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Molecular Biology and Cytogenetic Study of
Fragile X Syndrome
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SMaX R OREIRFE I » HARIPLubsR1969F 12 v 36
3 "A marker X chromosome" [Lubs, 1969] , e SCHE R — K
g FF % BB XROERE RinA — M5 & — /) (knob) (Fig.
D) BFHEXLERNBEREIRE TR » Atk E IR
FHAMPIEE o 19774 Harvey % A (Harvey et. al., 197 &5 E
T LubsHJIZ o WX ERMEREFTEYN "AX 0
(fragile X chromosome, Fra(X))" » X 5 g i & (fragile site) £ 7%
Xq27.3 ([E—) o 3G BaX Feta g BRF (expression) K A fER R &
— > ERBRERTIER S BERER > 53 12K [Sutherland 1977,
1979a, 1979b] » (HARE — 424 H g2 2 (metaphase chromosome)
YIREEE] o RS XY IR SRR E  FEMK
HOREARILRE ~ S RIS ~ RSP RTINS EA | (inducer)
& RAT XS —FEERH R R ENTE R S X R O
Fik e

MIEERE2EH XA aERENNZE 1 BEERES
R ESRBERIRE R IR o ALl » DUESE 2 A X a2
REFHNR O AL - FrEkREFS FEVBIESTE
TR 199145 B EEE A BUE H B B MEIEE — M A X he
BUxE B A B W [ --FMR-1 # genomic DNA E cDNA [Heitz et. al.,
1991; Kremer et. al., 1991; Oberle et. al., 1991; Verkerk et. al.,
1991] © 5eEER » ICERILAT{Eexons » H LS T{EHexonfHiA
o8 Sexon (alternative splicing) B3R %R (M B —) [Eichler et. al;,
1993; Verkerk et. al., 1993] » cDNA K proteinz W5 EE7 LR K EY)
=—RNAKE &8 5 (RNA binding protein) (fftE] —) [Ashley Jr. et. al.,
1993; Gibson et. al., 1993; Siomi et. al., 1993 and 1994] o & Bk & MaX
LERBURFNRB R LEER » BFMR-IFERS HAEEZEG
untranslated region, 5' UTR) 2 CGG trinucleotide tandem repeat
[p(CGG)n] & 4 {3532 Z2 484 (expansion mutation) > {#{5FMR-1E. Az #2



Bfj & (promoter) %$ A= #8 B B (b (hypermethylation) » EEFMR-1 KR
Y8 70 2 4 7&K [Bell et. al., 1991; Pieretti et. al., 1991; Sutcliffe et.
al., 1992] - E' % B B [K 3 A ZAG 4 (deletion) [Gedeon et. al.,
11992; Wohrle et. al., 1992; Mornet et. al., 1993; Tarleton, 1993] 5 Zk
Ze#gk(point mutation) [Boulle et. al., 1993] » ;§ bz RN RS FMR-1
BRI TR MK KRS o flj B3 » fOFMR-]
R S TR RS » AU 5 X Y (B RRE o AR
BT BRREIFMR-1 CGGEE 2 SR PR A ZEE
ik > LIRS X R ECGG Y & B Z % » &ML
genomic DNA StB12.3 £ #£ &} (probe) (fft [ =) [Oostra and Oberle,
personal communication]ff & Eag 1EEEco RIEZE K H#ZDNA (FfE )5
RE B E s

G XE R BIRE RS R > RIS BERREFE AL
&R 2 B EGRE [Gustavson et. al., 1986; Webb et. al., 1986; Li et. al.,
1988; Brown et. al., 1990] R ZMaX R ORERTFFREEME » TREX
iE % RE% M - WUMBAREIBN S » BeXLaREREE &R
REFZE > B HEEARES o 8/ Southern analysis§E 53 47
FMR-1ER G fze® » (HREDIEIFENZEAEREH: 1) X
EDNAKKAGS ~ 10 ug/sample) » ) FEITEEMER » #UT+REL >
RIHNE R R E &R R ERTZET » RS 5 =557 > THEREF]
FART-PCRE iy LARY A Southern analysis{EEE R 2217 » Mk H w17
o
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Fig. 1. karyotype of a male with fragile X chromosome. The fragile

~ site is indicated by an arrow.



(CGG)n

I ]

Exon I o I v A% VI VII VIII IX X
Sizebp 298 51 53 94 72 149 94 117 171 79 110

Intron 1 2 3 4 5 6 7 8 9 10
Size kb 99 37 25 0.35 1.3 0.18 ,2.31 0.09 2.9 0.9

[

Exon X1 XII XIII X1V XV XVI XVII
Size bp 135 63 87 196 183 83 159 1794
Intron 11 12 13 14 15 16
Size kb 05 2.6 24 ’ 1.7 0.65 2.9

Mt B — Intron/exon distances of FMR-1. Exons are depicted as open boxes and numberd with roman numerals,
introns are indicated by arabic numerals and sizes are shown below each gap. Shaded portions at the 3' and 5'

end signify untranslated regions of the gene. (Eichler et. al., 1993)



M1 Q222 V285 P632

(CGG)n KH domain RGG box

530
GRRR RGGGRGQGGRG RGGGFKGKG

i @:.} cDNA structure of FMR-1 and diagram of FMRP. (Ashley et.
al., 1993)
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1 kb StB12.3

M B = Restriction map of Fragile X region and location of probe
StB12.3. Shaded box indicates CGG trinucleiotide repeat. B: Bss HII,
RI: Eco RI, E: Eag I, N: Nae I, P: Pst I, S: Sac II, X: Xho 1.
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Normal Normal NTM Carrier Affected Affected Mosaic Mosaic
Male  Female Female Male Female Male Female

0O ok © 0 € B 0O

X Chromosomes:

Size
Mutated
methylated
5.2Kb — ) ‘
—_— = r— SR <= Normal Inactive
\
Mutated
unmethylated
2.8Kb .- | | _
—» = ] . - = /<—N0rmal active

Mt B v Patterns observed in Eco Rl + Eag I double digestion with

probe StB12.3. (Oberle et. al., personal communication)
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Molecular And Cytogenetic Detection of the
Fragile X Chromosome in Fibroblast Culture
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SHREXECEBIEHRRE RAEEEERENE - HBIREZ
ENTZETERIRCBEEH LRBEERN - B1EN > KSHER
LIRS 5 bk ERA AR ~ 32 KHERE ~ SOCERIRER AT - S9N B A
R KL e BEE T2 T o BRI ENERERE—F
IR E R MERIUER A EREH S X R GRS - BEF LR A e
HREFTZ2E o 3 ER T fluorodeoxyuridine (FudR)Emethotrexate
(MTX)F] 3 508 B R AR IR S e X e (a8 o M H BT E
BAREESBREIMATN RS EYE » HEEXREORZRREIIERA
HIZR o IR BRXRORRALER  DETRRI AR
g ERMHIERERA - BHEFHRERNHERECHEER » it
T —BXE S X RERERFMR-1R FrESIB12. 35358t » 5K
{HHELE2K B S e X R ERS BRI A MM » HFMR-1ER
- CpG & H &R R CGG =Rt HRIGINMIETY - BFBAEREL
HFgH o BIBERLE T —EERHIEERER A > W EEE
Nl o e X e ByREE L > (BEERES -
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¥ xx ¥ & (Abstract)

The fragile X syndrome is one of the most common inherited
forms of mental retardation. Prenatal diagnosis of fetus with this
syndrome is of essential clinical and counseling importance.
Unfortunately, most attempts to use cytogenetic preparations of fetal
blood lymphocytes, amniotic cells or chorionic villi as a prenatal
diagnostic method were not impressively successful. The present study
was thus aimed to develop an unequivocal, reproducible and less
invasive diagnosis technique which might be later applied for prenatal
diagnosis of the presence of fragile X chromosomes. We demonstrated
that the expression of fragile X chromosomes were inducible with
treatments of fluorodeoxyuridine (FudR) or methotrexate (MTX) to
fibroblasts cultured in different media containing different inducing
agents expressed their fragile X chromosomes with great differences.
The observed great difference in inducibility of fragile X chromosomes
might well be one of the major reasons for failure in similar studies
done by others. To validate our data from cytogenetic preparations, we
also used the genomic DNA probe StB12.3 from the gene fragile X
related mental retardation-1 (FMR-1) to detect the methylation status of |
CpG island and the CGG repeats increased in FMR-I in fibroblasts
from same patients. A perfect match between data from cytogenetic and
molecular detections was observed. With great confidence, we reported
the development of a cytogenetic detection method and its potential

-application for prenatal diagnosis of fragile X syndrome.
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B % (Introduction) |

PEXLEREEREEE NEZR B ROEEEERED
R o RS MXGPERBIRTHAREEENY » MEREASREZRNE
A2 B EEE|# [Turner et. al., 1983; Fryns et. al., 1984; Li et. al.,
1988] o (At » BMEXRORBREC BB FERERLE

i Gustavson s A 7E3# B [Gustavson et. al., 1986] Fz WebbZ: A
FEZFB[Webb et. al., 19861z BF9elE = » ABERRFEME » fh5H81250
2B HERE 1L BRI BN §5000% B P H 1B T RRBRE
R (carrier) » JItt » KEE10004 B HFE1LEE ZHEXRE
o ELMHFEREY KN=Zo2—REBEEEENTRE
[Sherman et. al., 1984] o EFh LM BIREGETER T o2 —
[Nussbaum et. al., 1986] » (Jit, » KKIFT00L TS HIZLERF SN
XYl o IRIBUA_ERIEET » FIE8S0 AR ASA B e Xl
[Webb et. al., 1986] o FTLL » BAAR B (255 s X e (o BB R ALY
BREEZ LS FoEHt R A B EER o

S FEV BT R 2 85 X RO ERE > HlEEEN
FERBEERIRE « BE o 457 FEYBNHETRE B IEERE
R BERERZEEAR > DEFSRESFR - B5E > BAK
¥4 B Ep(Southern hybridization) 2 A B M {LDNA o« FHE »
SRR Ze B (Premutation) FUERETT S » HFMR-IEH HICGGEH
oI R IN—BLEL » TR GEIEHE ANERS 2K - Bt » —EEHF
BB EREHEN AR — BN - M EREENERER
PISR ST EsR R FE(PCR)MY /5 2R MR T2 -

EMIEES o LT —EKE 2 X R ERBIRER AR
MIAEETHEREIR H B Mo X P afg - Bl > 2K B B XFaBRBIREERA
R BB BERER0% NS XL aR o B RXL a8
- BRRFRERS - FIAHRARIE - BRENEES - BB ARX

16



PERSREIR  WERSEMRAY SRR P ERR T 2 BB {E[Brown, 1990;
Sutherland, 1977] o EREEZWRERREEIA B X R R » RILFHRE
iR & BER RS E I 4 b0 A thymidylate synthetase 59311 B (140 -
FudR) [Sutherland, 1979; Glover, 1981; Tommerup et. al., 1981] » B
FERL A 5 1% methotrexate (MTX) [Cantu et. al., 1985; Mattei et. al.,
19811 HIBRENE A & BRIGHE © B—HTH » IIAKEAHIRREEHE T
B AN R ETE B 1 0 NSRS M X i8R 35 [Fonatch,
1981] - FiAE R S M X P OEERNH T 0 S EERMRENS
Fe % (mitotic index; MD) » TN T 3 ATHY R EERE o SEEET = R AT
BB (R R R FE R E N2 B e X R C BRI R
A o FEERE UMM S X LGSR ERTZE » 2 Hlenkins
REBSAR19814ER H o Fy1% » WebbSLH FIEER4& M7 B LA 52
MR EER SEBR T 5 e X S BRAAE RS - 7E19824F » Shapiro&s
NI B LAE AR e B 2 e X e BE I E RS B - 81T » B H
NI I BEE P BERFIEE S M X RO nYERT2 Bi[Shapiro et. al.,
1982; Jenkins et. al., 1988] » HH:7 H 35 56 5l X €0 B8 SBTE A PRISEE o
HEEREINDERE B RX P OiRNETZE - (BEEPEERHEER
RettaliiRiEE o AT » BALKR—(EGE BEFREF RS X
CREIRA RS AR EE - /&5 » NEBRECBITS
LR EBREEEL B e X e RS RY BT [Li et. al., 1988] » HRTAEERZEIE
B REERTRS B o

—{E BT R EE NI E2 B 75 TR AERE R R 7R T K A Bk B A B
BBERIR - FI > B EFHBHESHREBRSBX P ER > HUrEs
- BENRZEEIIERG o RIERES R MER B XA ER
B A » RERE = [Fonatch, 1981; Mattei et. al., 1981] ?Jaﬂ“‘ja?”‘ﬂ
N5 X Ba B RRERE > CT-077 ~ CT-119 ~ CT-337 ~ CT-355 ~
KCT-441 » FET S S T A R PR A #K 552 (primary culture) [Li et.
al., 1988] o 57 B RENIZZEIEAREAN » SRS B MTX

17



S FudREEHE » SR14 S RIBANE R B X L BRI B S0 5 1 -
BB AT » FudRFIMTXI AL % 5 e X e (BB EEIR, » W5
ffs X e € BEER IR R HE B8 FR R R R R N R R A oA
% o

B TEIBEM SRS X R ER A EE R » &M
o, [E1EF LA B FMR- 13 [A[Oberle et. al., 1991189 — H E¥StB12 3 & 4E
&1 BHE RN ARSI BT T FMR- IR 5 A o
MEg R HEAF] A B3R & —Z[Verkerk et. al., 1991; Rousseau et. al.,
1991] o #IFIFARAN > TN AMIFMR- IR R 5 CCGRIR 7518
KCpG &g H 2 t(hypermethylation) 3R o IKMERBH G
BRI ~ R BT Sh B R R R 5 e X (B A
S o AT B ERRYE ) o |

