849] ¢.249_252delGTCT7} 4.5%, <&
FE 2102119 ¢.628_631delACAG7} 2.5%,
4609] c.1378C>T7} 2.6%, 5= 10 I= 5169] c.1546delC
gl ¢.1546_1547insC7} 272 1.8%, 2.7%5 AAslo] Ax| &
odlo]d] 14.1%5 A Zh(12) AA FAH ol oF 75%
+ menin SHA L] 27] A FAE Qlsle] C HEk £9)7t
A& A o] A==l o] = MENI A7} £4Y
A FAREE A D3 3)

AR el A Bl MENI 537 S ol vl
A Fdulolof] w3kx]o] 67] E=rollA 9ddlolct. o] F c.19
6>200dupAGCCC+= 3719] = (6-8)oll A K= gc} o]=
SElvel MENI Ewe] 3k §.919] 7ol glon, Al
<dl7t HE AX ol & 7ol Evh Had 75w &
Aol ol<= 29 ¢.196>200dupAGCCC, <= 79] ¢.969
C>A (Y323X), <= 79 c973G>C (A325P), o= 99
¢.1213C>T (Q405X),(6) <= 7 splice site®] ¢.913-2A>G,(9)
ol£= 99] ¢.1252G>C (D418H),(10) <= 32] 628_631delAC-
AG(II)°]t}. o]F ¢973G>C (A325P) c9132A>GE &=
ANAE HaE o7} YRt A& 704 367} AR L,

frameshift mutation 2¢l], missense mutation 2¢], nonsense mu-

dld 10 FE

¢

tation 2], splice site mutation 1¢J|3t}.

MENI 479 A4 Fdwole FaH34 49 <
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+ in-frame deletion or insertion®|th.(72) ¥ Aol A= 1170
o] Z& F 8/MellA] Fdwel7t ‘”735]0% 13%°] £ =4
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Fragment Length Polymorphism)t} SSCP (Single Strand
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Y 7heAd e wiAlskAl Faksdch

Fel A7t Yebsk=r] o] BT o]l B
A5 A] k2 A2 Ao} 1572 frameshift muta-
tion, 2%} nonsense mutation, 8%+2] missense mutation,
3%59 silent mutation®] WEFL}A] missense mutation®] Hl
E7b E%h A4 EdH ol i Fdwolel v]Eke] o
<& 20l Wrha RuEed],(12) £ Aol oE 20
A 451, A<E 100014 957 B E| o] iR ol 29
1001141 A4 Fdwo|7t AE G} o= AA 14572
93% 2 <<= 29} 109] Z7|7} AA| <= Z7)9] 50% AES
AR A Al ® 2 AU ol £ AT
SAAQ ez 3o SAA T 299 74
= wiAlEA FEksl
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ol yhstod, & AFollA s SAH oz 579 TEA 2F
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A$olE 2714Q) Eailolr} 9 4+ 7] ol
A= gﬂ/q.‘: o} 3] 743; Aﬂﬂ-—g}.oﬂ;‘.
T F79 £ 0](c.107T>C, c.1366C>T)= ole] EH
4] Vel B9 Aol slent EAA kel
cr ol SelAl shgkeh s Belol e w
A 92 AL TheA S s miAlsk A= ekl
o,

AAAH o2 MENI F37e] b A 24577 B
=9l t}.(12) Correa S(17)0l] whEm Uulelol] nlsle] Auk
A B 7153 AZF0 A ¢.1254C>T (D418D) tH Al
o HIErl E=rin Ryt B JdFAE QdEE
(intron) 1, o<E 9, QIEE 9 ol 100]|4] 4552 t}3A o]
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Table 5. MEN1 gene somatic polymorphism in sporadic parathyroid tumors

Polymorphism Position Codon change Type Case No.
c-39C>G Intron 1 - Homo* 1,2 456 78 9 10, 11
c.-1254C>T Exon 9 Asp T 418Asp Hetero 3, 4,89 10 11

Homo 2,5
¢.-1350+103C>G Intron 9 — Homo 1, 35 6 7,8 9, 10, 11
c-162G>A Exon 10 Ala"542Thr ' Homo 5 7

*Homo = homozygote;

(12)7} Bk 20%2F v]ashd s F2 RlEdch oE
99] ¢.1254C>T+= 6clloll A o] A3 &, 20004 F3 A
gz WAz} F 8d|(73%) WHAE 0], 42%2] tFEA Ml
E(12)9 vlzshd =9k AEE 9ofl4 WA 1350+
103C>GE 9¢(82%)°A TR AHTA =2 WAF o], 42%2]
b A HE 29} vlaste] =9kt odlE 10004 WA E
¢.1621G> A= 2¢)|(18%)oll A TR LA 2 W= o] 4%
A vlE (129 vl Zele] Zgk)

2| MENI 4 7ke] Fedeldl gk 2712
%t 0|8 3] (Human Genome Variation Society)e] &< o]
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