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Cytogenetic Analysis of Children with Mental Retardation*
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DSM-III-R(1987) 9] AAAA] JAd7iEe A,
folstA ge AFoltt ol EESE AFHA
Yol &) HExe 2 FFEUA vtz YAz
7001 8te] AFAFE TEn, Joiql Afele ¥
A AFHARE AeA 5o Heshrt a3

2 JdAH dddd g3n. 4, olg fEo 3
$WEY Foe 2 Ex Fojolth AEYFLS
Mol e} e §HF 2 dFe F34d AAH
G4 A2 A AYHe Ve At T E
Tty Aoz HESE FAES 433 A
o3 Fri=m, AAr2 FAHYE Tt AA,
184] o] 2] Aot o] AH AL o ¢
F7AAE LLIR 1Y) dFojrh

AN A2 Ao UM A A fAHe] o
25% BELA acld o opr|Hm, ol F
A AME DownEFT, fragile X SFTH HAHAE
nFd 22 X FT ARt FAAAE
vetdie 7t E& Fooln. WA & 75% =
AAAAFAA L] T IR W o A
oz AZrgolgton §43 aQl, ¥4 JEHA
29, 7] ok AETY AA gde=
olEo] ©% I WEsiy FUAA LA #
*E EES 199d Aguidgn gEdTy § B8
2R ZAIATHIZ o|FoRE
»Agodtn oI AAAgad
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o gt} (Kaplan® Sadock 1991). AXE AR A <
Me FEE AEEH 49¢ ¢ + e 297t
won, 7t&3 Aol Eruy FA A A5
Z5n 234 $44 Qo] B vt 5
WA %o FAAAE 60~80%7F HE A
o] EH FE 7AL F4F L AR LEF
+£42 T (Popper 1988). FHholl Al HE S
st FEedn FFAHQA AT g8 2§
RAAANA FAES 2/3904 420l FEHAR
A A H(Kaplan®}t Sadock 1994).

AR AN BAse FHH KJAEEE ¢¥
FAA o], A dlAP e, GAA o], thl A
FHEE F & don oFoAM d¥A e
F&H ANAA BRES] 10% A FUF 2 Ut
(Popper 1988). Aol F oz QA3 HAUAA F
ol A fragile X TF T2 71 £ /M52 FH 59
ghtold, DownFT ¥ g o2 AHAX A 73
E8 Aot Fryns 1990). 1969'd Lubs7} A
A A FEAFAA fragile X GAA ] EAE
Lo 2 Ridgon, 19773 Sutherlande XY
DA G YR QA Xq27.3 F-H ol fragile site7}
ASe FAstGth ol F XA THEHS K
Asle AAAA BzEQ] AFFolA fragile X
Aot JHEHT 1 ES EFFHA JAA A&
7R E BaEo] Bkth(Herbst 1980 5
Peebles®} Stoddard 1979 3 Fishburns 1983). ©]
g}go] 712 B ATFEES Tt HAAAL
fragile X S5Te] WA @Al gF5=
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A EH 2 o4
o (Van Roy% 1990), fragile X site

X FFE A%, 41 WA R HAg 9l

Aol AgAon B#AS

B8 fragile

AEFATEE T2 AHE-H o] SITh(Hirses 1991).
2R gl vl Feh FaRr A gt
AEFASH ANE s o ZEEE £/ 4
@El3 fragile X FFT9 O}OI% w8 4 QA
RAR QAT R} AL = Aol fragle X
F¥ad dg Fag diyoint, TF fragile X
5% Aol el WEY Fol fragle X
site’t A4S OE 2% 9o (Rinland 1987)

o] o]

A ARA NES A2 5 Ads ol
fragile X S¥F79 278 F8E Aol

olol AAHEL AR A BANA dUA BAE
A QAA I FFE TSR, UK A %

fragile X SF73he] #YA, a8
B Folg ol o] A S
A B ATE AlBEsh

417 3] 5}
el w

al

O 1
ESS
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Al

Kbt
<

+CH e
1. o 2CHAt
At FaE Y Hlded WA okF
ZFoll A AAAA R} 307 (4 17, A<} 139)
2 oidew v Al HA A ol FEY
HE AL 941+ 46,1709 (24~22871 W) o] Qi F
LolgiTk ol F TR XAHAA,
e XA GEggo A o]4dol W
A9 Ae 7geldnt. AAAAY AxE A=
(mild) 2698 (86.7%), =% % (moderate) 1%(3.3
%), DX (severe) 33 (10% )0 QvH(Table 1).