# # ¥ - & (Materials and Methods)

HHERHHIREAY AR ESE (Primary culture of fibroblasts)

| RSERRRAE EARIRSK E R T B B X A B R R
RIS - FARERRRR S B P AT o HAEEAOWREEER 5 e X Y B R
HASIERER—) - A ERNEREFUT | B/ RISiiAEREE
KR ERARE - DISVEIT A RS — BE & E B —5RH925-mm?f i
FEREAR > FERNAA SR (MEM + 10% FCS + 1% PSN)HI/NIE A
R HEE o FSARAREH DU VT YIHT » 8 A B% & M (35 mm, Nunc)
Ficollagenase type 1A (2 mg/ml, Sigma)jR#& » {E37 °C, 5% CO,H
LN - BRORRERE LY > i1A2 ml 1X Trypsin-EDTA » {& A
35 mmiBREM » WAE3T °C, 5% CO,IHIBFEL/INEE » AL 2 HHEE N
EHEOE » iIA4 ml MEMBZEW (410% FCS, 1% PSN) » B 2
* LR BINA2 miBR - A 1958 AT A8 & L T

18



B TR > RMIREC 208 IEEMEMIE R » 450 T-255
B ANRRBEZEE RN B0 REHRERHER
B o BB o MM EER AR R - 2B ER S T RIBEES
MERNENRIERR(RR D) > ®EMedium 199, MEM, RPMI-
1640, MEM-FA, Ham's F-10 %M medium o

HMHE IR S X 8ERVE53E (Induction of fra(X) in fibroblast)

£ T 5 S R PR B 2 e X e (a B RBHE A R R
24/NEDA 107 MBgFudR (Sigma)siMTX (Lederle) o RIKFERTRI4 ~
5/ A colcemid (Gibeo) » #RE A £50.05 mg/ml o FEHERHRURER
W ~ [EE Ak DAG-banding 75 gkt » DU R E fra(X) o FEHEEE
RSk o Bt 2 BB R 35 B ) (inducers) WI(GR ) ~ FAHIZEIEZS0
~ 100{#G-banding metaphase 3R EHHHZE » 43 24F88 (mitotic index)E
HETE2000fEHIAKIGHY o

FMR-1EX{ER] (FMR-1 detection)

—DNAKAEYLO0 pg » LI£S50UREco RT (New England BioLab)
K Eag 1 (New England BioLab){21X NEBuffer #3 » 37 °C YEH20 ~
24 /B o & 11X TAE buffer 0.8% (¥ 25 B B4 2 1k % » DNA LY
PosiBlot DNA Transfer System (Stratagene) > 13190 psi#&FE]— /\EF1E
nitrocellulose (N.C. paper)JE#k_ I o #E1AIN.C. paper L a-PiEE
HIDNA$ESt (probe) StB12.3526X SSC » 0.5% SDS K 5X Denhardt'siz
et & (hybridization) 18 ~ 20/)\E% o ZE&F45E 112X SSC » 0.1% SDS
Yel55>r5% » FLL0.2X SSC 5 0.1% SDSHA65 °C¥es5 ~ 104358 - F#
SRR AR B AT > A EEXOK Fr(Kodak X-OMAT AR)BREJE3 ~ 5
XK o

19



& % (Results)

Medium 199 > MEM £ RPMI-16407ZEFudREEMTXEE T E RS
ffra(X)EEIR o (EREF-107EFudREMTXELET » fra(X)RIEEEHAITRIE
% A o RMAEF- 104 MI{ER S (£ =) o CT-355F1CT-441%E
medium 199 ~ MEM ~ RPMI-1640% = fE 2 & K F R FudRFAIMTXHE
T EBEENaOER o BERCT-07T7TRITREE R PR FudREF1E
TERBEWNTXEE > HREMIXFEE TR ERE - M
mediumBEZE F » RNEINAFudREMTX » CT-3555 585 51 fra(X)58
1 (HRCT-077 K CT-441 2 fra(X)EEFH 82453 ZUFE B9 1R1E - CT-119
FERAE BN A FudRIEHT » fraCORIBEIR G SEAHEEZE 2 » (HE
#EF-10 & RPMI-1640FR fE R B TN AMTX 28 FCT-11980F £ 51
fra(X)EE¥E o CT-337#Emedium 199 ~ MEMA FudREE F KR E 1
fra(X)EE3R o DAF-10p0 AFudRE(MTXZREZEHARE » BB AALRA
AR HE REAE R eSS 3% fra(X)BE R RAR B S 3h 3 fraCOREER > AR
TIAHHZ S ZF R FTE MR o

534138 FLALR A BIRBHE R 2 FMR- 1 2R B R » CpG & (CpG

island) £ #8 F7 & {t.(hypermethylation) E CCGE A 77 E 2B U(E —

—) o FERBATRAEIEH B R 2.8 KbAS (LA RIER SN
A WER MR A P ERIED I RS2 KoASR(H AR % RIS
FIEEE R BETE A TR (IR o ZEMUAT B 1% 5 e X e BE B I
BEE 21 ~ YDEETH—BERRA/NIAS RS B SR
EHRLLS.2 KOZREE o SR\ SRE R FMR- I RS A RE A
CGG=Rits HBREHFY » LIRCpGEBE B[ - CT-4418E7H
METREIASE » —(E5.2 KbiaASE » HARIEE RS ERRE—
5.8 KbAgaASs » A RBHEERCCCEML R B8
fZe B R o FEB HITHE FEIRBERFLERN2.8 KbiyH
% 0 BET R R AU B RRAURE (mosaicism) AR B 48 © TS| » 2KB
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[/ — 3% A L3 I DNA(ES /N 17) A1 7] & £ 12.8 Kb R & B
(restriction fragment) o {H 4 A fitlane 52 DNAE A4 LIE2.8 KbAy
FRETE -

3t % (Discussion)

RNE B RER T 2K B 5 M XA G aa B B A R HE R
B > TERTREE R YT A # FudRFIMTXEE S BE IR 5 e X e (a8 o A
M EEERNRE » FudRFIMTXES 2863 5 e X e B8 AU REETE S
MR P EBARESR - BMER=PER » RER—KHA
AIHBHE RS AN [ 55 B R R S R A RO B R B A A R 1
W > Hfra(X)RFER B (expressivity) i RRIZESE ©

DAREHERIRIAE ~ R KB E i B METT AT E N B e X @
R R ORgindE - RN TIEAENERENT | (OFRIMXLEE
AEREIR IR R R R SRS 2R BRI MBS 2 > 31
{5 AT HEE2 7R 53 24 i (metaphase)fl IS H 54> « QR S MaX 3
CRSREER < LB E RIE > AU ERENHE T AR 2 E
(3) — L5 JF %7 2 1% B B 4 B8 OR Ui 75 18 % {L (non-specific telomeric
structural changes; TSC) » £i& BRERF R B X aaE » E3UREMHE
HfE SR (Jenkins, et al., 1986) o A3 » FEFM B AT » FEAk
BRI T LI RN » R E AT RG89 FG-banding 2
CELE > A DRBRMS X ER R AEiSHETSCREE
fra(x) o

Sutherland (1977, 197983k EERkEE = » HEEREERTI SR
S BEMRNEET > Medium 199 (£ %E#0.01 mg/l) » JFHEEER
H S X B o (BRAFERT » AIRHIFuIRE{MTX » H fimedium
1998k M medium (“~& folic acid » hypoxanthine J thymidine) 2K 528 5
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MaX e BB EBME RN » T EF R D X PO R 87
RER T HE AT R BE WK B9 Bk & P9 76 14 H (intrinsic property) N [E]B{oR 1%
B SE RIS ERY o BB S MAIE (fragile site) IR IHEK » £
R Z IR > SpH{E RAKIME & (Sutherland, 1979) o FrLA >
A (LATEREEE XK » BfeX P afs s ERMF 2 RATMPED » &5k
DNARBIZE|TIEMS [F2H o B P ATRIER S XL O isREH
ZELARERE -

FA19914E » 75 448 B B =2 St B M $E0E (clone) B B Me X e (g &
(FMR-1)#JcDNA Ef genomic DNA [Kremer et. al., 1991; Oberle et.
al., 1991; Verkerk et. al., 1991] o Dr. Oberle 24.{, #1132 fit Fe M — E&
genomic DNA#ESSIB12.3 o U{i7 5B 4 B E 2 e fEDNA » & Eco
RIK Eag 1EE B K fif1% » BEN B UL EE FMR- 1 ERCCGIZIR &
A7 B EENRE > W HFMR-1ERS WwHICpG B a4 TR E b
R o PRERECT-44]) » TfiBE TRREFENEEX3aike b
FMR-1ZERIF)5.2 KbEAgk - [RIRFIBEE] T —fEEES.2 KbEAsk s » 3%
ZERAFMR- T RIFTEAGE o R ARIEFEELX GG LFMR-TER
92.8 KbaAl5k » Al RIS HHE IR DNA R o —IHS AR
& 0 B L REHE IR 2R B R R R — /NSRS S, o T L IR SR R RO
Rl 2 s B FMR- TR E G (LRI X R @fE b IEEAFMR-12ER
FHAENHLRIXERE L o 112.8 Kb BRI A AYDNA A HLE| »
BHTEMANBRREHN  NEOKRHKEREFEZE S
(heterogeneity) o 55— GERAERE » jElane SZDNAB KA » FrlifEik
FE%2.8 KbAJaAst

AW » BfRR T DHREE R TR E S X R o
F—EE G B15 XL OieraR & FE il BB (cell type)FI5EE
R - Rt BMERE2 I S XL e » WVERAES W
MR itk » LA R e (false-negative) #U#55R o

22



BEN G F AR BARESN i RERYRS I - (B HERE R AR
B AL REE - KR » (DR 5 5ES EEi(Southern hybridization) F
R B M B ZR B INA o (2) ¥ 3 i 52 2 (premutation) [F #1105
FMR-1 BRI CCC B E B 77 1~ 5 B IE % R FMR-1 R/ & 57
Ko A RESZR—EAREETENGE - HRITRMEREE
¢ B DI BB 519 #5458 X FE (polymerase chain reaction; PCR) 3R fift & gijE2
& o

LAgr B2l 2 e X e RS BURES » FEE LRI RS 5
RIGEHE ~ ROREEIERE - AMEATREEHLHEEAREEEY -
A H—EZEERENE » 5455 R EEE L
FIRFERA o —BEAE—KIRH IR T SRXLORBIRTESE » HixK
TR S ARE LA S A Bhia T PR E (28 5 ke
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Fig. 1. DNA analysis of FMR-I in five fragile X syndrome patients.
Lanes 1 ~ 4 (male patients): CT-077, CT-119, CT-337, and CT-355.
Lanes 5 ~ 6 (female patient): CT-441. DNA sample of lanes 1 to 5 are
come from fibroblast and DNA of lane 6 is originated from blood

sample. The corresponding sizes of the signal are shown on the right.
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| Fig. 2. The area of metabolism affected by inducers and inhibitors of fragile X expression.
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Table 1. Percent breakage at Xq27.3 in lymphocyte culture

Subject Sex Fra(X)/total Fra(X) %
cells

CT-077 Male 14/100 14

CT-119 Male 8/250 3.2

CT-337 Male 5/178 2.8

CT-355 Male 15/200 7.5

CT-441 Female 10/100 10
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Table 2. Media and reagents used in Fra(X) induction

No.

Medium

Reagents (final 24 hours)

N L AW =

Medium 1992 + 5% FCS
MEM + 10% FCS
RPMI-1640 + 10% FCS
MEM-FAb + 10% FCS
HAM's F-10 + 20% FCS
M medium€ + 4.5% FCS

0.1 pM FudR or 0.1 uyM MTX
0.1 uM FudR or 0.1 uM MTX
0.1 uM FudR or 0.1 yM MTX
0.1 uM FudR or 0.1 uM MTX
0.1 uM FudR or 0.1 yM MTX
0.1 uM FudR or 0.1 uM MTX

a: Medium 199 contains folic acid 0.01 mg/ml.
b: MEM-FA without folic acid.

