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E /ﬁ o ifr'}%‘ i Qé'?f)? et o g g‘ﬁﬂﬁ URTSD) - S LR '?L;‘E.'f“’"#fgijﬁf ’
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BoEVRp A R F et 0 B R EHC TRBRE T L N 80% A s & p
FA o P REE LR ACET E L BRI O § MY 5% 0 4R HieehE B s
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P bR L RS 0 A bk B T 47.8% ;T8 E s > EEHIVERE o P

7% 7% F ¢ 1E 80% (Huang, 1985) - m@t. #p mﬁ Fhe Fl s X b DIBREES > B %
&Tfs‘i/rlﬁf % IVAZ IVBH 2 7 # 3% 50 » % 5 35%F- 28%- F] 5 mitomycin C
it d 2 4 Lix Y ”¥’ri’1"m”é"]§,"3" 4;:.7; 45 4 7 f& Z mitomycin C ehit ™ £.F
TR BB IE A 2 BB T AT 0 i fru Mitomycin C ~ Epirubicin -
Cisplatin ~ 5-Fluorouracil 2 Leucovorin (MEPFL)4c * {4 4 ey J o R ot 8p m,& "]
% > &8 100 Z ﬁvm‘%ﬁa Boh M BAER SR 0 R AT 6 A FEINER 0 & i
LDHE R + 2 > &5 4% + 245 RIgE ?Kﬁﬁ%—‘ﬁ AT ER BRIz o LS
P eni R > F - BREZ AP o ¢ 455 - % #1 mitomycin C (8 mg/m?) >
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B foiE 2 % B Wl drefe Jp R 2 gn A iz E S AR e B 55 N IVAS IVB
g e A dom B 5 170 245 59 o 3E HRIp Y iR 43(34-80) 1 P o T & iR A3
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e g 82% (% 1o IVA - IVB #P 2 N3a > N3b 4 %] 5 94% > 87% » 76% > 79% >
TA%) o S5 A% N IVAS IVB ) 2 N3 en Q45T & B 3t 58 5 0 7 JF Fo
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ST SRR SRR SRiETE IR I ok LS & A SN B T
T RET R B AT R R s BE RIS A e RO
Braldh 85~ W AG S G IREE MR B E e P B E SRR o B
FLEBARSE  QEPLEP AR FF AR MNT > BFRFPLRFF
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A e %7 = & % (Hong, 1999) -
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Ve E e 0 b S B ;f’frv%ﬁﬁvf R B (28 Bt 22 ) (Ko, 1995) - 2t 4
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bleomycin =4 {+ » F] ¢ bleomycin H{E* 7 £ 5 DNA 4 i 4 e #4835 - Hsu
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IR Ak F1 2 e A Fl(Kallioniemi, 1992, 1994, 1995) - A= 3 chp g > 5 7 P
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KEL 83 — o] B4 4 (Rowley, 1996) RO s QAT W ’flr‘—\ dﬁ" FRERT
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—‘F‘? Kp QM f'a—'k kop# ey B & M (heterozygosity) o w1 * 5 5 A5
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¥ & 2z (Cawkwell, 1993) » ;ﬁﬁ‘:’*’ it > T OUE 2A P TR L AL AT
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% — W i>: Bleomycin #5%

