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Fanconi anemia (FA) iuermafiaun@inmoiug
7N ﬁLﬂummqﬁwﬁmaahmﬁwammﬁ@mazvlm
navgn3sevisnmnafiameman (inherited bone
marrow failure syndrome) Iﬁ?@ FA §mamevian
WLU autosomal recessive Wariali@nmriaund 1
auludnudinfinaon 100,000 au Fihelsadld
ImINIGﬁNﬁ\laiLﬂﬁ &3 (chromosome instability) NN
nnAenuAaUNG lunalnnadasuas DNA' FA

& | o A v A
L‘U%@’NNUﬂWiENWNWWQﬂ‘S‘SNWWUVL@UE]EJ‘VlEj@GL%
ﬂ@:N aplastic anemia Qﬂﬁ%WUI@EJQNﬁLLW%EJgSm’J
Swiss %@ Dr. Guido Fanconi’ GL‘L@ 1927 ANMIAY
uazanmavenATinfianey Tusilae #e pancytope-
nia, bone marrow hypoplasia, congenital mal-
formation, skin hyperpigmentation Anennms
FYENTDIFET melanin NWIUEN (cafe’-au-lait
Aa Aa ° A 1 g
spot) mmm@‘ﬂﬂmaﬂm@mz@mﬂmgﬂmm&J
wasnUANNARUNFTaLAS  Ineensin
wuallils uarlassnszgnaoudu uonanii Sy
A adA Vs s
emAeLnGave) dvianaaens 1w svuszanm, I
wazsruLdume, oTueRuiug, madiuons, sax
o v [~ %
Sviouazrinla udu
maasanumslafieinelulsn FA fivsdsla
ﬂi::@ﬂvl,;iﬁmu @A My thrombocytopenia,
macrocytosis WaEMINIEAU HbF ANIUNIUNG
UONNNANBULAATY 2 U583 Ao ANNANITUG
i LLazvlfﬂmz@ﬁé’aJmmqﬂam Q’ﬂaﬂi@ FA &3
fradnfenuhsamnandfflemausidy DNA
cross-linking agent GipS) Mitomycin ¢, cisplatin
LAy DEBLZ'E'Z&ZQ

FA ustwulsiosusifienwdny mediae
FA sinfiensudessianmionsssldnanhanwily
3989 cancer susceptibility syndrome Usamh
% ¥ I : A ;:l I a
Savas 52 vasenldmant Aanudasdomaiie
Acute Myeloid Leukemia (AML) Liag Myelodys-

plastic Syndrome (MDS) LLazmméaJaﬁ ﬁq\mdw
awnldssnnidanas 1015° fthuamaziins
siiulanligusSenchodue Aldusutonnh wu
squamous cell carcinoma LLﬁ%N%L%@‘SSUUﬁUWHﬁ
a3 iTnudiu? u@@awmx‘ﬁﬁ heterozygous muta-
tion #0efiu FA axfeanaidsslunmsfinasasnn
Taeathsls Selsvmuathsdaan
Twmeediingile FA silashar 75! genotype
WANFNINUAEAANYIALINY phenotype Fueniuls]
doeld AnwoanmsivenvaITed FA 818090
ssneldnnmstsindifemsshmeamanouy do
athatind! 8 u Anunfendastunsifin FAS
Kihe FA Asnahsngnutiseandii 8 ngs (comple-
mentation groups) nueNAnLNFIa BTN
#ungihe nqs FA-A, B, C, D1, D2, B, F uaw G
Toufidufidniug I§unidy FANCA, FANCB,
FANCC, FANCD1, FANCD2, FANCE, FANCF
ua FANCG  Smaniudnlaniminfifedastiu
maeugliinsshudadeniond uagmihi
Smwemanstiesuas DNA  FANCC Whidwlungs
FANC afiousriigumuiiion) e.1992" shuomisag
B FANC shey drmassq B iiluemaaf 1
Uszsnaimyhemsieesmafia mutation i
FANC 6199 el iy 1 1w 300 udlu
ﬂsgsmm%amy Ashkenazi Jews wa¢ Afrikans 1%
139116 Republic of South Africa ﬂawmémaq
FANC mutant genes s 1l 150 uay 1
T 89 maiEu“® Tunssengiiiae FA wuh Sauay
65 3o 2 Tu 3 20afthewa il mutation 2
FANCA udénumisansmsiasuudasunuin
FANCA lsifidhumisding & mutation 289
FANCC #ltlszanos Sovay 10-15 2095t FA wae
wuhSeuay 75 vesmsiasasuiu FANCC
\uafia FANCC: IVS4+4A — T uaz FANCC:
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FANCA (65%) 16q 24.3 43 1,455 163

FANCC (15%) 9q 22.3 14 568 63

FANCG/XRCC9 (10%) 9 p13 14 622 68 (XRCC9)
Rarer phenotypes

FANCD2 3 p25.3 44 1,451 155, 162

FANCE 6 p21-22 10 536 60

FANCF 11 p15 1 374 42 (ROM?)