¢: M medium without hypoxanthine, folic acid, and thymidine.
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Table 3. Expression of fra(X)(27.3) in fibroblasts from five affected individuals

Case | Culture Control FudR MTX
No. | media*
Fra(X) Fra(X) MI** | Fra(X) Fra(X) MI | Fra(X) Fra(X) MI
cells % % cells % % cells % %
077 1 0/100  0.00 1.4 13/15  25.49 0.7 1/59 ~ 1.69 0.5
2 0/100  0.00 3.9 4/56 7.14 0.4 2/59 3.39 0.8
3 0/100 0.00 4.5 9/100 9.00 0.2 0/50 0.00 0.2
4 0/100  0.00 2.8 1/63 1.59 0.3 0/63 0.00 0.3
5 0/100  0.00 5.5 0/100 0.00 3.7 1/50 0.00 0.8
6 0/100  0.00 3.6 5/100 500 0.8] 2/100 200 0.8
119 1 0/100  0.00 3.6 5/100 5.00 0.8} 2/100 2.00 0.8
2 0/100  0.00 3.0 6/100 6.00 0.7} 5/100 5.00 0.6
3 0/100  0.00 5.0 5/100 5,00 0.6 10/100 10.00 0.8
4 0/100 0.00 3.0 6/100 6.00 0.4 3/100 3.00 0.5
5 0/100 0.00 50 | 0/100  0.00 4.0 4/100 400 3.0
6 0/100 0.00 4.0 8/100 8.00 0.5} 2/100 2.00 04
337 1 0/100 0.00 2.5 6/100 6.00 0.6] 2/100 200 0.5
2 0/100 0.00 4.5 5/100 500 0.6 3/100 3.00 0.7
3 0/100 0.00 5.0 2/100 2.00 0.5] 1/100 1.00 0.6
4 0/100  0.00 3.0 3/100 3.00 04 1/100 1.00 0.5
5 0/100 0.00 5.6 1/100 1.00 4.0 2/100 2.00 3.0
6 0/100 0.00 4.0 | 2/100 200 0.6} 1/100 1.00 0.5
355 1 0/160  0.00 1.7 | 31/100 31.00 0.5 13/100 13.00 0.9
2 0/100  0.00 3.2 [28/100 28.00 Q.61 12/100 12.00 0.8
3 0/100 0.00 3.2 | 25/61 4098 0.8] 6/55 10.90 0.2
4 0/100 0.00 2.6 | 19/100 19.00 0.6 6/71 8.45 0.3
5 0/100 0.00 5.9 1/100 1.00  4.5] 0/100 0.00 2.0
6 0/100 0.00 2.5 | 16/100 16.00 0.5( 16/100 16.00 0.4
441 i 0/100 0.00 4.7 11746 2400 0.2} 21/100 21.00 0.6
2 0/100 0.00 5.4 | 15/100 15.00 0.4 27/100 27.00 0.6
3 0/100 0.00 4.0 | 16/100 16.00 1.4 21/78 24.14 0.6
4 0/100 0.00 3.3 8/58 13.79 0.6 | 6/50 12.00 0.4
5 0/100 0.00 5.6 | 0/100 0.00 541 1/100 1.00 4.0
6 1/100 1.00 4.0 5/38 13.16 0.2 | 1/100 1.00 0.2

* See Table 2.

** Mitotic index was based on the analysis of at least 2,000 cells/culture.
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A study of fragile X chromosome expression and
p(CGG)n amplification in FMR-1 gene in a large
family

33



T X R

SMEX P OEBIRTERE AR EEE RERR - MUILERE
ERIATE - fragile X mental retardation-1 (FMR-I) » E#FkE o 7
I EE RS v ok ER R (5" untranslated region, 5' UTR)NHICGGHFE E
7 77| %% 4 £55 18 2¢ % (amplification mutation) f2 & BR M BB FF HY [
R o fE— B MeXFORBIREF AR » B Hd =Kk 5k
BT B XL aBERNLaiEsf AR EsIRTFMR-1IER
COGKLEAFIIREIGIENR - BEREEYT > +—(BIEF > =
(ERFFMR-1ERNCCOKER ERFIEBIGEN » B NAIE
CCOMBER 7B BI85 HEE L A X EiE - ARt
MR T FMR-1IEHNCCGIRL B 77 | KIS AR AN B e X Je R &
MEE > FIEMERAE > LEEBRREFHEEE THERR

(anticipation phenomenon) o
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F X # £ (Abstract)

The fragile X syndrome is the most common cause of hereditary
mental retardation. The gene, fragile X mental retardation -1 (FMR-I),
has been identified to be associated within this syndrome. Amplification
mutations in CGG repeats in the 5' untranslated region (5' UTR) of the
FMR-1 give rise to this phenotype. The purpose of this study was aimed
to test the phenomenon of Sherman paradox and to check the
relationship between the fra(X) expression and p(CGG)n expansion. In
a large fragile X family, twenty three individuals were cytogenetically
examined for fra(X) expression and molecular analyses of p(CGG)n
amplification in FMR-1 were also performed. Of these individuals,
eleven are normal, three individuals have only CGG amplification in
FMR-1, and nine of them have both CGG amplification and fra(X)
positive. We demonstrated that the DNA increased in CGG repeat has
positive correlation with fra(X) expression, and the anticipation

phenomenon been also seen in this large family.
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A % (Introduction)

SeXRaRBIRFEEREBNERRRz— EREER
fiE[Gustavson et. al., 1986; Webb et. al., 1986; L. et. al., 1988; Brown
et. al., 1990] o #AF FAiE % {8 % P (sporadic) » 55 HEX Yt I
HEEEE  WABIRECERERIREKIE o S XROIEEIRE
BT EE HX-linked 557 » RIF30 %556 oS LR Ry 2014 @8
HEEEENERE > H20%5 5 LS M X ROFEry B HRFRARIE
= [Sherman, et.al., 1984; Sherman et. al., 1985] o 4> FHEFEHERE
1 B BE 2 (fragile site)3E|—EEK - FMR-1 > AR S i
XYt B R SR Z U BT o FMR- 1R PIREE 7 D HTEE R
IR —(FHexons CGCEREATY » LLFFIES XL EER
B AL E[Verkerk et. al., 1991; Oberle et. al., 1991; Heitz et. al.,
1991; Fu et. al., 1991; Kremer et. al., 1991] o . CGGHEE 7| EEE K
YRR BB HA G » PIEEEREE REHE6 ~ 54:2fH
AT 22 (premutation) B[R B 78 REGFES2 ~ 20028 » T 56 & 5%
(full mutation)EER L EE 78 REAE2000L | o

wANCBERNBSEENEXLRIEE R T EEHES
1% 7 (normal transmitting males; NTMs)ili H {0 EHZ2 FRFHZH Y
GHeXZE o NTMsFrizRIZe B LR ] Eia B 205 » tiffHEE =24t
FIEH W2 4 R (female carrien) i HHRfEHEE FRFR LS
MeXgetasg o (ERNTMSH B FE1E3R » FMR-IERNCGCEAF
FUBLBIERTIGIN » (015 AR Rl 2o R e 2508 o IENIIEE
B2 b RIEA S H S X RO « R TR B ERRE TR S
R AR R B X RO - BRRAIAEE - BRREERER
VLRI RER % [ IE & [Jacobs, 1991] o 31 » £ S MEX R ERBUREER
A BERE R R IR K B ERREEE FAIAETE - B
RS BETRBBREANEETREEE EEEE - WERELH

0
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Sherman ¥ & lf #3828 > 38 Bh & 18 2K K 5 B A /Y anticipation
phenomenon [Sherman et. al., 1984; Sherman et. al., 1985] o

kS M X IR S el AURE EEEE » LIRFMR-1EREYIRY
THRRTEE R IR AT > SR FFE—FTRE - TEHRAUMA > B
BEr WG » BR T Hp(CCONG &5l thEh 2 A b7
715" i HICpG & AL » 7 I CpG & R B LT FMR-1 B RN H
[Bell et. al., 1991; Pieretti et. al., 1991; Sutcliffe et. al., 1992] o ;&1L
FHH R HFMR-1H)CGG {518 Ze B It [ By R 25 {6 » [RER AT
(down regulate)FMR-1 )55 1T 38 BRIESw ©

G X G efe Z BRI EE50% o TRy EE[Wang and
Li, 1993101 Rt A Z BF52[Sutherland, 1977; Sutherland, 1979; Glover,
1981; Tommerup et. al., 1981; Mattei et. al., 1981; Fonatch et. al.,
1981; Sutherland, 1986]3Z 8 ) LAHR IR (F 52 77 EE(HHI B e X e &0
8+ H— B AR R ORI (cell type) BRI - HB—H
ROMXFOREREREREER » BiE— KBRS TEARAK
BAAR S o FEHFHORWERRIEGE F - BIEFA SR EH—
GEX R ERBIRFFAREFN =R Z+=47K 8 » B&i&Sherman
paradox B 47 CGGHiA (expansion) 52 55 s X 4 ¢ BAEEEH P AA B k2
3T

TEEF—REE PRI =K 8 » I T BeXRaRERE
MR E - KRS SBI2. 3B MR FMR- T BRI T{HH] o
BEREET  +—(IRIEE » =({EFRFMR-IERCCCHERE
BRI AESIEY » MAENIRCCCKIREREFYIF T B
RIS HX SO o HLRBEERORE > RIBEETHERS
(anticipation phenomenon) o LIRR{EEFFS 47 » TR EREE| LRI
RIFAVH WA IEAERAY - B ECCCRYIERERBBEE » HE
MeX e Rg B iR tEm P < 0.005) o
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# # 1 ¥ ;& (Materials and Methods)

72 ¥ 8 (Examined subjects)

A2 FeE 2R B R — AKR(RE—) « —+ =% mK
BERES IR - 112, 114, 1I-6, 11I-1, 1II-3, 1II-5, I11-7, III-9, 11I-11, III-
13, 1II-14, 1I-15, 1-17, HI—lS, 11-19, Iv-1, 1IvV-2, IV-3, 1IV-5, IV-6,
IV-7, IV-10 £IV-11 o '

FE2ami s XEeiErysE3E (Induction of fra(X) in peripheral
blood cell)

L& BT (heparin) fY2H {E# 110 ml » 5 mIPIM medium{EREE
BIZ ZNeXFEEE » 555 mIEDNAZ LT EaF RIS o MRl
mij4 ~5/\Ef 5 A colcemid (Gibco) » B H£0.05 mg/ml o HHFE
YR ~ [EE il LAG-banding T R4 » UG (AR E fra(X) o F—1{E
B35 2 e — B [l 53 2473 (metaphase) i

FMR-1;7 188 (FMR-1 detection)

5 —DNAEARE0 pg » LI£50UR Eco RI (New England Biolab)
K Eag 1 (New England BioLab)21X NEBuffer #3 » 37 °C fEFH20 ~
24/\(F o & 1X TAE buffer » 0.8 %I EZEBREEE KT » DNADL
PosiBlot DNA Transfer System (Stratagene) » 1190 psi#gE]— /NKFFE
nitrocellulose (N.C. papen)JE#%k b o #HI4HIN.C. paper Pla-*PIEE
DN A¥EST (probe)StB12.3526X SSC » 0.5 % SDS [ 5X Denhardt'sis
WS (hybridization)18 ~ 20/\KF o #EEH4E1L12X SSC » 0.1 % SDS
L1557 » B LL0.2X SSC » 0.1 % SDSHA65 *C¥kS ~ 10438% - 512
B AR IR B > WEEXE /i (Kodak X-OMAT AR)ERJ63 ~5
XK o
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Z 2 (Results)

ZHEMIR B DHIMGEER TR X a2 ink o
B HEHFMR-1EHM T CGGHEIEZe%84 (expansion mutation) Z 4347 o &
HIV- 10 B ERMEEI AR E - HE_T=AEF » +—LZLE
# o NIEE » ZMFRE - B—RENS XL ERER a2 K
CGGEAFYPEINRECIKbREA) » FEREE) - 2 OLERR
HKIRE — R B#8 Lmarker DNAFRMEALE » DA EIBI5R (semi-log
plonfFEIZRETE o At » B RAE L RIgHN—BLEL - B EaERs
et e —EFRREE D) -

112 » T-4FNI-6 88 L3558 1 B M X R BE IR o MuFIERAT A —R0
Ze B R M {HAS IR R X » CGGEBEFY 8 & R a8
PG - HRMFIER - —EEJEENAISZILS » M h—
@RI T 1 Kb » DIy AER A REARER » FERRIETE S 2 oes » Hi
FIIMBRAE 10% 5 M X FEaEgaIRzR « R > FIH EseseBEiEs ik
R iR R R R o

L B ZEE] » CGCERAFIIRE —REE—IghN o Mt
— ISR R EIV-10 » HEINEEQLA"RE ¢ A = 2 Kb) K thfth#
(A = 3 Kb o fB938 Sl T 55 & Shermanffrfg#Yanticipation
MR o WEF IR CCCEE PR ERISINEL S M X 3 1 aa a1
e EERRRERLREP < 0.005) (=) -

BiBwg > KEI-19F—HIEH K0.2 Kbiyeast k—F 380
1.8 Kbiy# ARG (E ) o Fon IERE AL e A pize B &
 MEEHMRERS2RBER » B AR —BRAEE

(mosaic) o
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3+ Z# (Discussion)

BB MEXPERAREZE - TS MaX R e ER K
pCGOn Pt &g — N 2 &5k > # £ F| A7 5 #Y anticipation
phenomenon o ffl » F—AFRIAKIER © BH—RE— » XL
ERBURTHRBEEEREM - 5% > HfEHAp(CCONEE
TR0 5 e X et fg & BB S AR A TEAERA T -

KGR BATEEN T =M ERFRE » 12 5 114 » KI1-6 o #i{H
S X RO BE - (BERCCCEBRFYEEHE —BLEhe
i1 o R ERFTETE -5 R — S 2B B T IR AT RS (W28 o BER
IZRER A IR B AT REAREE » (BRIANERIR B R S B B X RE &
{ERFEAREG | BXL a2 EREp(CCONEEIRE « B —
BH— Hr R ER » RREA B a8 BRI L %180 % T 7k
100 % & =35 H 27 [ [Sherman et. al., 1984; Sherman et. al., 1985] o

s EA P RIp(CCONRE » —UL— 3G » Bidr ZaIAR
2 T M (meiotic instability) BYET 238 BHRSR I EH o 55— BEE AL
BRRFRE "Bl E LY FE " (founder chromosome effect)
[Chakravarti, 1992; Richards et. al., 1992] » (HE2 H'EHHEIE G IEE
ZX#i(unequal crossing oven W AJREINE T EHE AT - H—EFHER
A S1IV-10 » Bf1BEE] Tp(CCONEFE R © HI-1955 EfE 2 T
SR MR kB 5B (mosaic male) o (IDNASMFFAIE » AUBSHT
BRSO BIR A NI B R e B2 BB R o SBIRR KRR THEINFREK
BEPCCCEAFYIR LR > HEERRBENUBETIHEHER
o HEURBORR - BHHE—F > Hhho Z1% 2 M (mitotic instability)
WEFAET » T T Kofy# 5 — i RAR (smean) FF AR AT (A =
1.8 Kb) o &AM HAL BRI RIRERE "~ 1EBIHIDNAG L ”
(slippery DNA synthesis) [Kunkel, 1993; Strand et. al., 1993] o B&{F&
BB RURSAIFIERE RE o
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- 193 HE RS » th5 bR s B ERER S BED
HEAL - EF XM S 8L FMR-IFFEL > &K (down
regulate) 't H FE IR 1T 2 4 =5 [Bell et. al., 1991; Pieretti et. al., 1991;
Sutcliffe et. al., 1991] o 4RI EHRIBERI AT » FMR-1F)FH ELIR
REFNH 2 e X R B BURE BUR 2 TN FTE BRI 52 51A B [McConkie-
Rosell et. al., 1993] o G S BB RIMY 20 » PRI BRI ZE £
{4 FE B {bi(selectively differential methylation) » FREREIFEI-6EHEEE]
F— (B ) o MAVIEE BRAR S EAMRIELX Qe » 28BN
SEAIPNEICXG GRS > 35 R RS B2k B IR E S {CEREIE
| TIE{CEERAY2.8 KbgaS.2 KbRASEARETTIRAT © AELLSS SR g
TS5 > MIRGEER RS FAYRN G RIIZ2EREE - E5MXE
R BIRE IR RIRAVREEE - A EREEEEEFEL
HFFRR XL NG L ER TR A - Al » XPEaEie NGl
ERTE 2B LR S X R EOREIRE ZIRRRE L » EEE
A e

