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Fragile X Premutation and Premature Ovarian Failure
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Figure 1. Schematic representation of FMR1 gene
and its pattern of restriction fragments genetated by
double digestion with Eagl and EcoRI. The shaded area
indicates the site of CGG repeat expansion.
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Figure 2. Pedigree of the identified Fragile X carrier.

N patient (POF & fragile X carrier)
(IO : male & female, respectively

©  :female carrier
@ . POF (female carrier?)
[ :mental retardation (affected male?)

w 248} 27} 17 0] mental retardation, A&
Y 1% o] POF UERY.

= fabE WA Aol glu ddd

e

%2t 1

w ¢ 7}ﬁTC°11 e} 9lA & AHE F
mental retardationi} POFE eI AL

ai“w%
flo

[¢]
£ Hyle

-1 1
o,
o
T
B~
>
olf

Al (Murray et al, 1998,
1854 g2 xR €5 FSHYF &

o] fFelgk Apol7} HuHRY

o} (median: 31.0419} 37.541) (Vegetti et al., 1998). Allingham-Hawkins 5 (1999)< premutation X.IAFQ1 &
43 3957 F 16%7F &7) ¥4 B3dal B1sk 0™, Patington § (1996)& ©]# s A& Uwk

AR 6~8'd AH HA o] WA, 27

#Hrgel WAl WiEE

28%2Ha BIsR3]eh

2. Z7| HZE EAOIM FHt X SFT 22Xt g

Uzielli % (1999) Z&7) #74& Ad 1089 8K

£ ARtkal ®askgich

Vianna-Morgante 3 (1996) 3A|tjol] AA 6o Z7] 570l o|%
ZAMEE 37 RS0l Al FRAXA premutation©] 27591
@5‘40}\‘:}# HeRgich ojejgh A2 FRAXA pre-

S Ao F ol HU X FFT BAAR 2

H-g ZAFS U} o] 6.5%0]4] FRAXA premutation
} gt 5 p

, O 8= ~.4°‘= X 3 "?—-3 | olEd wole

mutation® Z=7] 7 2A¥o] non-random association®] 2= AL XK gl

Conway &

(1998) x7] #7248 Ad 123 FAEL

H@ e 715l e 7

ZAR w27

o] A 13% (323), 71EHo] gle ASole vl 3% (3/106)9)4 FRAXA premutation©] 37 5] 9tk

BaEkg T

AA7E Sl R FF AFEA #5d

O L
4 837 F 3% (3.6%)°1A1 FRAXA premutationo] HAE ) on, o] & b=

A4 By 27 974 BAEL e 2AE vl o

HAEE 7] AA

-50-



oy Qe Session il

ol LAY 497 190] o UKOr] (Figwe 2 3H), BRI 27 19 FUAAE VeI
* AkE Htel ¥ W BAAAT Uehd B ZAAS HE X SHEA 4T FUAAL b
Aol g out, o)l Hok X FEEoZ Aehge W Holdh

3.7 &

FRAXA premutation©] %7] #H7%-& dorje 715 dAAZME WA UA Hak, patemal geno-
mic imprinting E ¥/ B35 1t} (Hundscheid et al., 2000).
Hundscheid & (2000y2 F-Z2o2H-8 4-3E prermutation} 792} 27 H7 HA8 Wi HA o
& RAZYE FdE prermutation -9 HlwalE ot ¥X o2 HE F2E premutationt] Z7]
o WA WIEE 28% (23/82)%0 WHA, R0 2 RE falE premutationA]E B 3.8% (1273t L
E] FelE premutationA] 7 Aol AL A mok FoahAl weltt ol AT
-2 paternal genomic imprinting effectol] & @bl 7HAE .
121} Murray % (2000)3 Vianna-Morgante2} Costa (2000)3= ©]21 %} genomic imprinting effect”} $10F