FANCD1/BRCA2 13 q12.3 27 3,416 380 (BRCA2)

(Benrin)

FANCB / BRCA2 13q12.3 27 3,416 380 (BRCA2)
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7198098 nuclear colocalization® ﬁmazwalfi’ﬁélﬂ\lﬁ
st TendeAtuethalndde i
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Wie MenaILan
MIINasty FA Auaueghanefumanesay chro-
mosome break test FIFIAMIINZIALITHA
lymphocyte NOULALATIVFOUANNLFIETVDS
Tasluln lnanisfiesn A mafnasedfide
Clastogenic (chromosome breaking alkylating
agents) Vb Mitomycin C %30 Diepoxybutane
X ¢ X o o9va
(DEB) asluvmanuiaesizas satasdmbliie
Mavhae DNA A oxidative stress AAONNMNI
a A o G A v X =
\fisl DEB Lia DNA gnvhaneusSimnineauas
oY @ A A
i WAnsoaueniilasiuley 3en chromosome
break
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dihe FA lé%uss oxidative stress §her) s
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néuifhs DNA fiUnd auluigedshlmiiemanane
gl annniiraduas wanmnmslsiasns
oxidative agents snnAULNGWS Kile FA &9
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aAzeMNReNGRYe) TInee duiannEaLNG
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asulan laemmeseuenadudufivsnsanzag
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uanvinaslaslalaaludiing FA I8 udlihlife
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breakage uewlnedt wanandvszlunilums
aa o Y o Y o v aa o 7 ld‘l:‘!
Ahasiy FA udilsonaaslddmivitasufieid
PAeLNA lumTesaa DNA Tulsedus) Bnéhe
2 av zil/ < a 6 (%
winemadedt Wumsiemesiseuleslals
diefudhinsitias FA TAldmsmdninomianasgm
v al va ¢ A A
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Toslall snaudilseaiud Mhmaldgmsuene
msenmluszeuiuldoshagniiemosse wmatane
Weonauiiefiaadmenoenedoan Smsuunn
I@‘a‘ﬂmiﬁﬂwﬁﬁs Fanconi Anemia gene muta-
tion analysis Watlslemidmsul#idhi molecular
biomarker #84 FA LasmM3auai3qy Fanconi
anemia-Breast cancer genes Interaction T

9 P-4
amﬂmmﬂﬂau

Thai Journal of Hematology and Transfusion Medicine Vol 14 No. 1 January-March 2004



MTATIEA Chromosome Breakage Envheuas Diepoxybutane (DEB) \We3lase Fanconi Anemia 1%@%1148 27

wms
msAnw lwaudné
e lunndgquardieiulatlad false posi-
tive MNMINAFL KITLAWNMIMAFOUUALHTI
A4PT194 chromosome break luanlng 30 e low
Uemadadans DEB &oud 0, 0.01, 01, Uae 02
Talasnga/aa. Lﬁaﬁqﬁuﬁ’iﬁ’laEhd@ﬂ%&lﬂﬂ@ﬁ)ﬂ&i
Y spontaneous chromosome break LLﬂzVLN'WU
chromosome break LLﬁ%slgﬁ DEB ELHWJW N
nosourhidegnnenadsiudldlunmesen
Aurtheuasandnthe
msfnunluiie Fanconi anemia Wazsandn
Tunsaund
YPsANEATY TaEAN 7 AsUA%) (9
2) %@ﬁﬂ’mmz@yw@ ANTUMIETI U MATTNIT
NTFENS AL UNNEFNEASATTIINEILIS v
WNSUNAAA
Negative Control
shathadaneung 7 paired nega-
tive control LL@iam%ﬂG’ﬁuﬁmmmuﬂmﬂﬂu
amMnendusfies sLuLL@iam%wmmiw@ﬁamﬁﬂw
Fanconi anemia @aafiau/n@idn negative con-
trol 9EhtiaE 1 318 3 control VAR ST 6
e Hwwele 2 18 neie 4 e
§mEha cord blood evn@nlasuan o
NVENERSERTANENLNA S Avendusfing tiold
SigY paired negative control slumﬁmaauﬁu cord
blood maqﬁﬂw Fanconi anemia 311431 1 918
fushothadonauind 7linasey chro-
mosome instability lag) DEB |$3u1510910
S asrmenSusfion Siean 30 T Y
Sz 20-38 T Whumeimne 14 e el 16 el
3Bmsfnn
1. mMMedoLUA 3T Diepoxybutane (ANNINL