RS IEF BAMEE] T anticipationZi R » HApIIS2 A 5%EER
#i(incomplete penetrance) o (Kt » EHALEIRRAVEIEL » H—AIEE
FRISHeXFEEHERBEN S - EV2EEREEER - BriHEREH
ZMeXFERRIAE » EERENZEI AT LK LAIREE - 2
il > A B = 2 FRT-PCRAY /5 i & PCR{EHISRY EE R /ERG 72
HHIRE » B— I BEZN G RXLERFRE (RS SBI12.35
B) > RIIHTER T —RERIZE ° £ T—ER AR -

Yu& A[Yu et. al., 199212 #4p(CGOnE FEL S Ma X Yo E8E
IR IEERME - MRS RIEEE TEE » A REER
A5 M X s 2 BEIRRAEES50% » IR SMaX Y mas > Stk o
Hansen®: A [Hansen et. al., 19931845 » fEZe B A FMR-13% & §E8 H
FAURHE B 25 TR K] 180 KRS FIDNAREL o ] RE k5 e X 4
RS ERIDNAG S » [GEEEEEE Mo RN R OiRE - &
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REFES EPEERIRER  BA — IR R CCE L HIR &
AP - BIEAESZ-DNARYHFE(RIch et. al., 1984] - FH{IHIIE
1 » p(CGGN2100% GCHARKAIDNAFFYY » A LURAG Al REEA A 4
ZEIERIDNATETS o 280110 » Z-DNAQMAIRZ SR EOEERRRE - BAIRE
gtk © Z-DNAE B iERREs| e  BRfnE—2E0 -
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Figure 1. Pedigree of the large family in this study. Open boxes and circles indicate normal individuals, and doted
symbols indicate these individuals are carriers (premutations). Solid symbols indicate affected individuals,

with exception that I1I-19 is referred as a mosaic male (for detail see text).
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Figure 2. DNA analysis of FMR-1. Only partial individuals of this large
family are shown. The individuals in lane 1 to 9 (from left to
right) are: II-7, II-9, III-11, IV-5, III-3, IV-2, IV-3, II-6,
and III-19. The corresponding sizes of the signal are shown
on the right. The 2.8 Kb indicates normal active allele and the
5.2 Kb indicates normal inactive alleles. It should be noticed

that premutation allele of III-19 is unmethylated (lane 9).
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Y=0.41+0.09X, P<0.005; r=0.74, P<0.005

Increased DNA size in K

O i 1 1 1 i 1 1 i

0 5 10 15 20 25 30 35 40

. Percentage of fra(X) expression

Figure 3. Correlation between p(CGG)n length increased and the
percentage of cells that express the fragile X chromosome in
peripheral blood. For the mosaic individuals (III-19), two
bands were both scored.
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Table 1. Percentage of fra(X) expression and DN A mcrcased in
kilobase of each individual.

Percentage of fra(X)

Position of individuals | Increased DNA size in
in pedigree - Kb expression
II-2 0.2 0
I1-4 0.3 0
I1-6 0.4 0
IMI-1 0 0
I11-3 0 0
II1-5 1 10
( I1-7 2.5 26
I11-9 0 0
III-11 0 -0
I1-13 3 4
111-14 3 32
II-15 3 16
II-17 0 0
I11-18 0 -0
11-19 0.2/1.8% 14
IV-1 0 0
V-2 0 0
V-3 0 0
IV-5 0 0
IV-6 2.2 25
V-7 3.1 16
IV-10 2 36
IV-11 0 0

* indicates this subject is a mosaic male.
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The Study of RT-PCR in Prenatal Diagnosis of
Fragile X Syndrome

53



X i R

BHEX L O MRS SR > (SE R - 5L
ST (B 5 RO T M R B - RIS B BT » TR e
et R E 2 & o Southern analysis ElAREMIERELET > (HEE A
EAMAAAT{LDNA » 7 LS RIRE 5 5 558 A AR B B R T
ST TIEL o I > BEH—EHRE - ¥R ~ I BE H: > —
EREMEXMIBEN o HFISETIAR S » LIRT-PCRAM S
WX B R R » SETIRE R R EERTE2 1T o ST FIRT-PCR
SR T RIBIEE RN > BRI AANE EEFMR-IERS B o
oA TS B » HEREHSRT-PCRYE A B P BB PR 2 IR
EQo
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i :}&j # (Abstract)

Fragile X syndrome is the most common form of inherited mental
retardation. Cytogenetic diagnosis is the traditional method for detecting
this syndrome. However, this method needs large amount of cells to
examine. Furthermore, it is time consuming and false negative results
may occur in some cases. Southern analysis can give more accurate
result. This method also requires a lot of cells to obtain DNA. Thus,
both cytogenetic and Southern analysis methods are not suitable for
prenatal diagnosis, because the specimens are not sufficient for prenatal
diagnosis. Therefore, to develop a fast, accurate, and economic
diagnosis method is highly desirable and lohg overdue. We have used
RT-PCR for prenatal diagnosis of fragile X syndrome. We used this
technique to perform two prenatal -diagnostic cases and identified that
both fetuses are normal males. By our effort, we hope that RT-PCR can

be routinely used in clinical diagnosis.
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F % (Introduction)

SRS X O EIREENER » TERFMR-1FRE—{Eexon
795" S <#8EE [ (untranslated region) CGG = Btz s 5% 4 #510 g
(expansion mutation) [Fu et. al., 1991; Kremer et. al., 1991; Nakahori
et. al., 1991; Verkerk et. al., 1991; Yu et. al., 1992] » {F{5#C B R
(promoter region) HJ Cva E (CpG island) &% 4 # BH # 1t
(hypermethylation) [Oberle» et. al., 1991; Rousseau et. al., 1991;
Steinbach et. al., 1993] » EEFMR-1 R~ [Bell et. al., 1991;
Pieretti et. al., 1991; Sutcliffe et. al., 1992] o .

D EZE S X LR ERE > TEREMEESENE
12 fR 43 24 v HA 3 €6 88 (metaphase chromosome) 5 £ 2} e X Je 1 g
(fragile x chromosome; fra(X)EHZR o MEEHFF % Hifilf b PR EE %k
ke (D) WIEE—o 2T A ERRE IR H 2 e X B a8 Turner and
Jacobs, 1983] » (2) BfaX Rt % » HHRBEEER S E
fR/E&[Sutherland, i977; Sutherland, 1979]5% 4 thymidylate synthetase{]]
#1175 FudR[Cantu et. al., 1985; Glover, 1981; Tommerup et. al., 1981]
oY, < B 15§19 Methotrexate (MTX) [Mattei et. al., 1981; Fomatch,
1981] » B35 LLEEY &} & (& BN /> 24788 (mitotic index, MI) [Wang
and Li, 1993] » $@hns# RO REE > Q) HIPFMR-1ER Z HijZEE
0 REPEIZRE| G e X B ESRaR o Bt b ¥Ry » #lilEEHES
GEEREENZE L ZEEHRE - B T19914 > ZIRFMR-1
ER%E O FEMBRN AL  RBETEBHNZERR | D
Southern hybridization ] LI & £ 22 i R8BI R » MEMEETE
#1710 ug DNA > 711t R B HIDNATREEE B A v 2 B AR IR AR
BT o BRIFMMREREEE » (EEEHINRE T 2B -
F¥7& » Southern hybridization&fE RFESN2 ET HH NI ZEBHVER » HEY
PRCGGEAE R IN—REERIRIZeB B » RUREE/FIEREFIE
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A FPCRAZ 1 5 M X e LB BURBAERE BB — ok ~ RIS
B KB R IEATEERNTZ2E L o Fuse A kPergolizzi% A [Fu et. al.,
1991; Pergohzm et. al., 199212 SE K FEFH &b(ﬁ{’?%ﬁ‘Xﬁé@ﬁ%@ﬂ%ﬁ

2 0 AT L IEH ARNFMR-IERCGGFY 2 BHE KRBT

6 ~547R [ » Wiz ERFAN 7252 ~200R Z [H[Fu et. al. 1991] o

{BRPCRG EINEH AR ERIRE] » RCGGHIIAR G GHEEL » i
{BPCRIG D) » BT SeAR LR EE » PCRIZ FEH 5 LA7-deaza-dGTPHY
R IF % I dGTP » {H & & 7-deaza-dGMP > DNA 4 %% L\ ethidium
bromide ¥ &1 [Latimer et. al., 1991] » B LA 2428 DL a-?P-dCTP & %2
DNA » 5% D B B U BER EAIE Y AN o R IBURERI AR 2
FREEET > WEERS T —HEHEEEYERE » BINERE
ZEYE o Bt bz ¥l » $#R—HEPCREKAME ~ R&E -~ EHEN
FEEHER EZFEENY o AUEM2 I AR 5 (Pai et. al,,
1994] LART-PCR G LB FMR-1 B Rz =5, » [RIRFE LB HPRT Z 3R
Ve B BN TEIZ % #H (internal control) o 5@ RT-PCREAT » FATE B
ThH5E R T MGIRY) 2 Me X B Ba Rt < EENIR2ET o AR
smPCREEZRT-PCR » £ BB A N2 HME LA B ] sERITGE
731% o |

# # #t ¥ 3 (Materials and Methods)

RNAZ#{t (RNA Purification)

BERIST-25 flaskz FKMIMUERREMIE - PREE/N\SWHE » L
ULTRASPEC™ RNA Isolation System (Biotexc Inc.)#fi{ RNA o #fi{l

AR RISV LR > AT -
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— ~ R R TTREREL -
— ~ jn1 ml ULTRASPEC™ RNAZ T-25528
=~ DIBERE ETHITEOR » BaeE -
I~ BHARRZELS mIfgERGE > BrkES ~ 1049 -
ﬂ.mmmmdeMm,@mﬁgwﬁ’EWLﬁﬁgo
7N > 134 °CLAL2 Krpm (2155734 o
+ ~ INDHEEEKE (B REFTE » Y1Z7REISFEmRFEE o
J\~ TIAERSTE S FLNES(2-propanol) » $£45) » ok L1057 o
Ju ~ 4°CLU2 KrpmBfi (3154758 o
+ ~ Yl (pellet) PA1 ml 75 % EREHE— K Euﬂm@ﬁﬁﬁﬁw
ﬁ °
+— ~ [RRZDIERSE o
4+ ~ YEYTEEERAS0 ul DEPC-H,0 o

FMR-12RT-PCR(RT-PCR of the FMR-1)

RT-PCR [ fE43 51| 5% 58 Bk [ #8845 (reverse transcription, RT)E3{5
FI5%BRPCRER(D o FT3 | F(primen) L 8 R I Bl — o PCRER{H X AT
43 1st round PCREH2nd round PCR o

(1) RTSBEAN T : [ REMER4FEES20 pl o 2 pg total RNA > RT3|F
£ 5 pmol FMR-1(#4) K 5 pmol HPRT#2 (HPRT primer; internal
control) » 200 pM dNTPs > 1X M-MLV RT buffer » JE& %90 °C 5
min. * FANS units RNasin (RNase inhibitor, Promega) » £ F 110
units M-MLYV reverse transcriptase (Promega) s 37 °C 60 min; o 195
°C 5 min.#2 1k KFE > FERIIEHARAEK L -

(2) 1st round PCR: 1st round PCREEEEFREF40 ul » KEANIT: 20
pul cDNA (RTEZE%7) » 200 uM dNTPs s 1X Taq DNA polymerase
buffer » 2.5 mM MgCl, > 5 pmol of each primer (FMRUS#1, FMR-1#4,

HPRT#1, HPRT#2, 25 2 IR [/f{ [l —) » 1 unit Tag DNA polymerase
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(Promega)  HEHEAER9S °C 8 min.: 95 °C 1 min. » 55 °C 1 min. »
72 °C 1.5 min. 30 cycles; 72 °C 10 min. o

(3) Second round PCR: 25— RPCRIEFEFFE20 pl » KFEMNT: 1
ul DNA (1st round PCRE %) » 200 uM dNTPs » 1X Taqg DNA
polymerase buffer » 2.5 mM MgCl, » 5 pmol of each primer
(FMRUS#5, FMRLS#6, HPRT#3, HPRT#4, i 2 B E —) » 1 unit
Tag DNA polymerase (Promega) o EEHA{6:{4:[5]Nest PCR o ZE#L16
% B2 TN 15 Bl e B # (polyacrylamide gel) » 1X TBE buffer & fik 47 B »
512 BE2 Dl ethidium bromideZy €8 » 3 DAPolaroid type 57 5 IR E
R o