E
s

1) e E
AR A 2] Age 1987 vlF FA )T 5o
A} AR DSM-III-RE] e 715 (APA) &) A 3}

W oo

i

o A% Aol ofs AwAYD, olate] ¢
A ket AR T RY RATe

A AARES Tt A&t d gl 4lel
AAME 9E s =T WISC(Wechsler  Intelli-
gence Scale for Children), 22t — 8]} A}, PTI(Pic-

Table 1. Characteristics of mentally retarded pa-
tients

Mentai retardation

No. of patents 30
Male/Female 17/13
M/¥ ratio 1.3/1

Mcan aget SD(months) 94.1% 46.1
Rangce 24—228

Other psychiatric probiems 4

*Neurojogic problems 7

* Confirmed by EEG, skull X-ray or brain CT

turial Test of Intelligence), DAP(Draw A Person)
HAF ol A A 28] dezdAH(Schoplerst
Reichler 1979), A| A Zt7 A Berry Test of Visual
Motor Integration), 1&g AL, AL S EHAL,
Frobel FolureA & (Belsky?t Most 1991) HAF
& AAlste AAAA ] g H7tP.

2) UMA| HAt
() A4 &AL
70% ARLL Hal

,/l\ E_ Q—l‘

32wl
2ogE

gxyoez AP BAYE
7)ol heparing& A 2]3F 3ml 13§
FAF /)i oY 2~3mlE HFH A o]F 1ImE
RPMI 1640(GibcoA]) 7.5mlo)] fetal bovine serum
S E3eh ul g gmle)) #3831, o 7)o 3}
%39 10mlE 718 lyophilized phytohemagglutinin
(GibcoA]. M-form ; ©18t pHAZ &) 0.1mle H
7heE O, vl AR 97 LA HA BEE
FojgtHAl o] WA} HolnE By &
EFolE Fo 37T, 5% COp Wik7iolA 70A7E
jofdl gl ol F Colcemidg A (GibcoA]) 0.07ml
(HEFFXL 0.07M)E 78t oA 908 wigst

1.5ml<

} - HFY S 15ml AR Bl & 200502
= A EE 9. 18lX suction pumpE

IQBM 4EF4E AAE b KCl 5.6g8 335
soff wad 11182 TME 37C XA (0.56%, L
0.075M KCD& #7}8ta, 37C 29 10~1583
& % thr] 200ge 2 883 QAR A5
3 ohg, el gladal acetc acdE A
Mol 3118 EZ¥S AN 6mlE Hristd
8kl 2~5Ce] 20~3087F Tt o]F A4
2] (200g, 8¥)% ¥ AV AL 2~338] W

A
¥

=

._.oﬁdti

al

-
13
AL

1126 —



Table 2. Chromosomal abnormalities in mentally retarded patients

No Sex Age Severity of mental Chromosomal
(months) retardatin abnormalities
1 M 25 Mild Gap(Bq)
2 M 60 Mild Gap(Cq)
8 M 69 Mild Fra(9)(q12)
4 M 84 Moderate Gap(3)
5 M 136 Mild Fra(3), Gap(3), Gap(Bq)
6 M 168 Mild Fra(7)(q33)
7 F 84 Mild Gap(Dq), Gap(Eq)
8 F 84 Mild Fra(X){q13)
9 F 125 Mild Gap(8)
10 F 144 Mild Fax(X)(q25)

B3t AE9 ol whet nAd] FE Y
AXFY F=7t $/4R fFEEe Ax7) HeE
WEAIZAY. AZEGY 3~44 &S §5 40%°]
el 4L BollA 2~5T PN HF slide
glassiol g =dF F7] ARAHY. A
slides 60T FFEJAZI &7 g ofA7A
FATH G P 65T 2xSCC £ 9] slideE 10~20
¥ A F Soerensen &5 Y (pH 6.8) 22 A
A3 F7IAZAAG. 223 Wright G4 (Y
£ MutoA) 3} &FHg 1:3~59 HE2Z A3
Ao EHF FALE slide ol P& T} 383
Y% F A, ARG ol F AFUYd 19T
i 2009 GEY VAL E 1,0008] &) @)
Aoz AAsA, dAA ] & E T ool
A E AL At