DEB = 1 lasnsa/aa.)
2 1 1 @ | A 1 U
faagwasrautaiu 2 nan A nauee
Fanconi anemia Waznguanlnd leeusiafls 4 ms
14 1 z:ild 1727 £
vioay 9un DEB Aiflemandndes 0 lalasnSu/sa.
(114 DEB), 0.01 lalasnSawam. 0.1 lalasnSa/
38, 0.2 Wwlaansu/ua. Mmjm@ﬁamuﬂﬂ@
o £ 1 L2 1 [~ 1 1
dwiungusthaudatiu 3 mvesay ¢un DEB
aslemudsndn o lalasnsw/sa. (ild DEB), 0.01
Talesnsa/ma., 01 lalasnsa/sa.
2. MIMSAELNTAA
mynzReas MnTAsUsangalagld He-
parin 1,000 TU 0.1 %8. #9l300 5 Na. {uansm
Roauds waeNaTsaesasloald RPMI
1640 solution : Fetal bovies serum = 80:20 Wgd
U Phytohemagglutinin emaidadi 5 ulasns/
NR. I 0.5 N8B, ﬂmmiamﬂﬂfﬁ'mm av 10
A o o X ¢
8. Luaumﬂﬂw@@awmﬂwmammﬁaaaanmm
v 7 v v 1 (% 1&/
ANNTNTLAT label iuisiazanndai
0 Hg/mL »LJJG’TEN@@ culture media 8an
0.2 Mg/mL 9@ culture media 88N 1.8 &Q.
0.1 lg/mL 9@ culture media 88N 0.9 &R,
0.01 Hg/mL @A culture media 8an 90 lalas
8915
A 5 6 Z.J/ 1
RUALADAA WD WNTINLALTaE NTwDEN
une) winhldeud 37°s. Tu CO, incubator (5%
o) Fhanan 24 Falas Waesunahusiazeans
\§i3 DEB emaidndn 1 lalasnda/sa. ¢k 0
lalesnSa/na. lsldis DEB, 0.01 Tulasnda/aa.
i DEB 90 lulasdes 0.1 ulasnsa/aa. 16
DEB 0.9 88, 02 xlasn3a/xa. 16is DEB 1.8 14,
MNAGL [ENuFaLALAININaUNEMIZ AN
o A @ A ¢ o G A
N 48 Falus fuNeTes Junaumatiuifn
was Itsmsyw*® laedam Aerhmamnzides

LEIAZ2IAN AN Colchicine (Concentration=10°

a a 6 a a { % {
Msss ladeIneazngenaasusmslafia 7 14 atufl 1 NnmeN-Tuwes 2547



28 BENAR] Lﬁ&lﬂﬁﬂ‘lj’ LRCATUS

M9efl 2 uamss N IELazglasld TR inumsuann (oreak) Tudihe FA Tu DEB anaudsdiushon

a6y #n@n g Specimen Swwmonumaiing  Swow  leslulawg
AALATY  ATALATI/LWA @ break / DEB break fi AWy Break
(Mg/mL) walwua
0 0.01 0.1 a918

1 KLw/M 9 PB 4 ND  ND 5 6,8 del80p),

2 10

BM > ND ND 0 -

wosme/M = PB - ND  ND 0 -

2 We/F 5 PB - 5 3 11 3,4,6107UX,

2134, 10, 2
iU X
BM - 1 3 6 7,9M16 1,
131U X
osme/M 1% Cord blood - - - 0 -
FRALANAL/F 46 PB - - - 0 -
FremuANaL/M - Cord Blood - - - 0 -

3 el il gama
den/M 27 PB - - - 0 -
JN3MN/F 26 PB - 2 - 2 7,14

wasmnu/M 138 a. PB - - - 0 -
feuaNau/M 41 PB - - - 0 -

4 Kue/M 12 PB - - 1 4 4,7,11usg 13

(agﬁl‘% Metaphases
WRenrin)
FAILAN/F 49 PB - - - 0 .

5 He/F 43ga. PB - 1 - 1 7
fen/M - PB - - - 0 ;
3N3MN/F - PB - - - 0 ;

FALANAL/F 30 PB - - - 0 -

6 Athe/M 5 PB - - - 0 ;
wowmaM 23074 PB - - - 0 ]
FRAILANAL/F 27 PB - - - 0 .

7 KUe/M 5 PB - - - 0 ;
FAUAN/F 42 PB - - - 0 -

* ﬁ?é’ﬂ?ﬂ@?ﬁﬁmﬁﬁ); PB = Peripheral blood; ND = Not done; BM = Bone marrow; a = lZ:&Ifﬁ‘zyf.a.ina; b= ‘Z.il'WL/ chromosome break
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M) 0.2 3. GanalSlugon 37° asanns 30 it vh
MarnzABsTemadaslmaen centrifuge tube
shltii whhge superatant dawuninolFivde
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0.075 M) 1szanas 10 sashleud 37°7 Whana
40 Wit MnsianAade Carnoy fixative
(Methanol : Glacial acetic acid 3:1) 4-5 ﬂ%ﬁ ﬂ%@
govhutuemadadureamad wamanzrioumee
andlad uasuaud rshshamim sy
Anneimmasensnaaslas o