# 3% (Results)

TELART-PCRYFERTZEIZH]T » TR T 2% R FH & Bx (preliminary
study) o EEFHIM KB BB ENEEEAMM - FEEETHERE
o BT H R ER B » 3238 % freverse transcriptase ;2
dANTPs X Tl [ FENEF » B BRY16/F £ 10U reverse transcriptase 52200
uM dNTPs (Bl—) o FESEIEELET » FMR-15 HPRTIS T RT-PCR
R 2R > (B2 B A Ai (LAY RNARI B E#EHEHPRT R K H 2K [Pai et.
al., 1994] » BETERRFIERTZET+ » HINFEH{L ZRNA LT
HPRTI AR B ) REZ) o A #IfsH S » FMR-1Znest PCR
J2nd round PCREY)XG ] FEBEE F#EH EF(206 bp k2137 bp) ©
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3+ # (Discussion)

LIRT-PCREAES e X Qe tufig < Fikw > HEE A HRE ~ R
B o TLMER BLEMHER T » BEHBBEEHIM-MLV reverse
transcriptase (100 units) JzdNTPs (800 uM) » €EZ2 K kI DNA S
(B —A) » %ﬁ%”ﬁ"{]{%#,ﬁ\u%m unitsfjreverse transcriptase jz 200
KMEANTPs(—C) » 7] BB B HIINTP @il RER HI5: » BB
FEER L EE BIEY - AMEREE R NEEH#EAHPRT
AR SR 2R » Bl RERVARRE 2 B8 MIRHIRE R SN RIRHPRT -
ERRSRRSAME | ERNARFRBME » a7 HEEFMR-15¢
KR 0 XHPRTHAEMERHE PR » TR Bk R
rEE kR KRR R REER K EL T MR M E
BERRFMR-IER B 428 o BT HRATEESIHER S 2B M|
BRIh o TRMEREF T — R RPS4X (ribosomal protein small subunit 4
protein, in X chromosome locus)Z: K #)5 | F[Fisher et. al., 1990] » H
R EAR GRS T S RE R -

Zi e X et e B iR Ar 2 X-linked 3% » 41 [7] H & X-linked j& K —
¥ EERZE - REBINEEE LB  EEREES
SR REIR L IERERVE A - AR ZENZERA » REERRF
2 BR F g R BB 1 (4 BIARR SRY PCR & e 1188 i AL e 2 > data not
shown) o 5 ANKIRG R BN » BMMEEPIER R IEE BESs
RSBl 0 R 2B —IEEHNFMR-TER
GRI » FIURT-PCR{GEMHEY) - WEFEAEFH > AR TR
BRI EERT-PCREYI HLIEE 2o EY 2 > FiLART HBRe EAIE
HAR o (ERBRMNEFR B » RFMR-IERMTR XY EH » Htz
BIX RO BTIE LR MR EEX inactivation) © ALL - R4S RTE R
B R (IS LRI R TR A 2 S8 ER) » f8IBRT-
PCREYBIEH FREARIER Ll » GRBAKNED - RBR
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HAREHRBERA SR EEXR O - EFERSAELX
Retfe > Bl L —FRI-6—4% » EEFE YL TRT-PCRZIER AT HER]
FEA— - BERILENEESEZETA  EREMRIINEEE
{fiot DA R R EE NI » T4 T B HEBRA R /N %&%ET
= o kX AREE » RT-PCREIEEZE T e 2Bl » BRAEHE
fir L AOREE > (BRR SRR BN - R ERNE - REH m%ﬁﬁg
5B 14% » RT-PCREMAS L ERY o B8 > ERa R %R E T E
R » BPIERS R T IEE AR EhngsE -

BT RS ERRENZER  BLKBARLEEHHE
4 > B—E SRR FIRE R RT-PCRAEE(SHI H R 280y 2R o HibeT
ze B 9 E R H CGG 71 R 3G hn— Bh B » i K FMR-1#9 {2 Bl (&
(promoter) % 4 FRELAL » AT AFMR-1{7 5 §88%/EF » RILRT-PCRE
N o BRI RE T USEPCRIBCK & CGG 7 YDNA F B (TR
£ “CGG PCR” ) » FMAI 3 MTRaFEFMR-1 B RICGG [R5 iz B R
R o (HEEE TR IBERE » RMEEMBREE RSP
BRRRIEEBEREETERBENNLE » RBEMENELE
RE(pattern) 52— o B FH —RERIR S BIRVFE - Tf%ﬁﬁ%lﬁﬁjz
RIEEME o

A BE HRIIERICGG PCRE R » TFHIHMETHBIAILE
Kifjze s FMR- 12N CGGRFY & EHE REEE & ST e EEIE
FRENZE - HREEEHEERFEE ST AKERalleles » HIH,
SEHAD REEAEm L o

R CGG PCR K RT-PCRE:Z T RS » L » EX1F]
FR R ERE » FEE—4 LISouthern analysisfit 5z o FfEECGG
PCRERT-PCREEFESIEH » HCGG PCRATHERR M RA SRR FIER
e B E R RE o B » ERER MR IEIDNAKY
FREALARRE » (R & 2k SR URE < {88 (mosaic individuals) » [F]RFLE
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REEH T S 2 RBERNWLME L RS R FRZPIE - il 2
Southern analysisfiE— 3 Epss A B A E M o
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12345678 9101112

M1234567 89101112M

HPRT »

FMR-1T
)

123456

B — RT-PCRz T8 5 - Panel (A): 100U R.T., 800 uM dNTPs; lane
1 ~ 9, cultured amniotic cells; lane 10 ~ 12, cultured villous
cells. Panel (B): 100U R.T., 200 yM dNTPs; lane 1 ~ 10,
cultured amniotic cells; lane 11 ~ 13, cultured villous cells.
Panel (C): 10U R.T., 200 uM dNTPs; lane 1 ~ 6, cultured
amniotic cells. ¥APanel (C)2k L & 4F -
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M1234 M

HPRT = ~ 388bp

~ 206bp

FMR-1 "~
o <137bp

B — & %1% 87 — lane 1, normal control (cultured amniotic cells);
lane 2, BC-1080, mother of AF-134 (peripheral blood cells); lane
3, AF-134, the cultured amniotic fluid cells used in this prenatal
diagnosis. M: 100 bp ladder DNA marker. {f_a‘.ﬁ; EENR B LR
s HRNA S35 48 %) 1k HPRT % #(388 bp) »
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' HPRT = ~ 388bp

- 206bp
=~ 137 bp

B = AR ##r=# — - Lane 1, AF-468, cultured amniotic cells used
in this prenatal diagnosis; lane 2, mother of AF-468 (peripheral

blood cells); lane 3, normal male (peripheral blood cells); lane 4,
normal female (peripheral blood cells). R A # 1% M 3K 2 RNA

B W LHPRTE %) -
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HPRT
5 3
HPRT#1 <«=— HPRT#2 (RT)
—=3 HPRT#3 «=— HPRT#4
- =
388 bp
FMR-1
5' Exon VIII 87 bp ExonIX |3
—=» FMRUS#1 <«=— FMR-1(#4) (RT)
— FMRUS#5 <«=— FMRLS#6
- =
293 bp
- =
224 bp
= —
206 bp '
- =
137 bp

M B — RT-PCRYpifg Rl &403] F 2128 s & & 42 K| (Pai, et, al.,
1994) o

70



£ hE

w4

[ Dt'w 4

Conclusion

71



AE X B WX e O RTE 3 5 AR - 351 TR B A X
CRREIR SRR - WISEIRSE: DR REER S R S X 3
R ELOEAMBECRNTE R L LUERRE % (false-
negative) {5 o HEE T IR T B e X R SRR BEFMR- 1K
CGGH%HE 77 RIBAMR » B3R5 Ma X R RE BRI BACGGIL IR
PR IEFEREEP < 0.005) o [FRFEE S X RORBIRRZ
o FE RGBT BRET » BMRIRERERTARERE — B M2
7 FirEE#Sherman paradox -- anticipation phenomenon » 3 H¥tFMR-1
HIECCOIEEFTIRE » RERERHEAEL » T BT M
fERE o FMR-1ELRH (LR B (methylation status) B2 53 faX G B BR
ez 454U (phenotype) ] » HE B YIRIR(R - THE LM 2%
% (full mutation) » HAN R REE )IRE IEH FMR-TERAAE(L
XZEE LA E » B ER T B e 2B B RN 0 d » i
= I RIEH ©

KR EMD » AIRREIRT-PCRIZ 5 s X e R R AT
NI ET TR 2 3l o MR ER S T mPINERIZE > 3=
ERRBREEB  AF—EXRORE > P EE LEMETS o &
M5 7 RT-PCR ~ CGG PCREdSouthern analysisfEEFjZ2EIFER L
ZAEEREL - MR T BRI E I RS B LRI EE % - RT-PCR
FTREAS B FBCGG PCR2E1RA » (BB HEEHE » WEF R
MEEYRIRRE  ES MR EER RENZE LI - Rk - &M1&
FEEER £ > AR LIRT-PCRI@ER R I (7 FUinfe - F TRIEH
Southern analysisfifE— 434 o

RRFAEEERTEGRXPCERBEH ZKEERFAE - &
NI EBEdird Rzt » BEMRIEPREIFMR- 128 RS > LI FMR-1
ZBURTEEE o BRETK I FMR- 1288 > FE{ER B Bt
‘& Ftrinucleotide expansion mutation 75 B %< 9% 2= K (4 41 : Myotonic
dystrophy, DM; Huntington disease, HD; Androgen receptor, AR;
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Spinoccerebellar ataxia type 1, SCAI W2 %% [F K] o T e iR H B B
B AT R AR ARG AR LRI A M)
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W é% — F B ¥ R

DNAJZETStB12.3p9EL1# (Probe StB12.3 preparation)

¥E$1+StB12.3 74 382 5iE #F pBlueScrip SK-d7 > 5ifi DAE. coli IM101 8%
5l o SB12.3MYBIFEEIEAT | Phi#t B — & (single colony) 5543
ml LB/ampicilin borth (ampicilin # B & £ 50 pg/ml, Sigma)
overnight » 8% Ex1 mlfj[1 A 50 ml LB/ampicilin brothp 5212 ~ 14
/NEF o RIS o AS000 rpmECFioy 58 0 Rl LYE R > BEENEL
Qiagen column(Qiagen)H#EfTHE(L » JFEHEAIT:
1. Resuspend the bacterial pellet in 10 ml of buffer P1.
2. Add 10 ml of buffer P2, mix, and incubate at room temperature for 5
min.
3. Add 10 ml of chilled buffer P3, mix, and incubate on ice for 20 min.
4. Centrifuge at 4°C for 30 min at = 30,000xg.
Remove suspernatant promptly.
. Centrifuge at 4°C for 15 min at = 30,000xg.
. Equilibrate a QAIGEN-tip 500 with 10 ml of buffer QBT.
. Apply the suspernatant from step 4 onto the QAIGEN-tip 500.
. Wash the QAIGEN-tip 500 with 2 x 30 ml of buffer QC.
. Elute the DNA with 15 ml of buffer QF.
10. Precipitate the DNA with 0.7 volumes of isopropanol.
Centrifuge at = 15,000xg at 4°C for 30 min.
11 Wash the DNA with 15 ml of cold 70% ethanol, air dry for 5 min,
and redissolve in a suitable volume of buffer. |
{17 B plasmid Y20 pg BA20U B Pst TS 37°CAk B2 /N (2X
overcutting) o /K fE%FIDNALL1 % low melting point agarose gel » 20

v 0 3 O W

74



volts 0°CE Uk Bl » #FSBI2.3FAIERBRSTE T » & eppendorfi (s
&k o feppendor it LMEE 60 *CKWE » BB ERINALNS Z
—BETEAYS M NaCl > vortex » FHF[E]60 °C/Akid o LIEFEFERbuffer
saturated phenol(£0.2 % B-mercaptoethanol)fFHV— K » Bff:(»14 Krpm
105368 » ¥ LEREIHTE » LIS Iphenol/chloroform(i£0.2 %
B-mercaptoethanoFEY—K » A14 Krpm@f.(» » BRIZKEHEHTE -
£ % DA chloroform £ B — 2K o DNACK /&) LAO. 8 fE Aa FR HY SE W B (2-
propanol)yi# » DNALLI70 % 5 100 % RS %—K » [z » 1ADNA
72100 pl TE buffer (10 mM Tris-Cl pH 8.0, 1 mM Na,-EDTA) o

M HERHTREDNARYHEE (Fibroblast DNA purification)
DNARH{LZBRANT © MRS =R & o-MEMAYT-8055 A -
P RIS T > BRI H %5210 ml solution I (10 mM
Tris-C1 pH 7.6, 10 mM KCI, 10 mM MgCL)r o 151500 rpmg.(» » )
i EIEW > FNALO ml solution o FE# » FAIMARTF o HEFIOA
120 mlfjNonidet P-40(NP-40, Sigma) » 325 {51 B RS 24 o 1312000
rpmB.0 o BT _EVER o A UUEBY) B #2300 ml solution I
s IS HE R Eleppendor B (& > H1A 300 ml solution II (10 mM
Tris-Cl pH 7.6, 10 mM KCI, 10 mM MgCl,, 1 M NaCl, 1 % SDS, 4
mM Na -EDTA)#25 o i &M AL S R 1R » LIS 38 TR AY buffer
saturated phenol(£0.2 % B-mercaptoethanol) FEEY— 7R » FERHEV B BE ()
ENTRIZIEB AR DNA R EER » LI14 KrpmB.( > FIGAKE U
YA tipgEHti El eppendor {0V > INLDANERE FLEKBMEER o
I RE A S FE yphenol/chloroform(£0.2 % B-mercaptoethanol)ZEHY—
7R » LA14 KrpmBE.G > B K G LAYT O A tip 4 El eppendor {3 . [y
E o INODARRE S HAEMEER o &% DchloroformFHEL—K o
DNAQCKJ&E) LL0. 8578 TR 1Y 22 N B2 (2-propanol) L% » DNALL70 % &
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100 % RS TE— K » [aEZ » YADNAR200 pl TE buffer o S IFH)
DNA DL E 455 (Spectrophotometer; DU-640, Beckman) I3z 260
nm FAH #0852 260 nm/280 nmif SELL{E » DRSS DNARYEEE

o
B mERHMBEDNARYST L (Peripheral blood cell DNA purification)

