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Cytogenetic Analysis of Secondary Hyperparathyroidism
Takehiko TOKURA

Secondary hyperparathyroidism is a common endocrine disorder in uremic patients, and has
been considered as an adaptic physiologic response to this state. However, a recent study using
X-chromosome inactivation analysis to evaluate clonality showed that 64% of uremic patients had
at least one monoclonal parathyroid tumor. The molecular basis of parathyroid tumorigenesis has
been shown to involve overexpression of the cyclin D1 oncogene and loss of the MENI tumor
suppressor gene, but much still remains unclear.

To find the loci involved in parathyroid tumorigenesis in secondary hyperparathyroidsm (2
HPT), a chromosome study and an LOH (Loss of heterozygosity) study were performed.

For the chromosome study, 15 fresh parathyroid tissue samples obtained from 15 hemodialysis
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patients with 2 HPT who had undergone parathyroidectomy were analyzed. G-band analysis was
performed. For the LOH study, high molecular weight DNA extracted from 42 parathyroid tumors
and the peripheral leukocytes of the patients with 2 HPT were analyzed. The microsatellite markers
located around the loci of multiple endocrine neoplasia type I {11 q 13}, hyperparathyroidism jaw
tumor syndrome (1q21-32) and the calcium sensing receptor (2q21-q 22), were analyzed.
Chromosome markers that showed abnormality in the G-band analysis were also analyzed.

Among the 15 tissue samples, the G-band analysis could be completed in thirteen. Seven
samples had an abnormality and the other six samples were normal. An increase in chromosome 7
was found in 38% (5/13) (3/13). In the LOH
study, 19% (8/42) of the samples showed LOH on the chromosome 22 markers and 7% (3/42)

on the chromosome 11 markers.

and loss of chromosome 22 was noted in 23%

This study suggests that several chromosomal loci are important for tumor formation.
Specifically chromosomes 7 and 22 might play an important role in the tumorigenesis of 2 HPT.
{Accepted on October 17, 2001) Kawasaki Igakkaishi 27(4 ) © 315—322, 2001
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Table 1. Summary of the Karyotype of Secondary Hyperparathyroidism
‘ Duration of Weight of the Intact PTH  Macroscopic  Number of the
Patlent Kanyolype bl hemodialysis(years) __ gland (mg) _ (pa/ml) pattern analyzed cells

1 67, XX, +5,45,46,47,49,+11,+12,2dd(14)(932),+16,+18,418,420 50 F 16 350 873 Nedular 12
2 5B, XX, +X45.47,+8,412,414,+15 +16,416,+17,+18,-22 37 F 17 7950 1270 Diffuse 3
3 4B XY, 47,48 52 M 10 1580 1190 Nodular 3

47, XY, +7,48,add(8)(qd4),-19 1

47, XY, 47,47,48,-12,:22 1
4 46, XY, add(7)(q32) 43 M 10 1060 570 Nodular 3
5 47, XX, +7,+16,:22 68 F 1 800 2100 Diffuse 1
B 47, XX, +7 47 F 17 800 1140 Nodular 1

47, XX, +6 1
7 48, XX 46 F 11 1660 1610 Nodular 1
B 46, XX 55 F 12 2230 1210 Nodular 20
9 4B, XX 57 F 12 2000 1630 Diffuse 20
10 46, XX g8 F 18(5) 2100 737 Diffuse 20
11 48, XY a5 M 15(9)" 3070 2166 Nodular 20
12 48, XY 48 M 5 1940 1700 Nodular 10
13 46, XY 49 M 13 480 1510 Diffuse 8
14 Faled 42 F 5 3030 2360 Nodular -
15 Failed a2 M 10 2630 873 Ditfuse

All karyotypes are determined by G-band staining.

* Patient 10 and 11 are recurrent hyperparathyroidism, the number in parenthesis indicates the duration between the two

operations.
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. G-band karyogram of parathyroid tumors
A ! G-band karyogram of patient | in Table 1.

shows additional chromosomal component attached to

chromosome 14.

Not informative & ¥ L 72,
3. J R PRI R AR & g AT K Y
LOH fifbir 347 4
Fitd HH B AR IR AL 0 9 ZR A AR 1% G T2 e, )
M) B OFWBRAETEL (DY E Ak, #5Ed) 20T
DR W R e L 7,
CHLE 2 7 JE i)
BT AT N (W 30 = O V=l e N R4 e <1
AN AR O RS EI TR
Wi © 1 > ORIFIREBROERTH 5.
F A AR A A SR AR I LT W A
YOFEIG A O A I E R AR O IEHE, 244
BEf) o,
N A 3 — 2R L 72 R A Ak
FEETEE @ AR & <, WK L 72 R0 IR LA
PHUIHEETERE 205 b o,
HIZEIEM L BT L7 b ool £ 0
3, AL EMiRAAELTWE L, B FE
g ORI AKENMBORET 200, C:

EANE ORI MR ORET 5 b0y
WL 7z, kg s & ORI A L 728

t kmﬂ»\ﬁ‘ Ii;!
B L7,

LOH 2 @72 b D% x ML T

Arrow

B : G-band karyogram of patient 2 in Table 1. Arrow
shows monosomy of chromosome 22.
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Table 2. Summary of the LOH study of Secondary Hyperparathyroidism

Sampls Number; 12345678810 11 12 13 14 15 16 1" 18 19202122
abababocdabocdabecdabcdabocabcabeo

Microsatellite

Markers.