HERE S F R F R e FR(NPC) « ¢ iR v FR
(ORC) ~ szt ® R (LHC) 2 2L e 4 & 35 £ o % A ik 5mL % » § § %
(heparin) g + » #4733 4°C k48 0 7 AgiE 48 ] BF o & * 4 4 & 58 F (Murex
Diagnostic > Dartford - England) i % # = k2 8385 3k 28 > 3= 5mL & 7 74
kAo - HLX 4Bmg ot RE R c FBAMA2 L REE P FF K
3.6mL RPMI-1640 (Atlanta Biologicals Inc - Norcross » GA) » 0.75mL 20%-|- =+ =
# (Tissue Culture Biologicals > Tulare » CA) » 0.075mL £ 4~ & 3t % - 0.075mL 7 &
%4 (10,000 IU/mL) ~ 4&f#% % (10mg/mL) % amphoterin B (0.025 mg/mL) (Biological
Industries - Beth Haemek > Israel)-k /% % 4= 0.5mL = j% > x> 37°C £ % $4(7 5%
ZF VR T2 e A% 67 /] PF4e ~ bleomycin 30 ug/mL i * 5 -] pF-Bleomycin
(Nippon Kayaku Co » Tokyo » Japan)-kiz ;% @ % » % = 1500 pg/mL =k & -
P AEEN20CC ARG % 71 P& L & %% & 4~ 100 ul 1 Colcemid
(10 pg/mL) (Gibco BRL - Gaithersburg »+ MD)i®* 1 ] p& > & § ss 4 2 B2 v
#p (metaphase) « % 72 /] Fte > £ g > XspEp 0 1 3009 s 5 44 o e b R R
H 18 o 4o~ BmL > M3& ;R 2. 0.075mole/L e Y493 7% > >R EE 20 4480 |
S o K,éfté R is o B4 » BmL e Carnoy B wUR (7 pRie fA=31) 0 £ 3R
#FE 200480 €47 iﬁ&? » £ 2 omL %]’i;,fé,g—,}a v Bfgie = 0.5mL 93 % -
Po— N Z R BRF bR gl B o B4 5%+ Giemsa % % (Diagnostica Merck -
Darmstadt - Germany) % & 4 & 4 o & 55 * + 38855 — @ > 12y gL < 1000 & -
FBES0BF SA K Pt o dok A BRI 02 24 LA RS HEMaPE
B PEAAR-SRY P 5 HK(gap) 0 F P » edk s k2P E s %74 (break) o
dod - B P s EMEHEA 12 Pl R 12 BETH - 318 50 B
e R BT R g0 {05 1 50 KB A e chT s2uT A de(ble) o ¥ 0hH 2000 @
fve P o F BB wreieiT g S K %4 H F skA A ehdy Bie(mitotic index) © &
61 2 %45 > 4 Student ttest t& Tz dep X HelE A W]



oW RAAFERRE

W25 LHCERE A o T PR A PR JFPR S > R AR S
,’{E—‘fﬁ 26 LA P EVRR A 0 B R O TR e o RN R B R 0 A

BofpE s 2 k¥ kv 7k DNA -

& F A v‘ Btk Pl £ AR FLRBE10mML ) 3§ ¢ #£ RPMI-1640
(Atlanta Biologicals Inc - Norcross » GA) » 2%+e 4~ = 58 % » 15 %] 2 & i (Tissue
Culture Biologicals » Tulare » CA) > f= 0.5mL = ;% > 2 » 37°C 32 % $a(7 5%= § *
)3 T2 -] PF o 2R 15 4 » methotrexate 17 ] p¥ > 2. {6 £ 4v » thymidine » & 7 k&
HE 2 v 8 (metaphase) B BT ko FhgcEag oo

H-rh R e sr%«m DNA * nick translation == ;3 » &+ 7 % ¢ ¥ & dUTP
(Wysis » Downers Grove » IL) » - i Lok o %k ” 32 DNA ﬂ TG d
¥ & en dUTP (Wysis> Downers Grove s IL) > izt 354 «hE & 4 > 500 bp E'J 3000
bp 2. B #X 12 %200 ng 3 %57 <7 DNA 4r 10 pg ix 3 %7+ 114 #¢ Cot-1 DNA (Gibco
BRL - Gaithersburg> MD)i2 & » r2iFpE it > £ 7% % 10 pl #9322 j% (70% formamide/2
x SSC/10% dextran sulfate)3 F| 4 ~ 45 o - F #p - JF 4R £ A 76°C T R4 7 &
4557 Hmiecng § fL B 76°C > 70% formamide -k % 7% (70% formamide/2 x SSC »
pH 7.0)¢ = 3w 245 > AREBIFLERERZFD Y Dwre L d Weoghy 7+ >
AR > B 37C AR R Y B2 X o 3 fs 0 IS A 43°C T
12 50% formamide/2 x SSC -kiziied =x > &L o4 BFAZTET » 1PN ¥
/% (0.1 M Na;HPO4/NaH,PO,4 f= 0.1 % NP-40)i& = =t » % -+ 4 4% > # {5 = Vectashield
3 F] 2 (mounting medium) (Vector Laboratories » Burlinggame » CA) ¥ > 12 diamidino
-2-phenylindole (DAPI) #-%4 ¢ $84 4