5 mlfn#g S ml solution I (10 mM Tris-Cl pH 7.6, 10 mM KCl,
10 mM MgCl,) > #£45) © /1120 ul Nonidet P-40 » #F25 4 I1BRKZ HERAR
W o LT S ERFEIGE I RDNARI L5 1 -

StB12.35 5 R ELEE (Isotope labeling of StB12.3)

#h b 1 89 StB12.3 DL Y% B B 8 455 (Spectrophotometer; DU-640,
Beckman) il =260 nmAJFEEE G fE 260 nm/280 nmik e ELE » LA
[EESDNARVEELE - 720 ~ 40 ng StB12.3 5 50 nuCi a-**P-dCTPH}
B4 [ {7 3% DANIck translation Kit (Promega) » 215 °C 1/)\Ef 58 A&
E ° =18 L Sephadex G-50 (Pharmacia) column4;BffE%E 2 DNA o

B 75 EC#SED (Southern Blot)

BT 7 1 P RIS — 2 BRdepurination i o Agarose gelsg
1X0.5 N NaOH, 1.5 N NaCljE¥ =438 > 7 A3 M NaCl, 0.5 M
Tris-Cl pH7 05238 =473 o 2ELEEII DshakerfR18HEE) - BREN
<Z DNALJPosiBlot DNA transfer Systemf&20X SSCL190 psi » 1/\F »
#EHE[14ENitrocellulose paper (S & S Inc.) o
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Mok = B % A
Solution Method of preparation
10% To 1 g of ammonium persulfate, add H,O to 10 ml.
Ammonium
persulfate
0.5 M EDTA |Add 186.1 g of disodium ethylenediaminetetra-
(pH 8.0)  |acetate « 2H,0 to 800 ml of H,0. Stir vigorously on a
magnetic stirrer. Adjust the pH to 8.0 with NaOH
(~20 g of NaOH pellets). Dispense into aliquots and
sterilize by autoclaving.
Ethidium Add 1 g of ethidium bromide to 100 ml of H,O. Stir
bromide on a magnetic stirrer for several hours to ensure that
(10 mg/ml) |the dye has dissolved.
5 M NaCl (Dissolve 292.2 g of NaCl in 800 ml of H,0. Adjust

the volume to 1 liter with H,O. Dispense into aliquots

and sterilize by autoclaving.

10% Sodium
dodecyl sulfate

Dissolve 100 g of SDS in 900 ml of H,O. Heat to 68
°C to assist dissolution. Adjust the pH to 7.2 by adding

(SDS) a few drops of concentrated HCI. Adjust the volume to
1 liter with H,0. Dispense into aliquots.
20X SSC  [Dissolve 175.3 g of NaCl and 88.2 g of sodium citrate

in 800 ml of H,O. Adjust the pH to 7.0 with a few

drops of a 10 N solution of NaOH. Adjust the volume
to 1 liter with H,O. Dispense into aliquots. Sterilize

by autoclaving.
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1 M Tris

Dissolve 121.1 g of Tris base in 800 ml of H,O.
Adjust the pH to the desired value by adding

concentrated HCI.

pH HCl

7.4 70ml

7.6 60ml

8.0 42ml
Allow the solution to cool to room temperature before
making final adjustments to the pH. Adjust the volume

of the solution to 1 liter with H,O. Dispense into

aliquots and sterilize by autoclaving.

50X TAE

Dissolve 242 g of Tris base in 800 ml of H,0. Add

57.1 ml of glacial acetic acid and 100 ml of 0.5 M
EDTA. Adjust volume to 1 liter with H,O.

10X TBE

Dissolve 108 g of Tris base and 55 g of boric acid in
800 ml of H,0. Add 40 ml of 0.5 M EDTA. Adjust

volume to 1 liter with H,O.

10X DNA
loading dye

50% glycerol, 12.5 mM Tris-Cl pH 8.0, 60 mM
EDTA pH 8.0, 0.01% bromophenol blue, 0.01%

xylene cyanol FF.

20X SSC

175.3 g NaCl, 88.2 g Sodium Citrate.

Denhardt's
solution (100X
stock)

2g Ficoll (Type 400, Pharmacia), 2g BSA (Pentax
Fraction V, Sigma), 2g polyvinylpyrrolidone. Add

distilled water to make 100 ml.
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Phenol Z F§ZX |Phenol(F1)¢ » SREERR)LA163 *CARER » 1B LIT70 °C
B oK B » Bk Phenolffi & - MR B LTE
(W1) » B2 AR FERFEMW?2) » Kt PhenolfS g
[(W1-W2)/1.071] = jn A1/10 XESTRAVZKERK » 127
fFPhenolfg i  HHH > E7715-80 °Cok3s »

Phenol/ |68 °C/k¥S¥Afi#EPhenol » S}EEFE50 mIgh (& » BE1S
Chloroform |ml o Jj[jchloroform 14.4 ml s isoamyl alcohol 600 pl ©
hnp-mercaptoethanol (B-MSH) EXEE£50.2% o

Buffer  [fF&I/FHJPhenol D168 “C/KIBIEHE - LIFRETERIL M
saturated Tris-Cl, pH 8.0ZKH{—7R » B LISEREFERY0.1 M Tris-

phenol  [Cl, pH 8.03 B = %K » EEI A G ZpH>7.6 o H11B-
mercaptoethanol (3-MSH) & & 2 £50.2% » Wi {724
Ef4rbufferZd ZPhenol o

LB borth  |Per liter:
(Luria-Bertani |To 950 ml of deionized H,0, add:

medium)  |bacto-tryptone 10g
bacto-yeast extract S5 g
NaCl 10 g

Adjust the pH to 7.0 with 5 N NaOH. Adjust the
volume to 1 liter with deionized H,O.
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M & = &R 3 XM

CO, incubator

Nuaire

Laminar flow hood

Bellco Glass Inc.

DNA Thermal Cycler|Perkin-Elmer Cetus Inc., Ericomp.
Power Supply Pharmacia LKB Iﬁc.
Horizotal Gel BRL
Electrophoresis Tank

Vertical Gel BRL
Electrophoresis Tank

PosiBlot DNA Stratagene

Transfer System

Microscope Zeiss

Microfuge Eppendorf |
Microfuge with Hitachi

refrigerator
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MOLECULAR AND CYTOGENETIC DETECTION OF
THE FRAGILE X CHROMOSOME
IN FIBROBLAST CULTURE

Y1-CHuN WANG, AND SHUAN-YOw LI

The fragile X syndrome is one of the most common inherited forms of mental re-
tardation. Prenatal diagnosis of fetus with this syndrome is of essential counselling
importance clinically. Unfortunately, most attempts to use cytogenetic preparations
of fetal blood lymphocytes, amniotic cells or chorionic villi as a prenatal diagnostic
methodwere not impressively successful. The present study was thus aimed to develop
an unequivocal, reproducible and less invasive diagnosis technique which might be
later applied for prenatal diagnosis of the presence of fragile X chromosomes. We
demonstrated that the expression of fragile X chromosomes were inducible with treat-
ments of fluorodeoxyuridine (FudR) or methotrexate (MTX) to fibroblasts cultured in
different media containing different inducing agents expressed their fragile X chro-
mosomes with great differences. The observed great difference ininducibility of frag-
ile X chromosomes might well be one of the major reasons for failure in similar stud-
ies done by others. To validate our data from cytogenetic preparations, we also used
the genomic DNA probe S1B12.3 from the gene fragile X related mental retardation-
1 (FMR-1) to detect the methylation status of CpG island and the CGG repeats in-
creased in FMR-1 in fibroblasts from same patients. A perfect maich between data
from cytogenetic and molecular detections was observd. With great confidence, we
reported the developmentofa cytogenetic detection method and its potential applica-
tion for prenatal diagnosis of fragile X sydrome.

Key Words: Fragile X chromosome, fra(X), mitotic index, FMR-1,
CpG island, CGG repeat, prenatal diagnosis

INTRODUCTION

The fragile X syndrome, also known as the
Martin-Bell syndrome, is the most common in-
herited form of mental retardation, second only
toDownsyndrome. Since the fragile X syndrome
has familial inheritance whereas the majority of
Down syndrome are sporadic and not inherited
[1, 2, 3]. Thus the importance of fragile x syn-
drome is more significant than that of the Down
syndrome.

According to populationsurveys conducted
in Sweden and Fingland [4, 5], the prevalance of
affected males has been estimated as approxi-
mately 1 in 1250, while that of nonpenetrant
males has been estimated as 1 in 5000, leadingto
an overall prevalence of about I in 1000 among
males. Among female carrier, approximately
one-third havesome degree of mental impairment
or mental retardation [6]. The population preva-
lence of affected females is approximately 1 in
2000 [7]. Thus the overall prevalence of female
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carriers is estimated to be about 1 in 700. Based
on these estimations, itappears thatabout 1in 850
people carries the fra(X) chromosome [8]. There-
fore, the understanding and detection of fragile
Xsyndrome are of essential important for preven-
tion and tracing of this syndrome.

Moleculartechniques indiagnosing the frag-
ile X syndrome are cheaper and faster than cyto-
genetic techniques. Usually, they give more
accurate results, but some difficulties remain to
be overcome when used for prenatal diagnosis.
Firstly, large amount of cells are needed when
preparing genomic DNA for Southern hybridiza-
tion. Secondly, for some premutation individu-
als, the increased CGGrepeats of FMR-1 genecan
not be easily distinguished from normal FMR-1
gene. Therefore, a more efficient and reliable
method is still wanted. Our laboratory is now
developing polymerase chainreaction (PCR)for
prenatal diagnosis.

Cytogenetically notevery cell in metaphase
will show its fra(X)chromosomeeven if they are
from a patient with the syndrome. For example,
lymphocytes from fragile X patients rarely ex-
press fra(X)chromosomesover50%(1]. Factors
such as tissue origins, culture medium all have
been implicated to affect the frequency of fra(X)
expression. To induce fra(X) expression by cy-
togenetic method, the medium should be low in
folicacid[9, 10]. For fra(X) induction in lympho-
cytes, the depletion of folic acid from culture
medium or the addition of thymidylate synthetase
inhibitor (e. g., FudR) [11, 12, 13} or folic acid
antagonist methotrexate (MTX) [14, 15] will
reduce thymidine synthesis. On the other hand,
additionof alarge amountof thymidine will inter-
fere the balance between purine and pyrimidine
and thus induces fra(X) [16]. The efficacy in
inducing fra(X) expression of methods described
above, however, is greatly tarded off by their
reduction of overall mitotic index (MI) which
increase the difficulty of analysis. This might be
accounted for thereason why itis not widely used
in prenatal diagnosis. The earliest report on us-
ing amniotic fluid of prenatal diagnosis of fra(X)
was by Jenkins and coworkers in 1981. Later,
Webb and his colleagues reported that they had

performed the first time prenatal diagnosis of -
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fra(X)by using fetal blood lymphocytes. In 1982,
Shapiroetal.[17] successfully demonstrated the
prenatal diagnosis of fra(X) using amniotic cells.
However, only few reports on fra(X) prenatal di-
agnosis have been published since then [18, 19],
reflecting difficulties of fra(X) induction. Several
laboratories had demonstrated the prenatal diag-
nosis of fra(X) with uncertainties of false nega-
tive or false positive results. Thus, a simple and
reproducible fra(X) induction method is highly
desirable and long overdued. Previously our
laboratory has established the techniques for
fra(X) induction in lymphocytes [3], and we are
now in developing the process of developing
techniques for prenatal diagnosis of fra(X). An
ideal method for prenatal diganosis should work
withamniotic fluidcellsand chorionic villi cells.
Therefore, induction of fra(X) expression in fi-
broblast seems to be the first touch-stone in de-
veloping prenatal diagnosis. There are several
methods avialable for inducing fra(X) in fibrob-
last[14, 15, 20]. We established primary cultures
of dermal fibroblasts from five fragile X patients,
CT-077,CT-119,CT-337,CT-355, and CT-441
[3]. To developbasic techniques for prenatal di-
ganosis, the fibroblasts were first treated with
MTX and FudR, then the method which induced
the highest frequency of fra(X) expression was
chosen. Results obtained from our studies show
that FudR and M TX wouldinduce fra(X) expres-
sion equally well in fibroblast but the inducibil-
ity and expression of fragile X chomosomes dif-
fers greatly from one to each other based on dif-
ferenceinculture media usedandinducingagents
added.

T'o confirm our obtained from studies on
fra(X) induction, we also conducted parallel
molecular assay using the probe StB12.3[from
Mandel; 21], a genomic DNA sequence from
FMR-1[22], to examine these five samples. Our
dataare consistent with previous reports [23; 24].
As expected, all five samples have increased
CGGrepeats and hypermethylation in CpGisland
of FMR-1. We have developed an easy, less in-
vasive and reproducible cytogenetic method to
induce expression of fra(X) in fibroblasts for
potential use in prenatal diagnosis of the syn-
drome. Detailsof ourstudies are reported herein.