(2) G4 9] fragile site A}

GAH FE&HA G FUF PR 70X vy
4§ ¥, lyophilized methotraxate(SigmaAl] ; ]38k
MTXZ ) 10mge 3x3F4 10mle) 3¢ MTX
£ 0.1mlg 7}HEFE v F g7 We A o
24A12F o Wi g AT A FLAHALS LG
o g A AR slidels Giemsasd 4 A (GibeoA]) &
2 A3t 1000009 HrjBoR AAR}AN,
fragile site5 ] o]ide] WHEA 11 X E 7| F3t1L
ez 2 €48t A7 YR GR I A
a8 dFgd 18T H4 30719 GEYE £
MEE AAQ3I AL A A Q . Fragile X 59
4% o) ol A B FAF o2 VA A 7[Er]
fragile sitex= 6% ©] < B¢ ¥z ARG

Table 3. Numbers of cell with fragile sites and gaps
in mentally retarded patients

Total cell Fragile

C Gap(%
ases examined site( %) ap(%)
30 900 20(8.2%)  35(3.9%)
(JacobsE 1980).
A ~

1. AN &

GEPol 93 44 A FA N ME BF 46XX
T2 46XYEAX B YF & HAT). Fragile site
AT F(X)(q13), FX)(q25)7F &2 3 W4
HAE A, F(X)(q27.3)2 & HlA @83
%)ut sl B A7 BR7EQ 4% 0]l
ngdog 2% Aoz BAHHUC). Fragile X
o]2]9] Mol FE B o= 308F 107 (83.3
%)M AR, T FFE fragile site7} 473,
gap®] 5%, fragile site9} gapo] F Aol 2 E F 87t
1golinh. A T £/ A% o] A
T AT olio] 2, BETY o|4o] 11,
CE] ol o] 5o, AT T BEAA FAd
olFe]l HAE A7t 1%, DI H EZA FAl4
olde] LAE %7t 1o RArh(Table 2).

2. Fragile site2t GapO| WZHEl MES2| H|W
Fragile site7} LAY A X2 & 900742] ZHA
AMEF 200 (3.2%) oA LHAHATL. E gapo] &
A" AE & 900719 AAF N EZE 3571(3.9%)
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ol A &A=} (Table 3).

ek

!

€ AT A fragile X FAH A o} Xq27.
8012} F-9)oll XAGA Y} FE YA fragile sitett
gap®] EHEH AT} Fragile X 0199 Gl A o] &
Rl 10% % fragile site”} 4%, gapo] 5%, fragile
site$h gapo] FAl #AE ALsk 19¥e)drt X
QAANMY fragile site(fra(X)(27.3)) o] ol
A A A 17709 rare heritable fragile sites7}
222 ¢l (suthedand 5 1985), FAX A F=}e]
1.1% o] 4] rare autosomal fragile sites7} 974 %] 91T}
(Sutherland 1982). Fryns(1984)2] AF A& fra
(X) GHAE 71 1547 &) FAF 10% ol A fragile
site7} distal 6q°ll, 4 oA 3p13ol, 192 10q23°]
WUElst 3L, Kahkonen's(1986)-& A /4ol 8t A5&
7+ 24078 9] o} FF 29 (0.8% ) A 2q11.200 fra-
gile site7} YEFSETE