Hyperparathyroidism D18103 {1921-31) NNHNN 0 : - N N
Jaw tumor syndrome
Chromosome 1 (1g31) 018549 (1q) N N N N NNN NNNRN i sl N N
Multiple Endcrine Neaplasia D115916 {11918) TEET [T B NMMNNNNNNNNNN. N NN NN
type | (MEN 1}
Chromosome 11 {11g13) D115804 (11q13) N NN N NI NNNRN N NN

0118876 (11q14-921) N H BN NN : NNNHNNNNN N
Calcium sensing receptor Das1768 (3q13-21) N N NN J i N
Chromosome 3 (3g21)

D381269 (3q13-21) M MNNNN N N N NNNN NNNNNNNHKNNNN N NN N
Viramine D receptor D128372 (12p ter) N N £ N N - NNNN N N
Chromosome 12 (12q) <

D125382 {12q24-q ter) N N : o NNNNNNN

D128379 (12q) N NNNNRNRNN

§ T . i . _ Il LOH(Lass ol heterozygosity)
Candidate lici and used microsatellite markers are listed left side. I No LOH

; e i z ; : Nat informati
Samples list upper row, a-b are different parathryoid tissues from the same patient. N ¢ Not infarmaiive
The normal control {(WBC DNA) which showed homozygote was considered as a not informative.

Table 3. Summary of the LOH study of Secondary Hyperparathyroidism in chromosome 12, 19 and 22

Sample Numbar ; 1 2 3 4 5 8 7 8 9 10 i1 12 i3 14 15 16 17 18 19 20 21 22
abababocdaebedahbodabocdabecabecatbe
Microsatellila
Markers
0128372 (3p) NN NN N NNN N N
Chromosome 12
0128397 (3g) N N MNNNNRNN
D195247 {19p) N N N NN
Chromosome 19
D185433 (19q) N NNHNN N N NN g NNNNNN N N
Dp2251L2RB (22912) [l | ENl B NN NN | N
pz2sz70 (229130 Il N N N NN NN | B NNNN NNNNHNN
Chromosome 22 pzzses3 (22q) EEAN N H N | . u
0228685 (22911.2) N N ] i | NN NN P N NN
D225345 (22911) [N N N SN MNNNNNN [ | || vl N

2 . Wl LOH(Loss of heterozygosity)
Microsatellite markers of chromosome 12, 19 and 22 are examined. i No LOH

o Lo S 4 N | Not infarmative
Samples list upper row, a-b are different parathyroid tissues from the same patient.
The normal control (WBC DNA) Which showed homozygote was considered as a not informative.

SEMI 4205 % mF RITAT - 7. W T RO DT — 7 — I8V TOR, 3
#’.x-ﬁﬁcf*x Table 2,3 |TiRL, ##o—El% Figure Wt (7%,3/42) TLOH %#3#%H7: (Table 2).
\25% L7, Figure 2 (23§ X912, EET RO RIRAT DR RN S, £V I 2012,

¥ PO =V ®DNATIX, 220 Allele #3719, 2FRAKEO~v—h—Dir 5, 8
B, BAR PRIEMAMDNA TR HO IR (19%,8/42) BT, 22FRER LD~ —
Allele DR IFH I HFLIZ. #—"C LOH # &7 (Table 3).

R EE O EFEETOHBEO~Y— 5 — ook Lo 5 2D~ — % — T LOH

TR AT, NERAEEOSEENSR oMk, £TOv—A—IZLOHPFRLND
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Fig. 2. Allelotyping of parathyroid tumors  (LOH study)
Results of two microsatellite markers on chromosome 22
(D 225683, D 225685) are shown. Arrows show loss
of heterozygosity, loss of one allele band.
N I Normal control (WBC), P : Parathyroid tissue, a-
d | Different parathyroid tissues from the same patient.
monoclonal {234

i (ERl) &, Rfko—ftos— 4rln 3 & A%

A1 —IZLOH 2R S B M (R0 R 4) LOH # i &7z vy = &4, monoclonal 72 %
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LOH 47 O AH
108 HE HUIR IR AL AR 0 i SR 2 D s T 1y, &
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L Zbdlw)lRmBzHlLEsb0L
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SR SN S TR & 2 3L (AU oY ad/i
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PEAHTH 5. "I[!.I@%“”H*c?b‘bsf‘? 22 4

OOk % Table 4 (277 L7z, Armold 59(F, ‘E‘.ﬂi@)ﬂ"fL% MU BN, TR R IR A
Monoclonal T& - 7= Bl FALR ORI H & o HETCHESE Hﬁ’ﬁﬂﬁff) Z ] ek A HER S 7,

Rz Rl HEEERD o/, RFET
b AN B S R O R AT R L et iR L,

EIFRAAOEM I IE PTH B G722 — F
ETBO, BFEIEME IR Tk oy

Table 4. Comparison of pathological diagnosis and LOH, Chromosomal analysis

LOH analysis Chromosomae analysis
All LCH ( +) All Abnormality (+)
A 17 2 A 5 3
B 15 5 B 4 1
C 10 3 p=0.4773 c -] 2 p=0.7624
A: Chief cell hyperplasia
B: Chief cell hyperplasia with watery clear cell
C: Chief cell hyperplasia with oxyphilic cell
LOH analysis Chromosomae analysis
All LOH ( +) All Abnormality (+)
D 12 3 D 6 2
N 30 7 p=0.9286 N 9 4 p=0.7763

D: Diffuse hyperplasia
N: Nedular hyperplasia

p= p value of x2 test
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