J Genet Mol Biol
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MATERIALS AND METHODS

Primary culture of fibroblasts Primary
culture of fibroblasts were initiated from skin bi-
opsy samples from five patients with the fragile
X syndrome (see Table | for the corresponding
percentage of fra(X) at Xq27.3 as shown by
lymphocyte karyotyping) according to standard
tissue culture procedures. In brief, a piece of skin
tissue, about 25-mm?, was excised aseptically
fromeach patient. Sampletissues were furthercut
into smaller pieces with scalpel blades. The
stromal portions were digested with collagenase

type 1A in x -MEM (2 mg/ml, Sigma) at 37°C,
with 5% CO, atmosphere and high relative
humidity for 1 hour. To ensure better yield of
single cell, suspensions, a second 1-hr incubation
in 2ml 0.05% Trypsin-0.53 mM EDTA in Hank's
balanced salt solution, was carried out under the
same condition. Following the incubation, the
tissuesslurieswere dispersed througha 19Gauge
needle. Single cell suspensions were then plated
out in Nunc T25 tissue culture flasks. Once pri-
mary cultures reached confluency, fibroblasts
were subcultured and maintained in six different
culture media, including Medium 199, MEM,

Table 1. Percent breakage at Xg27.3 in lymphocyte culture

Subject Sex Fra(X)/total cell Fra(X)%
CT077 Male 14/100 14
CT-119 Male 8/250 3.2
CT-337 Male 5/178 2.8
CT-355 Male 15/200 7.5
CT-441 Female 10/100 10

Table 2. Media and reagents used in Fra(X) induction

No. Medium Reagents(final 24 hours)

1 Medium 199 + 5% FCS 0.1 g MFudRor0.1 ¢ M MTX
2 Mem + 10%FCS 0.1 M FudRor 0.1 ¢ M MTX

3 RPMI-1640 + 10% FCS 0.1z M FudR or 0.1 u M MTX
4 MEM-FA" + 10% FCS 0.1 g MFudRor0.1 u M MTX
5 HAM's F-10 + 20% FCS 0.1 uMFudRor0.1 x MMTX
6 M medium® +4.5% FCS 0.1 uMFudRor0.1 p MMTX

a: Medium 199 contain folic acid 0.01 mg/ ml.

b: MEM-FA without folic acid.

c: M medium without hypoxanthine, folic acid, and thymidine.

Vol. 4, No. 2, 1993

17



Wang YC and Li SY

RPMI-1640, MEM-FA, Ham's F-10 and M
mediumeachsupplemented with variousconcen-
tration of fetal bovine serum (see Table 2 for
detail).

Induction of fra(X) in fibroblast To in-
duce breakage at Xq27.3, fibroblasts from each
patient were treated with either 107 M of FudR
or 107 M MTX 24 hours before harvest. About
4~5 hours before harvest, colcemid was added
to a final concentration of 0.05  g/ml. Fibrob-
lasts were then harvested, fixed, and processed
for Giemsa karyotyping as described elsewhere.
Approximately 50~100 G-banded chromo-
somes were examined and mitotic index of each
sample was obtained by counting 2000 cells.

FMR-1 detection To verify the cytogenetic
data on fragile X expression in fibroblasts grwon
in different culture media as described above,
molecular detection of correlation between cop-
ies of CGG repeats and degree of methylation in
CpG island was also conducted by Southern
blotting of corresponding DNAs molecules.
Briefly, DNAs were purified from cultured fi-
broblasts and 10 ug of DNA of each sample was
digested with Eco Rl and Eag 1. After fraction-
ated in a 0.8% agarose gel, the DNAs were trans-
ferred onto a nitrocellulose membrane. The blot
was hybridized with **P-labeled StB12.3
genomic DNA probe overnight in 6X SSC, 0.5%
SDS, and 5X Denhardt's solution. The blot was
washed to the final concentration of 0.2X SSC,
0.1% SDS at 65C.

RESULTS

Medium 199, MEM, and RPMI-1640 with
the addition of FudR or MTX have higher fra(X)
expression, but the fra(X) expressivity is low or
has no fra(X) induction in F-10 with addition of
FudR or MTX, however, the Ml is higher in F-10
group (Table 3). CT-355 and CT-441 have higher
fra(X) expression in medium 199, MEM, and
RPMI-1640 with addition of FudR and MTX.
CT-077 also has higher fra(X) expression in
medium 199, MEM and RPMI-1640 with addi-
tionof FudR butitdoes not with additionof MTX.
In M medium culture, CT-355 has higher fra(X)

18

expression either with addition of FudR or MTX,
butCT-077and CT-441 fra(X)expressionand MI
are both very low. CT-119 fra(X) expression has
no remarkable change in media with addition of
FudR, except F-10 medium, and with RPMI-1640
plus MTX, CT-119 has the highest fra(X) expres-
sion. CT-337 in medium 199, MEM with addi-
tion of FudR has higher fra(X) expression. In F-
10 with addition of FudR or MTX, all five pa-
tients' fibroblasts fra(X) induction is very low or
have no induction, however, the Ml is higher than
other groups.

23456
kb

Fig. 1. DNA analysis of FMR-1 in five fragile X
syndrome patients. Lanes 1-4 (male pa-
tients): CT-077, CT-119, CT-337, and
CT-335. Lanes 5-6 (female patient): CT-
441.DNAsampleoflanes 1 to 5 are come
from fibroblast and DNA of lane 6 is
originated from blood sample. The cor-
responding sizes of the signal are shown
on the right.

J Genet Mol Biol
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Table 3. Expression of fra(X)(q27.3) in fibroblasts from five affected individuals

Case | Culture Control FudR MTX
No. media’ ‘
Fra(X) Fra(X) MI” | Fra(X) Fra(x) MiI Fra(x) Fra(X) Mi
cells %o T cells % V3 cells %o %
077 1 0/100 0.00 1.4 13/15 2549 0.7 1/59 1,69 0.5

|3

0/100 0.00 3.9 4.56  7.14 0.4 2/59  3.39 0.8

3 {0100 000 45 | 9100 900 02 | 0/50 000 02
4 fo100 000 28 | 163 159 03 |0/63 000 03
s |o100 000 55 |o/00 000 37 | 150 000 08
6 |on00 000 36 | 5100 500 08 | 2100 200 08
19 1 |o100 000 36 | sm00 so0o 08 | 2100 200 o8
2 |o100 000 30 | 6100 600 07 | 57100 500 06
3 o/l00 000 5.0 | 5100 500 06 | 10/100 1000 08
4 o100 000 3.0 | 6100 600 04 | 3/100 300 05
5 |o00 000 50 | o0/100 000 40 | 4/100 400 3.0
6 |o00 000 40 | 800 800 05 | 2100 200 04
337 1 lon00 000 25 |en00 600 06 | 2100 200 05
2 |omoo 000 45 | 5100 500 06 | 3100 300 07
3 |0/100 000 50 | 2100 200 05 | 1/100 100 06
4 |o100 000 3.0 | 3/100 300 04 | 17100 1.00 0.5
5 lo00 000 56 | 17100 100 40 | 2100 200 30
6 |0/100 000 40 | 2100 200 06 | 1/100 100 05

355 i 0/100  0.00 1.7 31/100 31.00 0.5 13/100 13.00 09

2 0/100 0.00 3.2 28/100 28.00 Q0.6 12/100 12.00 0.8
3 0/100  0.60 3.2 25/61 4098 0.8 6/55 1090 0.2
4 0/100  0.00 2.6 19/100 19.00 0.6 6/71 845 03
5 0/100  0.00 5.9 1/100 1.0 45 0/100 000 20
6 0/100 0.00 2.5 16/100 16.00 0.5 16/100 16.00 04
441 1 0/100  0.00 4.7 11/46 2400 0.2 21/100 21.00 0.6
2 0/100  0.00 5.4 15/100 15.00 04 27/100 27.00 0.6
3 0/100  0.00 4.0 16/100 16.00 1.4 21/78  24.14 0.6
4 0/100  0.00 33 8/58 1379 0.6 6/50 1200 0.4
5 0/100  0.00 5.6 0/100 0.00 5.4 17100 1.00 4.0

6 0/100  1.00 4.0 5/38 1316 0.2 17100 1.00 0.2

*See Table 2.

**Mitotic index was based on the analysis of at least 2,000 cells/ culture.
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FMR-1 analyzed in these five patients' fi-
broblasts revealed that the CpG island is hyper-
methylated and the CGG repeats increased (Fig.
1). The result showed that the normal male and
female carry the normal signal at 2.8 Kb (which
represents the normal active allele; it can be de-
tected inboth male and female)and 5.2 Kb (which
repressents the normal inactive allele; it can be
detected only in female). The four fragile X syn-
drome males (lane 1 to lane 4) only showed one
band with various sizes, however, all of them are
larger than 5.2 Kb. Those bands represented the
hypermethylation(inactivated) genes withdiffer-
ent CGGtrinticleotide repeats. The female patient
showedtwobands. One 5.2 Kbwhichrepresented
the normal inactive allele and a 5.8 Kb band,
which represents the hypermethylated and in-
creased in CGG repeats in mutated allele. The
absence of 2.8 Kb signal in lane 5, which repre-
sents the normal active allele may be due to the
nature of female mosaicism. However, blood
DNA of the same patients (lane 6) represents the
2.8 Kb restriction fragment.

DISCUSSION

Our studies have demonstrated that both
FudR and MTX, under the conditions described
above, are capable of inducing expression of
fragile X chromosomes in fibroblasts from pa-
tients with the syndrome. However, it should be
noted that the efficacy of inducing fra(X) expres-
sion of FudR and MTX seems to be highly vari-
able among the six culturing media used. As
shown in Table 3, the expressivity of fra(X) dif-
fers greatly when fibroblasts from the same pa-
tients cultured in different media or when fibrob-
lasts from different patients cultured in the same
medium.

Routine cytogenetic procedures for induc-
ing fra(X)expressionin fibroblast,amnioticcells,
or chorionic villi cells has not been established
for the following technical reasons. (1) The cul-
ture condition for fra(X) expression usually slows
down cell groth with decreasing Ml and thus
fewer cells in metaphase are available for exam-
ing to start with. (2) Since the fra(X) expression

20

isusually very low, ittakesalarge numberofcells
for an accurate diagnosis. (3) Some non-specific
telomeric structural changes (TSC) might be
misdiagnosed as fra(X) leading to false-positive
results. Nevertheless, mistakes of this kind are
circumvented in the method developed by us,
since by G-banding of metaphase chromosomes
we can examine X chromosome clearly.

Itis generally true that media not containing
folic acid, hypoxanthine, and thymidine such as
M medium alone are not very effective in induc-
ing fra(X) expression in fibroblast. In contrarst,
for fra(X) expression in lymphocytes, only the
cells cultured in medium with very low content
of fc.ic acid or even without it, e. g. medium 199
and M medium, are inducible [9, 10]. This differ-
ence might be due to the intrinsic property of
fibroblasts and lymphocytes, or simply we have
not yet find the optimum culture conditions to
reconcile the differences. Ideal media for fragile
sites induction are principally deprived of folic
acid, having high pH and low in serum[10]. Thus,
from the view of biochemistry, it seems to be the
DNA synthesis in a restricted dTMP pool cause
fra(X) expression. The overall biochemical
mechanism of fra(X) induction is shown in Fig.
2.

In 1991, several laboratorieshad cloned both
the cDNA and genomic DNA of fragile X gene,
FMR-1 (21; 22; 26). We got the genomic DNA
probe StB12.3 kindly provided by Dr.Oberlé By
using Eco RI and Eag 1 double digestion of
genomic DNA, we demonstrated that all four
male subjects' FMR-] have increased CGG re-
peats number and hypermethylation in theFMR-
15" CpG island also. The female subject showed
a band in 5.2 Kb that corresponds to normal in-
active X and a higher smear-like band that repre-
sents the mutated FMR-1. However, the 2.8 Kb
band corresponding to normal active X was ab-
sent in fibroblast DNA. One reasonable explana-
tion to the fact is the cells were from a tiny region
in skin area and the cells in this region are all
mutated FMR-1 inactive X and normal FMR-]
in inactive X. Blood DNA has this 2.8 Kb frag-
ment that confirms our assumption beacuse the
lymphocytes are heterogeniety.

In this study we demonstrated that the cyto-

J Genet Mol Biol
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Fig. 2. The area of metabolism affected by inducers and inhibitors of fragile X expression.

geneticmethod todetectfragile X hasamajorbias
that depends on the cell type and culture condi-
tion. Wesuggest that fordiagnosing fra(X) should
takeatleasttwoinduction methodsto avoid false-
negative results. Molecular theeniques can get
accurately diagnose, but there are some difficul-
ties for prenatal diagnosis. First, Southern hy-
bridization needs large amount of cells for
genomic DNA preparation; second for some pre-
muation persons, the increased CGG repeats of
FMR-1 gene could not be easily distinguished
from normal FMR-1 gene. Therefore, a more ef-
ficientandreliable methods shouldbe developed.
Our laboratory is now developing polymerase
chain reaction (PCR) for prenatal diagnosis.