Fragile X premutation> 7] WdAFHZ (7] #72)9] d<loln, 991 &l 27] A7 449
7d-%- fragile X premutation®l] thet HAME g3},

a0 E 8
oy, gdxq, HA, 9ag, 049, Mg, 25, A, ofdE el H X SFT
Bz 2 BArbe] HalfAEd ofard Ad g3k EA] 1996; 39: 854-64.
Hegwl, o, H2, g, wuld, oAA, P, AR, 14d, oA, 25, A48T
AE, oj7E. d=el AAIX A ghatel] QlojA FHek X FFTe Wk AEFAESGH 2

A 24 e ER] 1999; 42: 2458-64.

e, A4, A E, ST, oA, VR, oA, fEs, olgr, deld, 24, 754
AN, AAE, AR, B8 @9 99 B4 27|93 822 FMRI 1A . gt
2HP-312] 2003; 46(5): in press.

Allingham-Hawkins DJ, Babul-Hizji R, Chitayat D, Holden JJ, Yang KT, Lee C, Hudson R, Gorwill H,
Nolin SL, Glicksman A. et al. Fragile X premutation is a significant risk factor for premature ovarian
failure: the international collaborative POF in fragile X study-preliminary data. Am J Med Genet 1999;
83:322-5.

Conway GS, Payne NN, Webb J, Murray A, Jacobs PA. Fragile X premutation screening in women with
premature ovarian failure. Hum Reprod 1998; 13: 1184-7.

Crawford DC, Acuna JM, Sherman S. FMR1 and the fragile X syndrome: Human genome epidemiology
review. Genetics in Medicine 2001; 3; 359-71.

-51.



Session il * Fragile X Premutation and Premature Ovarian Failure

Cronister A, Schreiner R, Wittenberger M, Amiri K, Harris K, Hagerman RJ. Heterozygous fragile X
female: historical, physical, cognitive, and cytogenetic features. Am J Med Genet 1991; 38: 269-74.

de Vries BB, van den Ouweland AM, Mohkamsing S, Duivenvoorden HJ, Mol E, Gelsema K, et al.
Screening and diagnosis for the fragile X syndrome among the mentally retarded: an epidemiological
and psychological survey. Collaborative Fragile X Study Group. Am J Hum Genet 1997; 61: 660-7.

Fu YH, Kuhl DPA, Pizzuti A, Pieretti M, Sutcliffe JS, Richards S, et al. Variation of the CGG repeat at the
fragile X site results in genetic instability: Resolution of the Sherman paradox. Cell 1991; 67: 1047-538.

Gerald PS. X-linked mental retardation and X chromosome marker. N Engl J Med 1980; 303: 696-7.

Hagerman RJ, Wilson P, Staley LW, Lang KA, Fan T, Uhlhorn C, et al. Evaluation of school children at
high risk for fragile X syndrome utilizing buccal cell FMR-1 testing. Am J Med Genet 1994; 51: 474-81.

Hundscheid RDL, Sistermans EA, Thomas CMG, Braat DDM, Straatman H, Kiemeney ALM, Oostra BA,
Smits AP. Imprinting effect in premature ovarian failure confined to paternally inherited fragile X
permutations. Am J Hum Genet 2000; 66: 413-8.

Kornman L, Chambers H, Nisbet D, Liebelt J. Preconception and antenatal screening for the fragile site on
the X-chromosome (Cochrane Review). In The Cochrane Library, Issue 1, Oxford: Update software,
UK, 2002.

Lubs H. A marker X chromosome. Am J Hum Genet 1969; 21: 23144,

Marozzi A, Vegetti W, Manfredini E, Tibiletti MG, Testa G, Crosignani PG, Ginelli E, Meneveri R, Dalpra
L. Association between idiopathic premature ovarian failure and fragile X premutation. Hum Reprod
2000; 15: 197-202.

Martin JP, Bell J. A pedigree of mental defect showing sex-linkage. J Neurol Psych 1943; 6: 154-7.

Murray A, Ennis S, Morton N. No evidence for parent of origin influencing premature ovarian failure in
fragile X premutation carriers. Am J Hum Genet 2000; 67: 253-4.