3. MAARTINA

shaladfdasudsBiensimmsuanineas
leslulandendasganszenieng objective 100X
LasAeme Bl daeinia e e
Tos lsidalusi@ (Cytovision) loavnmsdiaTes
I@‘JINI%N%WNQ 20 metaphases @iawﬁamm
Asdhuams DEB dovilssnathsmadnathsrosed
ymeenaensi Whidihe, and uay negative
control §5% - 23 $aehs aNATBLIAZ Fanconi
anemia 7 A39UAT Hazanaulng 30 dhaehs
57 53 $ehs SmnwaETAe Tl dRmaa
whity 2,400 el Tungaensn® uag 1,260 Laien
wist lunquesaun$1 Fanconi anemia TAIATIZA
Faman 3,660 LGN

NANSANIA

NNMIANENUSLANTMWIRIENT Diepoxybu-
tane (DEB) 4 4 NaNVAFaUAD 0, 0.01, 0.1, 0.2
TalasnSa/sa. Tweudnd 30 118 wuhlusheehs
A a 1 £
Bananandnd wumsuansinaaslas s
(Chromosome breakage) Glﬁl,ﬁuslunﬂ“] ANNITN T
989 DEB uaylunninathmesay  daiigiiuh

& v 1% = (%
mal¥ans DEB Tuamnuidadusnnie 0.2 Tulasnday
wa. fekslslanansovnlilaslulosaasenlnalndifa

a 14 5 = 1% Y v
5 breakage 1§ avtidsnanTn e nudadumns
DEB fishn e 0.1 wlasnSa/aa. wWhashenues
. Y @ 1o ) va
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leslalaa 2 ¢ Ao ¢ 2 fu gl 10 loewmais
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U A % A £
1%33@ HUoe, 1hanvaItas N Lazifand

AN 1 W@ WENLMILaninead
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leslalzallowae  dmsudenuazansanlsilddonsia

asauedaft 2 lwdendihy  wumauaninag
Tesllzanioman 8 e I@awﬂﬂﬂﬂﬂsﬁmﬁ
3,4,6, 21 3 (2 woy 3 oglwmmmaAentiv 3
7 1), X 0 10 (X 0 10 o lumimanfentiv)
Tnessmilafivoiinulu DEB fiflernadadush fo
0.01 lasnFaaa. uazwumsuaninuaslaslales
@_j‘ﬁl 4,10, 2 Ua% X (2 uae X atflusmiadeiiv)
s DEB enaudisedn 0.1 lalesndsan. dwsululy
Qe asumuaninzadaslalaaiose
4 G I@awﬂﬂﬂﬂm@ﬁ 7 s DEB e
et 0,01 Tulearsaan. uasleslulzngii 1, 9
U 16 (9 U 16 aefluamminaentv), 13 fu X
(13 Mu X agluaummaifentiv) 1w DEB e
it 0.1 lalesnSuam. dwsuidandenunaay
Tadwumsuandinaaslaslulaslaaaluynens
KNt duviosmenti cord blood UaSHALANAL
i cord blood Flawumauensiraadaslulzala
wenduiu don, snsenlalleddensa

asauasafi 3 dwsuesauasillisananls
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asavadaft 4 ludonrtlhs numsusniingas
Taslaloaifies 1 wamwe udlanufiadndly
TosTlzamaneg e Iﬂﬂﬂ%(—jﬁ 4,7,11,13 %9
wmﬁaﬂmmww\lmﬁmﬁu @Jﬁ 2) owulu DEB
fifieraudadu 0.1 laleanSu/a. dmsushmuaa

A T 1
MO N

13
iy
19

i

k9

15 16

14
ir
- 20

.
21

FAWs 19 Hﬂﬁﬂﬂi HRCAITS

avlsnumsusniinaastaslulaslaee dmdon,
sn3en bl lerdemana
v HI A oy %
A58UASN 5 Mmamﬂwwmmmwmm
Toahalesd 1 Laserunar I@EJWUSL%IWINIGENQﬁ an
DEB 7idensidsdudifa 0.01 laulasnsu/aa.
dmsudanvasion, anseuacinmLONAL Ly
mauansinaadtes il lome
o a A PE o o
AsaUA5N 6 slw,aamamma PTG AL
AILANAL Tdwumsuansinaadlasialas laiae
dwsudion snsen Tslldaeena
v dl A v £ 1
AsaUASIN 7 slw,aamma WAEFIAILIANAL 1

TERT
TERLART

(¥ |

17

18

91

8 a
22

511 1 UsAWMN Karyogram 2897112 Fanconi anemia A3aLn$ 2 7% DEB emaudiadns 0.01 Pg/mL