Molecular techniques in diagnosis of the
fragile X syndrome are indeed cheaper, faster,and
more accurate than cytogenetic techniques,
however, it can fail to detect the other cytogen-
etic abnormalities. Thus, diagnostic laboratories
should take these two methods at least. Once the
fragile X syndrome has been detected in a pro-
band, the family members should be diagnosed
by molecular methods rather than cytogeneti-
cally.
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Abstract

The fragile X syndrome is the most common cause of hereditary mental
retardation. The gene, fragile X mental retardation -1 (FMR-I), has been identified
to be associated within this syndrome. Amplification mutations in CGG repeats in
the 5' untranslated region (5' UTR) of the FMR-1 give rise to this phenotype. The
purpose of this study was aimed to test the phenomenon of Sherman paradox and to
check the relationship between the fra(X) expression and p(CGG)n expansion. In a
large fragile X family, twenty three individuals were cytogenetically examined for
fra(X) expression and molecular analysis of p(CGG)n amplification in FMR-1 were
also performed. Of these individuals, eleven are normal, three individuals have
only CGG amplification in FMR-1, and nine of them have both CGG amplification
and fra(X) positive. We demonstrated that the DNA increased in CGG repeat has
positive correlation with fra(X) expression, and anticipation phenomenon also seen

in this large family.

Key words

Fragile X syndrome, FMR-1, CpG island, CGG repeat, normal transmitting

male, anticipation



INTRODUCTION

The fragile X syndrome is the most common form of hereditary mental
retardation and the second most frequent cause of mental retardation after Down's
syndrome [1, 2, 3]. It is an unusual X-linked disorder, since 30% of females who
carry the mutated allele show some degree of mental retardation and 20% of males
who carry the fragile X chromosome are phenotypically normal [4, 5]. Further
study of genomic DNA spanning the fragile site has identified a gene, FMR-1, that
strongly associated within this syndrome. Sequence analysis of FMR-1 gene has also
been shown that there are unstable tandem repeats of CGG trinucleotide in the first
exon of FMR-1 in fragile X patients [6, 7, 8, 9, 10]. The number of p(CGG)n
repeats appears to be correlated with the extent of mutagenicity, ranging from 6 ~
54 in normal alleles to 52 ~ 200 in premutation alleles, while repeats greater than
200 copies were found in full mutation alleles.

The males with small p(CGG)n expansion (premutation) are phenotypically
normal (normal transmitting males; NTMs) and cytogenetically fra(X) negative.
The mutated allele of NTMs can pass through to their daughters who also are
nonpenetrant (female carriers) and cytogenetically fra(X) negative with no
significant p(CGG)n expansion. But grandsons of these NTMs are often affected,
the size of CGG repeat enlarged dramatically (full mutation), and cytogenetically
fra(X) positive. The situation in females with a large expansion is more complicated,
it may be fra(X) positive or negative and mentally impaired or normal [11].
However, the risk of mental impairment in fragile X pedigrees is likely upon
position of individuals in pedigrees. That is, the later generation in pedigree the
more severe mental impairment. This was first noticed and discerned by Sherman
and became known as the anticipation phenomenon [4, 5].

The exact mechanism(s) causing the fragility of the fra(X) chromosome and
functional roles of FMR-1 gene product in mental retardation remain to be

elucidated. However, it has been demonstrated that the lengthened p(CGG)n will



specifically induce methylation in a CpG island 5' adjacent to these repeats.
Methylation at this CpG island correlates with loss of expression of the FMR-I
mRNA [12, 13, 14]. It appears likely that the FMR-1 CGG amplification mutation
induces methylation of the region that down regulates FMR-] expression, resulting
in disease.

The expression of the fra(X) chromosome is rarely over 50%. Our recent
observation [15] and data from others [16, 17, 18, 19, 20, 21, 22, 23] have
demonstrated that the cytogenetic methods used to detect fragile X chromosomes
have a major bias that depends on the cell type and culture conditions. Another
obvious difficulty in the study of fragile X syndrome is that a complete pedigree
with adequately large numbers of individuals having similar genetic background is
relatively uncommon. In one of our recently studied cases, we took the rare
opportunity of an affected large family with all twenty three members of four
generations available for investigation to test the Sherman paradox and correlation
between CGG expansion and fra(X) chromosome expression.

Twenty three individuals in the same pedigree were examined cytogenetically
for fra(X) expression and p(CGG)n expansion in their FMR-1 genes were also
detected by probe StB12.3. Of the twenty three subjects, eleven are normal, three
have only CGG amplification in FMR-I, and nine of the rest have both CGG
amplification and fra(X) positive. From the data obtained in this large family, we
observed the anticipation phenomenon with incomplete penetrance. Using linear
regression analysis, we also observed a strong positive correlation ( P < 0.005)
between these two phenotypes, i.e. individuals having increased DNA length in

CGG repeats will have increased frequency of fra(X) expression.



MATERIALS AND METHODS
Examined subjects
The subjects in this study are from the same large family (Fig. 1). Twenty

three individuals we examined were 11-2, 114, 11-6, III-1, III-3, III-5, II1-7, HII-9,
II-11, II-13, 11-14, III-15, II-17, I-18, LI-19, IV-1, IV-2, IV-3, IV-5, IV-6,
IV-7, 1V-10, and IV-11.
Induction of fra(X) in peripheral blood cell

10 ml peripheral blood was withdrawn in a heparin-containing syringe. 5 ml
blood was cultured in M medium. About 4 ~5 hours before harvest, colcemid was
added to a final concentration of 0.05 pg/ml. Peripheral blood cells were then
harvested, fixed, and processed for Giemsa karyotyping as described elsewhere. At
least 100 G-banded metaphases were examined.
FMR-1 detection

DNAs were purified from 5 ml freshly withdrawn blood. 10 pg of DNA of
each sample was digested with Eco Rl and Eag 1. After being fractionated in a
0.8% agarose gel, the DNAs were transferred onto a nitrocellulose membrane. The
blots were then baked at 80 °C, 1 hour and hybridized with 32P-labeled Stb12.3
genomic DNA probe, a gift from Oberle [24] overnight in 6X SSC, 0.5% SDS,
and 5X Denhardt's solution. The blots were washed to the final concentration of
0.5X SSC, 0.1% SDS at 65 °C. The blots were autoradiographed between two

intensifying screens under -80 °C for about 3 ~5 days.



RESULTS

Twenty three persons of a large family were cytogenetically examined for
fra(X) expression and their DNAs were also analyzed for FMR-1 CGG expansion
mutation (Fig. 1). Of these individuals, eleven are normal, nine are affected, and
three are carriers. The proband, IV-10, is the fragile X patient leading to the
recognition of this family. Table 1 showed the percentage of fra(X) expression and
CGG repeats increased in kilobase of each individual. All molecular data were
calculated according to the semi-log plot of marker DNA fractionated on the same
gel. Therefore, even a very small increase in size can be noticed and estimated the
size of each band accurately (Fig. 2).

1I-2, 1I-4, and II-6 are cytogenetically fra(X) negative. They have one
premutation allele that passed through to their offspring and the p(CGG)n repeats in
their offspring increased dramatically, causing them been affected. One remarkable
exception is that subject III-5 has one allele with 1 Kb expansion (data not shown)
which is scored as full mutation in terms of molecular biology, and her blood cells
showed 10% fra(X) expression as well. However, only mild mental impairment is
observed as compared with other full mutation individuals.

In this pedigree, the extent of p(CGG)n repeats becomes greater and greater
through generations. One exception to this aspect was the subject IV-10 who has
less p(CGG)n repeats (A = 2 Kb) than the mutated allele from his mother (A = 3
Kb). From these data, we confirmed the anticipation phenomenon as referred by
Sherman. Regression analysis showed a significant linear relationship between CGG
repeats increased and percentage of fra(X) expression (P < 0.005) (Fig. 3).

Interestingly, the individual III-19 has a band with 0.2 Kb increasing and an
additional smear band in average size of 1.8 Kb (Fig. 2). This individual shows one
premutation allele in some cells and full mutation allele in others indicated that he

is a mosaic.



DISCUSSION

Taking advantages of the availability of a large family with members diagnosed
as having fragile X syndrome, we observed the so-called Sherman paradox in the
pattern of fra(X) expression and p(CGG)n expansion among generations. Namely,
there is an almost predictable tendency of increasing severity of mutated alleles
taking place from generation to generation. Furthermore, we found that the length
of tandem repeats of p(CGG)n seems to be positively correlated with the fra(X)
expression and the severity of mental impairment.

In the present study we found three female carriers, 11-2, 11-4, and II-6 who are
fra(X) negative but with small increase size in CGG repeats (termed "A"). We
would like to refer the individual III-5 as a full mutation rather than a carrier
(premutation). Since she has manifested most of the basic criteria for fragile X
syndrome: fra(X) expression and p(CGG)n amplification, albeit the subject shows
nearly normal mental status. This is a unique but understandable case, since only
about 80%, not 100% of females carrying the full mutation FMR-I allele have
shown mental retardation [4, 5].

The p(CGG)n repeats in mutated allele are lengthened through generation to
generation. The meiotic instability might be responsible for this consequence, but
the mechanism is still unknown. Another possible causing factor is the founder
chromosome effect [25, 26], but still other mechanisms such as unequal crossing
over might also play a role or two. One noticeable exception is that decreasing in
the size of p(CGG)n repeats was observed in IV-10. In the case of subject 111-19,
we considered him as a mosaic male. From DNA analysis, he has both premutation
and full mutation alleles in different cells suggesting that the p(CGG)n repeat
expansion occurred during oogenesis and subsequent unequal crossing over took
place in early embryonic stage, resulting in mosaicism. Moreover, mitotic

instability in this repeat was also occurred, resulting a smear band in blot with



mean size of 7 Kb (A = 1.8 Kb). The mechanism of mitotic instability may be due
to slippery DNA synthesis [27, 28].

I11-19 shows mild mental retardation as the most full mutation allele are
methylated. It had been demonstrated that methylation in FMR-1 will down regulate
its expression, resulting in disease [12, 13, 14]. However, in mosaic individuals,
the methylation status is responsible for variable phenotypic expression of the
fragile X syndrome [29]. In females, who carry the mutated allele, will exhibit
selectively differential methylation just like we observed in II-6 (Fig. 2). The
normal alleles are mostly located on active X chromosome and mutated alleles are
mostly located on inactive X chromosome (compare signal intensity of 2.8 and 5.2
Kb from normal alleles). Similar result also occurred in III-5 while she is an
affected individual as examined by cytogenetic and molecular methods, but the
clinical expression of fragile X is barely detectable. The selective methylation may
be happened by chance via X chromosome inactivation in females and thus, X
chromosome inactivation may play an important role in fragile X syndrome
phenotype expression in full mutation females.

Anticipation was seen in this large family with one individual of incomplete
penetrance (III-5). Therefore, from the view point of anticipation, it is important
for a fra(X) female carrier that she should take prenatal diagnosis for this syndrome
if she has pregnancy. The methods currently used for fragile X detection still
remain several clinical difficulties for prenatal diagnosis. However, our lehoratory
recently use RT-PCR combined with sex determination by PCR amplification of
SRY gene, successfully performed a prenatal diagnosis (Wang and Li, unpublished
data) in which the mother is fragile X carrier (premutation, confirmed by probe
StB12.3).

Yu et. al. [30] had demonstrated that there was strong positive correlation
between the length of p(CGG)n repeats and fra(X) expression. Our data confirmed

their finding, However, they did not explain why the fra(X) expression is rarely



over 50% and the fragility of fra(X) chromosome. Hansen et. al. [31] reported that
hypermethylation in mutated FMR-1 will delay the replication of a segment of DNA
over 180 Kb spanning these repeats. It is possible that the delayed DNA replication
in fra(X) chromosome, in turn, affects chromosome condensation during mitosis
and subsequently results fra(X) as we seen in metaphase preparations. Another
possible mechanism is that GC dinucleotide alternative sequence has the property
prone to Z-DNA conformation [32]. Similarly, p(CGG)n is 100% GC rich DNA
stretch that may induce left-handed DNA conformation. However, whether Z-DNA
how to influences chromosome condensation, and if so, by what mechanism Z-

DNA exerts its influence should be further proved.
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Figure Legends

Figure 1. Pedigree of the large family in this study. Open boxes and circles indicate
normal individuals, and doted symbols indicate these individuals are
carriers (premutation). Solid symbols indicate affected individuals, with
exception that I1I-19 is referred as a mosaic male (for detail see text).

Figure 2. DNA analysis of FMR-I. Partial individuals of this large family are
shown. The individuals in lane 1 to 9 (from left to right) are: III-7, III-9,

CII-11, IV-5, 1I-3, 1V-2, 1V-3, 1I-6, and III-19. The corresponding sizes

of the signal are shown on the right. The 2.8 Kb indicates normal active
allele and the 5.2 Kb indicates normal inactive alleles. It should be noticed
that premutation allele of I1I-19 is unmethylated (lanes 9).

Figure 3. Correlation between p(CGG)n length increased and the percentage of
cells that express the fragile X chromosome in peripheral blood. For the

mosaic individuals (III-19), two bands were both scored.



1 814




123456 7829
Kb

Fig. 2



3.5

2.5

1.5

Increased DNA size in K
(397

Fig. 3

Y=0.41+0.09X, P<0.005; r=0.74, P<0.005

] } i 1 1 H 1 i

0 5 10 15 20 25 30 35 40

Percentage of fra(X) expression



Table 1. Percentage of fra(X) expression and DNA increased in kilobase of each

individual.

Position of individuals in |Increased DNA size in Kb| Percentage of fra(X)
pedigree expression
I1-2 0.2 0
I1-4 0.3 0
I1-6 0.4 0
1I-1 0 0
II-3 0 0
II-5 1 10
1-7 2.5 26
I-9 0 0
II-11 0 0
1I-13 3 4
1I-14 3 32
I-15 3 16
HI-17 0 0
I1I-18 0 0
I11-19 0.2/1.8* 14
IV-1 0 0
V-2 0 0
IV-3 0 0
IV-5 0 0
V-6 2.2 25
V-7 3.1 16
IV-10 2 36
IV-11 0 0

* indicates this subject is a mosaic male.
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