Fragile X SF¢& AAAA, Adag, ax
Fred A, da $& 4, @de A4 (hy-
perextensibility), Xq27.3 QYA E 7} Gake] 1
23t fragile site® 54 22 $rh(Chudleyst Hager-
man 1987 ;5 Hagerman 1987 ; Buter 1988). ©]
FTETY TALL FA 10008F 19, Q% 500
B 1] BAEE Boln o] & ARF & 30% 7}
AAAAE 7HAn 3 G oh(Webb% 1986 5 Ha-
german 1987). AR A BApo) A o] ZFEF S San-
filippo(1986) 2 ATo)A) 3.6%, Tanguay®} Rus-
sell(1991) 1A 5%, Buter5(1991D)lM 3% ~6%
A LA} Fragile X oA FAAA
Aol X 0.5%~10%, AR M= 0% ~7% <] WIE 2
YEFE T (Mingroni-Nettos 1990). 2 321 2} o)
ME fragile X 5T 71X #37F PN
WA A gt AR A G50 A fragile X7}
Hehd e 22 d77h le v (Blomquistd 19
82 ; Bundeyg 1985; Veenema% 1988 ; Buter%
1991), 71&9 T& dAFME ZAXA AAE
A A fragile X7F VR A) @ 3keH(Turner§ 1980 5
Kinnel# Banu 1983 ; Blomquist® 1983 ; Derey-
maekerg 1988).

olMH o8 tE dTEFAEC] YEdtE o

Fe A, ATNY £ AGEY £ YA}
Fisch$-(1988) & 71&9) ATE& v YEF 2
7 g 75l | Augu gl
Al A fragile X FFT-0] DAL stsdol &
Oxn sk 2 AT7eME did$rt s0dez
A A 471 Aol fragile X7} HAE 754 0]
H4UE & AN EA4, FAXA ] 4% Fx9
Aol Ed 4 ATh Opitz®} Sutherland(1984)
T TEES 1x FAUAA ERrEA fragile X
FAo]l wHd stedol o Yo oA A
AqA B o G WYT 75EF FFES A
AAAA T 33.8%7F € Mingroni-Newos (19
90)9] ATAME fragile X7} 6B (8%)NAN, 55
Lo A% BAAAT G gRE AALN e
747 A 83§ Kahkonen$(1986) 2] <o
Me AARA 130%HF 18(08%)AM RHHE
2 Zolg Bo Fch B AT fragile X7}
TR A G2 olfF IR A7t 86.7% 7}
Awe] FAAA dx ns B SFE QAT
v Ao FNAA AN B A FAAA
A} B4R} 238 fragile X HH &0 Erhe
B3% 132 (Gustavson$ 1981), AAFClo AL b
2 N9 fragile X YA 7F 0] Rusx ok
(Popovichd 1982 ; Gardiners 1984 ; Jenkins%
1986 ; Nielsens 1981 ; Rhoads% 1982 ; Froster-
Iskenius 1984). A&, AT MR 7129 o)