WaLWUS chromosome breakage ﬁﬂﬁ 2 ﬁi.l@jﬁ 3

I

i< -3

i

(830 1 o 3 -

&

"ok R0 Q¢ ki
13 14 15 16
Kx Af A
19 20 21

LR

17

18

Y X

22

U1 2 UFAIMW Karyogram 28951138 Fanconi anemia A3aLA$af 4 7114 DEB amaidiadu 0.1 Pg/mL

TN chromosome breakage Uu@:ﬁ 4 7,11 g 13

Thai Journal of Hematology and Transfusion Medicine Vol 14 No. 1 January-March 2004



MTATIEA Chromosome Breakage Envheuas Diepoxybutane (DEB) \We3lase Fanconi Anemia hmﬂm 31

wumsuaninaaslaslalanlame dmsuden,
3n3en ldaemana

a 6
dqUuazaoe

Snwnugahénfinulu FA 3 Usems fio many
chromosome breakage, pancytopenia g AN
a 1 ° A ¥ Yoy lﬁl
Amamehsmelasmifie Wi FA dumils

~a % 14 [~
asinIuenTngas chromosome ka9 (154 spon-
taneous breaks) Ine/lidinsningie DEB uel FA
A ¥ a M oA v @
mmmmmmwﬂm spontaneous break SLML‘VM
AnTudnsméle clastogenic agent feNaT M3
fnnAeTgh chromosome breakage SL‘H, ﬂgﬂ’JEJ
FA awlny 1A% DEB testing % farhiaue
msitadelsailiiulleny deanassnnavas
The International Fanconi Anemia Registry
Y Aan (% lij ¥ A

(IFAR) (17,30,31,32) M@emMIuane FA 9l Do
NNAFTIAN clastogen induced chromosome
breakage i wisastisngihedu FA 439 fafia
1§l diagnostic hallmark lpenawizoensdisli
Aihedfissdy FA ud flenafinsmeseme
Goeas 30 909 FA Alifanuims v aasdiog
£lutiuenel chromosome breakage test (m%aﬁaﬂ
DEB testing 04 DEB %nii1) twmevi Wansnan
&N FA 910 acquired aplastic anemia M%@I‘s‘@
un) Aednerulel senamiidediselemilumenea
@337 (prenatal diagnosis) EMSUNATIRLITN
Aesamslsmifiagniidiu FA Snée

iveldhiuamsfinuniiemsst chromosome
breakage MuWaINIINTLdulaLaT DEB
(Diepoxybutane) luansidiuduenee fia 0, 0.01,
0.1, 0.2 lulasnsa/na. vieldadumstimedia
smaenzAlaslalaasnavandifio selomily
msfudumsifiasis fihe Fancont's anemia 1
anlnaldachagndossiug  mesmmaiemeiin

Tuenlnenind 30 en fieiunsigarianaflieties
989 DNA Tushathstsennsinelusnmeidians
DEB lwansudsduideniufildnsaludiae
Fanconi’s anemia Uasinssnsluenadadvang
DEB 7iganinfmasauiiushoensesnanyihe e
Tulanaulveunddleslulaanfiatieosass e
Fenfudihe FA uasiiodszlemilunslfidenen
»Lwyﬂﬂ@ﬂuéhmuquau (negative contral) Alael
»Lsiﬁ DEB induced chromosome breakage
. . A v o v A L

Fanconi anemia NaNBEUSA 1AM laslulay
Plsliafien (instability) SwiosnanianuieUnd
Tunalnmstasums DNA o DNA grvnaneuass]
ANNAnUNG lumIneUaURIsaT oxidative
stress 4 DEB hviAalusataninidemensia
%uﬁimiﬂw (chromosome break) chromosome
break Aifisauludihe FA Aflasanlsssnsoden

4 y

wzs DNA AusnviniSave e

nnmsdnm lwradvaseulnelnd 30 e 9
\fis DEB 0.1 wae 0.2 Tulasndu/aa. laiwumsuen
vinwaslaslilznloay  dmludihy FA agwums
waniinaaslaslalaaluenudadu 0, 0.01, 0.1
Ialasnsu/ma. S 5 78 80 2 7 lawumauen
vinvadlaslulanlen audiunudilidesld DEB lu
anadiudn 0.2 lalasnias/aa. Tugie FA f
sNansauin chromosome break 6 Ineiamngatha
B9 fhemei 1 bidasimiehy DEB fnlidu
chromosome break W& athdlsfiemaanmside
X X A TN
i Tuossendihe 7 nefundasdelududun
{u FA udmsvasay DEB testing WHa UIN5
T8 warlinaay 2 Mo fo dthemie 6 uay 7 &
fensduldledh dihoaesnodionan araazd
Snuwnigmanaiie uay malaiainenfimilau v

v ! ] dl Y A (3 [

Aty FA ualild FA fwise enu §uthesas
vy e - A e o
Aihadsnam eneazifaanamgi sifeadosiy

