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Short Communication

DIAGNOSIS OF THE FRAGILE X SYNDROME IN MALES USING METHYLATION-

SPECIFIC PCR OF THE FMR1 LOCUS

Sérgio D.J. Pena and Rosane Sturzeneker

ABSTRACT

We have developed a non-isotopic technique based on
methylation-specific PCR (MSP) of the FMR1 promoter for the
identification of fragile X full mutations among men. DNA samples
were first treated with sodium bisulfite to convert unmethylated,
but not methylated, cytosines to uracil, followed by PCR amplifi-
cation with oligonucleotide primers specific for methylated versus
unmethylated DNA. We designed two primer pairs: one produced
a 142-bp fragment from the bisulfite-treated methylated CpG is-
land, while the other generated an 84-bp product from the treated
non-methylated promoter. In normal males only the 84-bp frag-
ment was seen, while the diagnosis of FRAXA was doubly indi-
cated by the appearance of a 142-bp product together with ab-
sence or weak visualization of the 84-bp band. As an indispen-
sable internal control for the efficiency of the sodium bisulfite treat-
ment, we used a primer pair specific for the imprinted maternal
methylated version of the CpG island of the SNRPN gene on hu-
man chromosome 15. Using the methylation-specific PCR we iden-
tified with 100% sensitivity and accuracy eight previously diag-
nosed FRAXA male patients mixed with 42 normal controls. Be-
cause of its simplicity and high efficiency, methylation-specific PCR
may become the method of choice for the diagnosis of the fragile
X syndrome in mentally retarded males.

INTRODUCTION

failed to amplify. To produce an internal control we added
to the reaction a third primer, internal to this fragment,
allowing the multiplex amplification of a monomorphic
band corresponding to a CG-rich stretch 147 base pairs
upstream the polymorphic region. In blind trials the PCR-
based test showed specificity of more than 98.6%, accu-
racy of 99% and a sensitivity of 98%. The test had two
main disadvantages. Firstly, a normal (C@lele was
preferentially amplified by PCR due to its smaller size and
thus the PCR technique could not be used for the diagno-
sis of FRAXA in females, because they are heterozygous
and would be scored as normal. For the same reason, mo-
saic patients with a normal sized allele might yield a false
negative result. That is why the test was not 100% sensi-
tive. The second drawback resulted from the “failure-to-
amplify” characteristic of the test that thus could not pro-
vide a definitive diagnosis of fragile X syndrome. Although
not quite suitable for medical diagnosis, the PCR test proved
to be a useful tool for fragile X syndrome screening in popu-
lations of mentally retarded males (Hadéadl, 1999).
Recently Hermaret al. (1996) developed an el-
egant PCR assay for methylation status of CpG islands.
DNA samples are first treated with sodium bisulfite to
convert unmethylated, but not methylated, cytosines to
uracil, followed by PCR amplification with oligonucle-

The fragile X syndromdeRAXA is the most com- otide primers specific for methylated versus unmethylated

mon inherited form of mental retardation in man. Th®NA. We wish to report the successful application of this
molecular pathogenesis of the disease generally involvagthylation-specific PCR (MSP) for the study of MR 1
expansion of a (CGGjrinucleotide repeat located on thepromoter. This led to a much-improved method for PCR
5' region of th&eMR1 gene, leading to hypermethylationdiagnosis of the fragile X syndrome in affected males.
of the promoter and shutdown of gene expression (re-
viewed by Nelson, 1998; Kaufmann and Reiss, 1999). The
molecular diagnosis dfRAXAhas depended on simulta-
neous Southern blot analysis of (CG®&ngth and me- Patients
thylation status. However, this is a complex procedure and,
to screen foFRAXAamong mentally retarded children, We used DNA from eight patients with fragile X
we need simpler and cheaper PCR-based diagnostic tesymidrome, all confirmed by Southern blot analysis: five of
The first PCR-based test that we developed walsese were ascertained in a screening study of mentally
based on direct PCR amplification of the (CGtEhucle- retarded boys in Brazil (Haddad al, 1999), two were
otide repeat with primers flanking the microsatellite, witlpatients diagnosed at GENE and the other (NA06852) was
a product of 557 bp for the (CG4gallele (Hadda@tal, obtained from the Coriell Mutant Cell Repository
1996). Conditions were established so that full mutatiof€amden, NJ, USA). DNA samples from 42 normal con-
trols were obtained from paternity testing cases at GENE.