9 & AUk vd"gFRTG JAFNA fragile
X F37o] Bol YJeEhdth Fragile X 23T &
23 AAH SA4F S Adndg MR ¢
AHgs AdYd A7 E(Howard-Peebles$}t  Finley
1983 1 Primrose 1986)°] Al 2tzt 27% ol A] fra-
glle X A& B 52 X9 fragile X TF30]
ER Y Fryns(1986)+ 4 i (obligate) o4 B
Aol MERALGR zAtlM RREHoz JAH
GEg /A ZE BAAE Uolud AM AR Fxd
HA Lol fragile X screening© 8 %A o] LhEFGTh L
ST = AAAA 2 HEYe] Qe WS A
gk A (Fryns®} Van den Berghe 1983; Ari-
namis 1986) oA 22 26.7% £} 20.7% ol A] fragile
X e HY 22 Y59 fragile X X F0
U} Veenema$(1988)8) Aol ads fragile
X g Hixrt 7154 e] e gardME 217
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%, 7t&4o] gie SATFINNE 92% 2 ¥
Aol & VERAATE B Aol e AA A ot
BAAA Y 71EFHo] gl T A Fgo
o2 FF olE& AYITA fragile X FETY
wMest B4 UEhg £5 & ol WA, HA
M XS0 Zto] EY 4 YT Paytons 1989). Fra-
gile X AA3E GAx T2 o]FE /I &
AT g RE A XM RAgAE o,
HAol 2ANME ZAL AEL 50%0]FelA &
#5771 o8 (Tumners} Jacobs 1983). “LEjA
Tommerups-(1988)-2 HAF Al X427} 50~ 1007H=
s ojo} fragile X7t RAHA ¥ 7tedE 1~5
%2 29 F Atz Aot GAA, fragile X TF
79 ¥4 BA71ED AAAES7E dFuit 3}
o7 Ut Ax 99l @ & AUtk & ddlMe
MAZF 3070 AMAE HASIA 2 4% o3
73g-ol g A o2 Bt e v Szymanski®h Croc-
ker(1989)& Aojx 100709 MEE @AMt H
AE 3% fragile site’} LEI}of EZo] E &
et 3, JacobsH(1986)2 5%, Veenemad
(1988)& 4% & fragile X9] AW 7|2 & AU+
AAH, 23 wFde] FF fragile site FEF
Aol we} A#e] Aozt g A HFAT
Medium 1998 AH&-& of fragile site ¥ &2 W=7}
=4 Jeldorn 8w}, Sutherland(1977)7F 1976
A &g T AolA] 508 ] Aol A RPMI 1640,
Ham’s F10, Eagle’s(basal) 52} ] o & AM&-A] Xg
27 B2 2894 fragile site7} VERIA ket
medium 1998 AM&-3te] Z+zd a3 5N U
Bt Fragile X 2984 E MTXZ} 58 Roe g
29519t} (Sutherland  1979a). Nielsens(1983)&
BAzE gder 27 & wdd F, £
vl TC 1997t AR&3E 3%, TC 1997 FUJRE
o] ALg§ 7%, MTXS BrdUE Zo] AHg¢
ZALE2 UrAde o vl dielA fragile X &
Agol 7k =4k Mg F7ol ©E fragile site
ZHh(breakage) H1E 2] atold] tig olfe & &
BA YA FA T ol pHY AHFGI 22 8216
o ¥ 5oy P4A thE Wi FY R} Medium
1998] oA ol Medium 199% &3}
Solg A A GEY 4 Uk FA
(Sutherland 1977). Fryns(1984)% fragile site F%

FA % BrdUSt Trimethoprim€ medium 199 ¥
%Al H7Fete] fragile X site o] FIEE B
oo dFH, AT Yol fragile X
Nz vl @47 gldk(Sutherland 1979b 5 Ja-
cobs 1980). o] AlZbo] Agel| whe} fragile X7t
248 7HsA € AAE = G A"A, HA
719 ol HEY % U3} Soudek(1986)2
#39] fragile X A AL 1379 AEFAT
Az Bl A fagile X TE Y%7} 0~30
%2 OFsA JEtkttn 23 el
oAl 7&d Avtd AT Wg o|wE
AENE W FF HERHGH HAR fragile X
3¢ O AE3A Awstr] HMs AR,
AA NESFE 50~1002 Aea, 5, =Y
oA W HAIR XA T AHAE 8
medium 199& THI oJ8rtA wjFdE #z
AMgEte) 1 AnE vlas] B3, AR, fragile X
5379 993 EFFR AEEHe {74 w
Adadoz digdds AR, dA, ddsE
75~100% A =2 &t HALE e Ao FAS
AEFASE BA) fragile X FFT9 I¢E
Azt A3 {83 FEARE o] FFTE M
Fate] RE MES} fragile siteE VERNA] o,
o] 22X T8 AR gv B A F A (ransmitting
males) = BPFAA] o] o] glz, A H=e
Bz g AXFHEH R FFer vy
Ay o] BAR) fragile X Bl E 712 AN S
¢ (idendfication) 8= A7} o] g }(Tarle-
ton} Saul 1993). o] &i%t o] F- 2 FH I 103 5 fra-
gile siteo]) T g FAAYE- b2 A9 FAHF LA
glo] FMR-1(fragile X mental retardation-1) 2=}
7} B2 51, FMR-1 #F3AY] coding A HellA]
3ol (CGGIn repeayt EQWOlE Yoz
fragile X FF o] AT At (Verkerks 19
91). 2 HHHYU DNA IE HALR fragile
X ZF ol d4se AFE screeningdtil o] F
FEE AR ¥e BAAE #ldtal FAHA
Fe FAXNAE H7HE 5 Ak Lt fragile Xoll
R A AES HslAlE DNA HAF G5 ARG
Aeratths ARV HAHFzA] A ERAEH 3
Ale} DNA AALE B3ste 3o 40 & 4
DNA fragile X 238 7} AAAAZAE &
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AERAGH APEY 2 FAS o} Aok S, T
7A= el Btel fragile X FHAA7 EAge] &
BEE DNA HAF 7b% & HAlelmg ¢ of
o) AE R HAE B W& ZlolcH(Tarle-
ton¥} Saul 199%).