a a 6 a a { % {
Msss ladeIneazngenaasusmslafia 7 14 atufl 1 NnmeN-Tuwes 2547



32 BENAR] Lﬁ&lﬂﬁﬂﬂi HRCAITS

qumm (acquired bone marrow failure) 1%
Yo =1 ] A v A
NINORIGTY N TeRLeEY v Laused
ionizing radiation 1IEWINAATIA ik luNTokn
U ;9: | A 3
KUY 6 Wy 7 # IlsnansoemaseLlsyiaanusy
therasasaunialasazdun waylild Banan
Jon 11900 war W tad WWaN1INeEay DEB
testing
a ¢ A DX A ]
MINTIRWOTIZN mmmﬂuqmmw 1 WU
3 spontaneous chromosome breaks ELuLﬁa@ LLG]leN'
mmiamaawﬂﬂmmz@ﬂ Tathfasnn lumamie
X 6a o oV v o
BeirasanIngey am‘[mmz@nwﬂ@mﬂ;muaz 19
1143 metaphases NFIENNUALETLNENNEF AT
mﬁmmﬁ chromosome breakage ﬁu\léﬁﬁmu
v 5 = ° Vo 1 %
Torlumet Aevh s llansnsndum chromosome
breakage W‘LIsLu\lﬂmiz@ﬁ
AWMSLINIMIRINTELATIT 3 Tl NaLAnlums
MAFU DEB testing Y9Mansoiimiess wive wa
et shagilemunsneddayldaassems de (1)
6],‘% Allele 98 mutated FANC gene b WNAKEG!
Tseuntle anmavilanudamaieawme s
Mdudmaeannaamsymsfidenugs DNA
pehaiisAvanm  agin WalesllzuAamsusn
FnRenanmMtniinlas DEB  uemumanien
na lus6iuiildain FANC gene ndium allele
fivde 91y T lumstosugs DNA Newth
ulo lsiasnysolifieona Sovhl¥isiu breaks 1sng
% Ad . A Xa
19 uay (2) 9D9M13999 DEB testing NENUUN
A lmasuns e INEaNI0eTIaNy chromo-
some breaks W uauiifunvznemaldene us
chromosome breaks finulumvzrhaziiawnios
nh e homozygous FA flagluasena
e
Tuussenleslalaais 23 leslalzeiny break
Ienoeludihalne l6un 67 2, 4,6, 7, 8 10 waw

x  dmlaslulongfidislinuhal break wolums
finwih fo g7 5, 12, 14, 15, uazlaslulasilunga
E Fusy G e diheluasenedii 1,2 uae
4 ﬁmmﬁﬂ%m chromosome break {1117
v d A

AFAUASEUNNI

MALSEURELAUTENUMINATIEA chromo-
some breakage test Tushatlsemelas TFAR ay
Wi nanumITeilanugannaaaiumeni
999 IFAR”™* nanfie namen IFAR fissyh
i}ﬂfaa FA & f1434984 chromosome breaks/cell
MUVEINNITaA [W5Uss DEB agﬂwm 1.3-23.9
WasuWeuiuauUn@nden agssndng 0-0.36"%

Aav ;;J | (9 n‘ 6 vy Yo
AASeiinuh memdsnnimaduasrithenalésy
&5 DEB a¥@59anuUNd breaks/cell 3N 1.3
W30 AenAuyniiu 16 (range 1-4)  LAZHTIA
WU break Iuenlnatnfiay

fihy FA fenamannvanelunsusasoanms
91N WAYTNIYNSHLEAIIMS AWM
Chromosome breakage test %@Lﬁm@%mﬁaéﬁm
Tunstaeitiaselsnit wazmsy Chromosome
breakage test Sfludasfidanauindivhaughl
maaluseugNaL (negative control) T
WiSeiifgariudrh DEB lalifemsuaniingas
Tosllmaluennfinalunensdaduficnm 9

] ) dl 1 77 cl
ueneeanitae FA Ausld DEB emnsudisduusne
viaalall¥ DEB fivnlstAanmsuensingades slssle
Foyamariummdanansalfsrlemilumsusznay
meAtaselsn FA SanfudnsmsiasamMInatn
a e A4 dave. Ve

uazmesaUmslaiainendue o litaeldsy
MIATIASIH FRaAAL MTULEINATaUAS TS
L2 1% ] dldl : £ 14
Aiheldethsifign wenanitluawmaadulng s
fufhimeifiasin FA Thusduannfign snansnvile
Taems aTamenuiaUndeas FANC genes
s 19 8 Budanan lewamaludihe naenan

Thai Journal of Hematology and Transfusion Medicine Vol 14 No. 1 January-March 2004