MATERIAL AND METHODS
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1. Methylated sense strand

AAATGGEGTTCTGGCCCISCEAGGCC...GCGTTCCGECCTCCACCAAGTEGCAGCEGG...GC CEGTTCCCAGCACCGCATEGE G G”
Bisulfite treatment L}

AAATGGGGTTUTGAUTCECGAGEU... GUGTTULCGUUTULAULAAGI UCGCGUACGULEGG...G UCGGTTUUAGUAGCGCGUATEGE GG

First cycle a <« GCCAAAAATCATCGCGCATACG
TTTACCCGCAAAACCAAAAGCGCTCCAA...CACAAAAGCAAAAAATAATTCAAGCGATGCAAGCC... CAGCCAAAAATCATCGCGATACGCGCGC
AAATGGGCGTTTTGGTTTTCGO TGTTTTTTATTAAGTTTGTGTAT ¥»

142-bp PCR product
2. Unmethylated sense strand S
3
QD
AAATGGGCGTTCTGGCCCTCGCGAGGCC...GCGTTCCCGCCCTCCACCAAGCCCGCGCACGCCCGG...GCCGGTTCCCAGCAGCGCGCATGCGCC
Bisulfite treatment {} 3
@
AAATGGGGTTUTGGJUWTUGUGAGGU... GUGTTUULGUUWNUAUWAAGIULGUGUAUGUULGG...G UUGGTTUULAGUAGUGUGUATGUGUGUG s
ACCAAAAATCATCACAGATACA <«
First cycle

TTTACCCACAAAACCAAAAACACTCCAA...CACAAAAACAAAAAATAATTCAAACACATACAAACC...CAACCAAAAATCATCACACATACACACAC
AAATGGGCGTTTTGGTTTTCGEp TGTTTTTTATTAAGTTTGTGTAT —»

4

84-bp PCR product

Figure 1 - Strategy for the methylation-specific PCR based on the methylation patteri-MRIECpG island as described by Stogeal.(1997). The methylated cytosines are shown in red and marked as asterisks.
The non-methylated cytosines are converted into uracil residues (shown in blue) by the bisulfite treatment. This diagchanithkasne published by Zeschniglal. (1997) for the diagnosis of Angelman and

Prader-Willi syndromes by MSP.
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Stogeret al.(1997) who described the pattern of cytosine me*'- - % © o
lation at the CpG island of tleMR1 gene. We designed tw = IS IS
primer pairs: the first, 5~-AAATGGGCGTTTTGGTTTTCGC £ E 5: oot
3' and 5-GCCAAAAATCATCGCGCATACG-3, produces g g X "
142-bp fragment from the bisulfite-treated methylated Cp( ‘Z5 g E — 369 bp
land, while the other, 5-TGTTTTTTATTAAGTTTGTGTAT
3 and 5-ACCAAAAATCATCACACATACA-3, generates a peie g, gt
84-bp product from the treated non-methylated promoter. M N M N M N
strategy behind the primer development is shown schemat Maternal SNRPN i - e
in Figure 1. Met. FMR |- -—
W 123 bp

Methylation-specific PCR

N/Met. FMR ] - p—

DNA samples were treated with sodium bisulf
as described by Hermamal.(1996). They were then suk _ > - Polvacviamide del electrophoresis of the oroducts of methyl
. e L . . Figure 2 - Polyacrylamide gel electrophoresis of the products of methyla-
mitted to_ I_DCR ampllflcatlon In separate tubes with prlrTﬁon-specific PCR of the humdfMR1 gene on the X chromosonidet.
ers specific for the methylated (M) or non-methylated (NJuR is the 142-bp fragment from the bisulfite-treated methylated CpG is-
versions of the CpG island of tRdIR1gene. In the reac- land, whileN/Met. FMR is the 84-bp product from the treated non-meth-
tion with the M primers we also included primers SpeCifit‘,late‘j promoterMaternal SNRPN is the internal control 174-bp product
. of amplification of the imprinted maternal methylated version of the CpG
for the methylated version of tmRPI_\gene (KUbOta}t island of theSNRPNgene on human chromosome 15 (Kulsital, 1997).
al., 1997). PCR was performed in a final volume ofl3 DNA samples from a normal woman, a normal man and a patient with the
using 0.651 AmpliTaq Gold (Perkin Elmer, Foster City, fragile X syndrome diagnosed by chromosomal studies and Southern blot
CA USA) in the manufacturer’s recommended buffer. 2 alysis were treated with sodium bisulfite as described by Heemnain
M, f h dNTP. O.4M of h ori d 100 ’ f( 996). On the rightmost lane of the gel are the 123-bp ladder molecular
Hivi ot eac il 4M of eac p”_mer an - NG Of size standards (Life Technologies, Gaithersburg, MD, USA).
human genomic DNA. Thermal cycling conditions were:
initial denaturation at 9& for 5 min, followed by 35 cycles
of 1 min of annealing at 33 for the M reaction and 43
for the N reaction, 1 min of extension atC2and dena- FRAXApatients is diluted 20-fold with normal male DNA.
turation at 93C for 1 min. Afterwards, the PCR reactionlf needed, sensitivity could be further increased by the use

products were separated by electrophoresis in a 6% pabf-fluorescently labeled primers and detection in an auto-

acrylamide gel and visualized by silver staining. matic DNA sequencer.
Apparently the pattern of methylation in the pro-
RESULTS AND DISCUSSION moter region of the FMR1 is identical in full mutations of