Fragile X SF ol tid g oz ¢ike]
Fol7l oA o] FHEEIL ot ofHra] g
29 Azl floenr Z7| AHAGH oY
ololE ¥g & U BAA AriE Fol e
A B2 A ool E Zojn, X A o dud
BAAAY a7l Mol YL fragile X T
FEE gAY g NAH 5EAo) e B
A BE AATFY] Hel, FAHYe] A&
HEA] fragile X FAHBALE A @8k (Szyman-
ski?} Crocker 1989) Ao} & H23hehv] 4
Z7P0]) ZRIYF ] Ax7t olFojxok & A
oz st

- =

2 N A 2] &} fragile X FF7-9] BT HARA
B A Bolgk @M ol FFE A A
A Arrt AE(mild) 268(86.7%), FF5E
(moderate) 1H(3.3%), 5% (severe) 35 (10%)
oz & 82 303(a 179, o2k 13%9)& A
o3 3o, PHA A= Tx2Y 9379 GER
A AL FANAAE DA sk Ao} &

D GEQ 43 48 A HArl M e 46XX
5L 16XYRA B4 HPE HAoH, fragile site
A A7) A F(X)(q27.3)2 FE 9 & AE(3.3
%)M BAHAoY FAVIE e 1F3Y ZE
Sapoll A FAHL 2 EsT.

2) Fragile X o122 2847} 107 (33.8% )N A
AR AT, 2 YA fragile site?} 43, gap©] 57,
fragile site®] gapol Al HAE ZL7t 150l
t}. Fragile site®} gapo] A, B, C, D, ExtollA] ©h
¥ BEFH ol dndE ¥4 e 8l
Atk

3) Fragile site7} §FE M X ¥ 2972
A5 RE FAE 32% 7 HAHU oW, Gap

o] AR AR F= 35712 RE FIAXYY
3.9% 7 AU

ojyel Aol Buf, B AT fragile (X)(q
27.3)7F & dodz #FHA ot FEE
ATA G4 AuE Bo Feg gy, g
AA 71E, ktEEe Basty ¥F dFE
3 Aol FA
SACH0] 1 X H-) - Fragile X §44 - 34A
.
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Cytogenetic Analysis of Children with Mental Retardation

Jung Bum Kim, M.D., Chul-Ho Jung, M.D.
Department of Psychiatry, School of Medicine, Keimyung University, Taegu

Objects - The cytogenetic study was designed to investigate the association between mental
retardation and chromosomal disorders including fragile X.

Methods : Subjects were consists of 30 children(17 males, 13 females) and their age varied
24 to 228 months. The severities of mental retardation were mild in 26 patients, moderate
in 1 patient and severe in 3 patients. The peripheral blood was cultured in medium 199 with
methotrexate and without methotrexate for 70 hours.

Thirty metaphase cells, in each were karyotype in all samples.

Results : Chromosomal abnormalities were found in 10 patients, but fragile X was negative
in according to Jacob’s positive criteria(=24%) in all patients, although 1 fragile X(33%)
was found in 1 patient. Chromosomal abnormalities were present on group A, B, C, D, E
and X. There was no regional specificity of chromosomal abnormalities. Types of chromosomal
disorders were only fragile and/or gap but no numerical abnormality was present in all cases(46
XX or 46XY). Number of cells which revealed fragile sites were 29 cells(3.2%) out of 900
cells. Number of cells which revealed gaps were 35 cells(3.9%) out of 900 celis.

Conclusions - These results suggest that fragile X syndrome was not found in mentally retarded
patients. If further studies are performed in larger sample size, selected objects and special
blood culture methods, the results may change.

KEY WORDS : Cytogenetics * Fragile X chromosome * Mental retardation.
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