MTATIEA Chromosome Breakage Envheuas Diepoxybutane (DEB) \We3lase Fanconi Anemia hmﬂm 33

suninaseueymssdihafiedudud funmeans
Isa warandlumehlgnistiostiumsmemanaas
Iiﬂmqﬁuﬁqﬂﬁmﬁham%ﬂmaama‘um?a Lﬁlaﬂm;u
din (1 luprnea

fadinssadszme

POUADH FFATINTOUNNENGNITITTN G
Indns meAmnansnaenams aniuwneenass
FHnanening siinenduafion Al¥nseuasnm
fihe FA uay daiussivayulessnsiiduoehed
Gy

P0unms AMDuENT UFAN waaIINGLL
an 6 A o a = o
Tiwaafle sindnwlSygnien Angan e
! A % a v % 6 1 lil
frumdasunafiauazdunasdanuslnsiifien
M FA

Lanansansds

1. Lee GR. Pancytopenia, aplastic anemia and pure red
cell aplasia. In: Lee GR, Foerster J, Lukens J,
Paraskevas F, Greer PJ, Rodgers MG, eds. Wintrobe’s
Clinical Hematology, Volume I. 10" ed. Maryland:
Williams & Wilkins 1999:1472-3.

2. Lynn and Dave Frohnmayer. Fanconi anemia: A
Handbook for famillies and Their Physicians. 2™ ed.
FEugene : Fanconi Anemia Research Fund, Inc., 1995.

3. Connor MJ, Ferguson-Smith AM. Essential medical
genetics: Chromosome Aberrations. 3“ ed. London:
Blackwell Science 1991.

4. Sum H, Puto HA. Selected mendelian diseases. In :
Nora JJ, Fraser FC, eds. Medical Genetics, principle
and practice. 3“ ed. Philadelphia : Lee & Febiger
1989:167-8.

5. Fanconi G : Familial constitutional panmyelocytopathy,
Fanconi’s anemia (FA). 1.Clinical aspects. Semin
Hematol 1967:4:233.

6. Joenje H, Patel KJ. The emerging genetic and

molecular basis of Fanconi anemia. Natl Rev Genet

2001,2:446-57.

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Strathdee CA, Gavish H, Shannon WR, Buchwald M.

Cloning of cDNAs for Fanconi’s anemia by functional

complementation. Nature 1992,356:763-7.

. Lo Ten Foe JR, et al. Expression cloning of a cDNA

for the major Fanconi anemia gene, FAA. Nature

Genet 1996;14:320-3.

. de Winter JP, et al. Isolation of a cDNA representing

the fanconi anemia complementation group E gene.
Am J Hum Genet 2000,67:1306-8.

de Winter JP, et al. The Fanconi anemia gene FANCF
encodes a novel protein with homology to ROM.
Nature Genet 2000;24:15-6.

de Winter JP. The Fanconi anemia group G gene
FANCG is identical with XRCC9. Nature Genet
1998,20:281-3.

Howlett NG, Taniguchi T, Olson S, Cox B, Waisfisz Q,
de Die-Smulders C, Persky N, Grompe M, Joenje H,
Pals G, Ikeda H, Fox EA, D’Andrea AD. Biallelic
inactivation of BRCAZ2 in Fanconi anemia. Science
2002;297:606-9.

D’Andrea AD, Grompe M. The Fanconi anemia/BRCA
pathway. Nature Rev (online) 2003:3:23-34.
(www.Nature. Com/reviews/cancer)

Whitney MA, Jakobs P, Kaback M, Moses RE, Grompe
M. The Ashkenazi Jewish Fanconi anemia mutation:
incidence among patients and carrier frequency in the
at - risk population. Hum Mutat 1994,3:339-41.
Verlander PC, et al.
+4A — T mutation of the Fanconi anemia gene FAC in
the Ashkenazi Jewish population. Blood 1995,86:
4034-8

Gillio AP, Verlander PC, Batish SD, Giampietro PF,

Auerbach AD. Phenotypic consequences of mutations

Carrier frequency of the IVS4

in the Fanconi anemia FAC gene : an International
Fanconi Anemia Registry study. Blood 1997:90:105-10.
Auerbach AD, Rogatko A, Schroeder-Kurth TM.
International Fanconi Anemia Registry : Relation of
clinical symptoms to diepoxybutane sensitivity. Blood
1989;73:391.

Auerbach AD. Diagnosis of Fanconi anemia by
diepoxybutane analysis. In: Dracopoli NC, Haines JL,
Korf BR, Moir DT, Morton CC, Seidman CE, Seidman

a a 6 a a { % {
Msss ladeIneazngenaasusmslafia 7 14 atufl 1 NnmeN-Tuwes 2547



34

19.

20.

21.

22.

23.

24.

25.

26.

FAWs 19 Elﬂﬁﬂ‘li LRCATUS

JG, Smith DR, eds.
Genetics: Current Protocols. New York 1994.

Witt E, Ashworth A. D-Day for BRCAZ2. Science 2002;
297:534.

Current Protocols in Human

West SC. Cross-links between Fanconi anemia and
BRCA2. DNA Repair 2003,2:231-4.