FRAXAand in X inactivation in normal females (Stoger

In normal males only the 84-bp fragment was seal., 1997). Thus, the MSP test cannot be used to diagnose
(Figure 2), while the diagnosis BRAXAwas doubly in- the fragile X syndrome in affected females, since they al-
dicated by the appearance of a 142-bp product togetheady have, in virtue of X inactivation, a methylafddR 1
with visualization of a much weaker 84-bp band (Figurpromoter region.
2). The probable reasons that the 84-bp product did not In summary, methylation-specific PCR emerges as
disappear as could be expected are that methylation is gasimple and efficient method for assessing methylation in
erally not complete (Stoget al, 1997) and that somatic theFMR1CpG island. Indeed, it may become the method
mosaicism occurs in the length of the (CG@)peat in of choice for diagnosis of the fragile X syndrome in men-
complete mutations. As an indispensable internal contrallly retarded males.
for the efficiency of the sodium bisulfite treatment, we used

a primer pair specific for the imprinted maternal methy- RESUMO

lated version of the CpG island of t&&RPNgene on

human chromosome 15 (Kubathal, 1997) generating a Noés desenvolvemos uma técnica néo-isotopica baseada
fragment of 174 bp (Figure 2). na PCR para a identificagdo de mutagbes completas da sindrome

Using the methylation-specific PCR we identifiegd© X-fragil em homens. O método € baseado na PCR especifica

with 100% specificity, sensitivity and accuracy, eight pré22ra metilagao do promotor do gdfdR1 Amostras de DNA

- . . . : sdo tratadas com bissulfito de s6dio para converter citosinas néao-
viously diagnosedRAXAmale patients mixed with 42 metiladas para uracilo, seguindo-se amplificagéo por PCR com
normal controls. In theory the test should not be prone

. " 6ﬂgonucleotideos iniciadores especificos para DNA metilado
producing false positive results and should also be vefysys nao-metilado. Desenhamos dois iniciadores: um produz

sensitive, permitting diagnosis even in mosaics with nofim fragmento de 142 pb da ilha CpG metilada tratada com
mal-sized alleles. Indeed, we have found that we can shiksulfito de sédio, enquanto o outro gera um produto de 84 pb
obtain a clear methylated product even when DNA fromo promotor tratado ndo-metilado. Em homens normais apenas
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o fragmento de 84 pb é visto, enquanto o diagndstico da sindroragdad, L.A., Aguiar, M.J.B., Costa, S.S., Mingroni-Neto, R.C., Vianna-

do X-fragil é indicado duplamente pela apari¢do do produto de  Morgante, A.M. andPena, S.D.J(1999). Fully mutated and gray-

142 pb e pelo desaparecimento ou visualizagdo muito fraca da ZGOe”neethRﬁég ;'gel'gs'” Brazilian mentally retarded boys:. J. Med.

banda de 84 pb. Como um controle intermo indispensavel pag ... "3 G Graff, 3.R., Myshanen, S., Nelkin, B.DandBaylin, S.B.

avaliacéo da eficiéncia do tratamento com bissulfito de sédio,  (1996). Methylation-specific PCR: A novel PCR assay for methyla-

nos usamos iniciadores especificos para a versdo materna metilada tion status of CpG island®roc. Natl. Acad. Sci. USA3: 9821-

da ilha CpG do genBNRPNho cromossomo 15 humano. Com 9826.

a PCR especifica para metilacdo nés identificamos cofiaufmann, WE and Reiss, A.L.(1999). Molecular and cellular genetics

sensibilidade e acerto de 100% oito pacientes previamerﬂ(tebotacl’f fTragS';isX Zy”‘gﬁg‘sfg':- é I’_V'eg-a(jl‘i?n”eg% 11|:|2Lr1r}1an S cand

diagnosticados como tendo a sindrome do X-fragil misturadoS™>"t b fo> ot (1997). Methylation-specific PCR simplifies im-

com 42 controles normais. Dada a sua simplicidade e alta inting analysisNat. Genet16: 16-17.

eficiéncia, a PCR especifica para metilagéo pode tornar-seydson, D.L.(1998). Fragile X syndrome. IRrinciples of Molecular Medi-

método de escolha para o diagnéstico da sindrome do X-fragil cine(Jameson, J.L., ed.). Humana Press, Totowa, NJ, pp. 1063-1067.

em homens com retardo mental. Stoger, R., Kajimura, T.M., Brown, W.T. and Laird, C.D. (1997). Epi-
genetic variation illustrated by DNA methylation patterns of the fragile
X gene FMR1Hum. Mol. Genet6: 1791-1801.
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