Murray A, Webb J, Grimley S, Conway G, Jacobs P. Studies of FRAXA and FRAXE in women with
premature ovarian failure. J Med Genet 1998; 35: 637-40.

Murray A, Webb J, MacSwiney F, Shipley EL, Morton NE, Conway GS. Serum concentrations of follicle
stimulating hormone may predict premature ovarian failure in FRAXA premutation women. Hum
Reprod 1999; 14: 1217-8.

Nussbaum RL, Ledbetter DH. The fragile X syndrome. In: Scriber CR, Beaudet AL, Sly WS, Valle D, eds.
The Metabolic Basis of Inherited Disease. 6th ed. New York, NY: McGraw-Hill; 1989; 327,

Obetle 1, Rousseau F, Heitz D, Kretz C, Devys D, Hanauer A, et al. Instability of a 550-base pair DNA
segment and abnormal methylation in fragile X syndrome. Science 1991; 252: 1097-102.

Partington MW, Moore DY, Turner GM. Confirmation of early menopause in fragile X carriers. Am J Med
Genet 1996; 64: 370-2.

Rousseau F, Rouillard P, Morel ML, Khandjian EW, Morgan K. Prevalence of carriers of permutation-size
alleles of the FMR1 gene-and implications for the population genetics of the fragile X syndrome. Am J
Hum Genet 1995; 57: 1006-18.

Schwartz CE, Dean J, Howard-Peebles PN, Bugge M, Mikkelsen M, Tommerup N, et al. Obstetrical and

-59 -



Mol Session Il

gynecological complications in fragile X carriers: a multicenter study. Am J Med Genet 1994; 51:
400-2.

Sherman SL., Jacobs PA, Morton NE, Froster-Iskenius U, Howard-Peebles PN, Nielsen KB, et al. Further
segregation analysis of the fragile X syndrome with special reference to transmitting males. Hum Genet
1985; 69: 289-99.

Shermann SL. Premature ovarian failure among fragile X premutation carriers: parent of origin effect? Am
J Hum Genet 2000; 67: 11-3.

Sutherland GR. Fragile sites on human chromosomes: Demonstration of their dependence on the type of
tissue culture medium. Science 1977; 197: 265-6.

Thake A, Todd J, Webb T, Bundey S. Children with the fragile X chromosome at schools for the mildly
mentally retarded. Dev Med Child Neurol 1987; 29: 711-9.

Turner G, Webb T, Wake S, Robinson H. Prevalence of fragile X syndrome. Am J Med Genet 1996; 64:
196-7.

Uzielli GML, Guarducci S, Lapi E, Cecconi A, Ricci U, Ricotti G, et al. Premature ovarian failure (POF)
and fragile X premutation females: from POF to fragile X carrier identification, from fragile X carrier
diagnosis to POF association data. Am J Med Genet 1999; 84: 300-3.

Vegetti W, Grazia Tibiletti M, Testa G, DeLauretis Y, Alagna F, Castoldi E, Taborelli M, Motta T, Bolis
PF, Dalpra L, Crosignani PG. Inheritance in idiopathic premature ovarian failure: analysis of 71 cases.
Hum Reprod 1998; 13: 1796-800.

Verkerk AJ, Pieretti M, Sutcliffe JS, et al. Identification of a gene (FMR-1) containing a CGG repeat
coincident with a breakpoint cluster region exhibiting length variation in fragile X syndrome. Cell 1991;
65: 905-14.

Vianna-Morgante AM, Costa SS. Premature ovarian failure is associated with maternally and paternally
inherited premutation in Brazilian families with fragile X. Am J Hum Genet 2000; 67: 254-5.

Vianna-Morgante AM, Costa SS, Pares AS, Verreschi IT. FRAXA premutation is associated with pre-
mature ovarian failure. Am J Med Genet 1996; 64: 373-5.

Yu S, Pritchard M, Kremer E, Lynch M, Nancarrow J, Baker E, et al. Fragile X genotype characterized by
an unstable region of DNA. Science 1991; 252: 1179-81.

-53-