MarX J. Debate surges over the origins of genomic
defects in cancer. Science 2002:297:544-6.

Gregory RC, Taniguchi T, D’Andrea AD. Regulation of
the Fanconi anemia pathway by monoubiquitination.
Sem Cancer Biol 2003;13:77-82.

Welcsh PL, Owen KN, King MC. Insights into the
functions of BRCA1 and BRCAZ (review). TIG 2000;
16:69-74.

Billie RB, Fromcis TF. Basic laboratory techniques in
cell culture, U.S. Department of Health and Human
Services, 1981:123-4.

Gosden CM, Davidson C, Robertson M. Lymphocyte
culture. In: Rooney DE, Czepnlkowaki BH, eds.
Human Cytogenetics Volumel Constitutional analysis:
A Practical Approach. New York: Oxford University
Press, 1992:30-40.

e diurings, Ve e uasnuman . Ufod

. ¢ a
m73 Cytogenetics ?%‘V’NﬂﬁLLWWJ. NIV AIASLVIRILER

27.

28.

29.

30.

31.

32.

maunnel amaneataian, 2527:17-20.

Alter BP. Fanconi’s anemia and malignancies. Am J
Hematol 1996;53:99-110.

Ishida R, Buchwald M. Susceptibility of Fanconi’s
anemia lymphoblasts to DNA cross-linking and
alkylating agents. Cancer Res 1982,42:4000-6.
Sasaki MS, Tonomura A. A high susceptibility of
Fanconi’s anemia to chromosome breakage by DNA
cross-linking agents. Cancer Res 1973;33:1829-36.
Strathdee CA, Buchwald M. Molecular and cellular
biology of Fanconi anemia. Am J Peddiatr Hematol
Oncol 1992;14:177-85.

Auerbach AD, Rogatko A, Schroeder-Kurth TM.
International Fanconi Anemia Registry: First reportt.
In: Schroeder-Kurth TM, Auerbach AD, Obe G, eds.
Fanconi anemia: clinical, cytogenetic, and experimental
aspects. Berlin: Springer-Verlag 1989:3-17.
Auerbach AD, Ghosh R, Pollio PC, Zhang M. Digpoxy-
butane test for prenatal and postnatal diagnosis of
Fanconi anemia. In: Schroeder-Kurth TM, Auerbach
AD, Obe G, eds. Fanconi anemia: clinical, cytogenetic,
and experimental aspects. Berlin: Springer-Verlag,

1989:71-82.

Thai Journal of Hematology and Transfusion Medicine Vol 14 No. 1 January-March 2004



MTATIEA Chromosome Breakage Envheuas Diepoxybutane (DEB) \We3lase Fanconi Anemia 1%@%1148 35

Chromosome Breakage Induced by DEB in Thai Patients with
Fanconi Anemia
Somporn Theingtat, Wichanun Yamkamol, Yodsaward Theptaranon* and Pimpicha Patmasiriwat

Department of Clinical Microscopy, Faculty of Medical Technology; *Department of Pediatrics, Faculty of Medicine, Siriraj

Hospital, Mahidol University

Abstract: Finding of chromosome breakage is a diagnostic hallmark of Fanconi anemia (FA), a
hereditary bone marrow failure syndrome with autosomal recessive inheritance. A defect in DNA
repair mechanism leading to genome instability is an important etiology of FA. One strategic
methodology to detect instability within chromosomes is a clastagenic introduction into the cell
culture. Since the chromosome breakage analysis among Thai FA patients and standardized
condition of the optimum clastagenic concentration used for the test among Thai patients and Thai
normal subjects have never been reported, we then initiated this work in order to improve diagnos-
tic accuracy of this rare but important genetic disease.

Lymphocytes from patients and their first degree relatives of seven families as well as Iympho-
cytes from thirty normal Thais were cultured using modified standard culture procedure for chromo-
some preparation. Chromosome breaks were induced by different concentration of a clastagenic
agent diepoxybutane (DEB) from 0.0 to 0.2 g/mL. Chromosome analysis were determined in the
total of 2,400 metaphases from normal control subjects and 1,260 metaphases from FA patients and
their family members. Result shows that chromosome breaks were easily observed when induced
by low concentration of DEB (0.01 to 0.1 Jlg/mL) or even in uninduced culture (spontaneous breaks)
in the majority FA patients. Five out of seven FA families exhibited chromosome breakage in
various number of chromosomes. In contrast, no chromosome break was detectable in all thirty
normal Thai samples eventhough DEB was used at the concentration as high as 0.2 Ag/mL. We
propose herein that chromosome breakage analysis is a useful technique and should be performed
in all Thai patients suspicious of FA to confirm clinical diagnosis. DEB concentration at 0.1 H\g/mL
should be suitable for chromosome breakage analysis for FA in Thai people.

Key Words : ® Chromosome breakage ® Fanconi anemia ® DEB
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