e QUIPS XL A Fla % & % su(Wysis) » e t6ehd § A B o 17 ¥
kEL - & H 3 cooled charge-coupled device camera (Sensys > Photometrics »
Tucson » AZ)=n Zeiss Axioskop % #c4t > 3. SmartCapture program 45 3= |-+ i #
imre cnd R X175 % dB R % $L(Chroma Technology - Brattleboro » VT) & £ %
=~ E(DAPlI 2244 ) 12 QUIPS fic#8 » #-6 3 10 B2 Hwme 4 d 4 > % ~ &
Jamli:nfb FER BN L d B F AT 12 A7 AFH A T E
0.8 z\»TFE_'&_r]ﬁﬁ}\ o



¥z 4B LM

RERE o ?%?F”n‘&pﬂ%ﬂﬁ“@' 3R 30 & J o FbRp 4 o 2t iE
TR AP PE AFPRES o R DX £ eeh 18 LR S FIRR A (13 %
R 5 L fi*v:“‘?;?%fi) CBHER AT RER c FREREE R BL R oY
FBopiwme i 0¥ T k2 DNA» ¥ ¢FB~{8 = B w2k : HONE-1>CNE-1>CNE-2
(Glaser, 1989; Beijing, 1978) » 78 {5 %23 DNA % RNA - %ﬁfﬁé Cawkwell % #% ) &0
G e 3090 11 AW FLEE P13 BTG F Y T oaukiFEL §
/-rpcﬁl’*(Soffm%f—ﬂfj& ﬁ}:’"mﬁq/ﬁ;‘\:c’gifm”ﬁﬂﬁ& fi}:‘f‘"ng
iR T4 s e HBEE R A S A RE) THEFRYACM o S u g
I F mre g E‘i’w w? DNA ehF ik » 2 TR E 48K & o Miclrk % ”/%%pcma‘p
- %% 100 7] 300 %+ p& 7 ﬁz»“ By s v@?ﬁrﬁ@ﬂ‘v/\ (CA)enE 45 » Fl= B
A E AF e ﬁﬂ % S R /F* > Perkin-Elmer/Applied Biosystems (PE/ABI)
o P Wi okiEh F A Re2 - IL% 515 (primer)*t 3 (FAM) » & (HEX) » & (TET)=
R kz - > GTHEFE ABFNERFRAEI K IR cRFF
Sepr o P8 R - $4515 5 4o b IXTris-EDTA 7 20 & > #4155~ 41 dul 4c » 1l
20 ng/uL 7 DNA > 1ul #110x PC2 3 =% » 0.luL 21 Taq % & %% (5 units/uL) » luL
92.5mM dNTP 2 59uL 9 = Z4-k > F B84 5 0l - RE a4 4aF o
512§ 95°C » 5 A 4 AXi5F4F 94°C > 15 )  60°C » 15 4y ; 72°C » 30 5 » £ 60
w oo Efs 72°C 5 10 4 48 o 32 F &4 7 ethidium bromide 3 4% agarose AR A
LR RS T ’ﬁﬁ#wfg’#iﬁhlpLFaﬁJ%%Fﬁz ? B & RAPIT
e A 4R f- Az 4o b Ix Tris-EDTA f-8 & 20 & » 2 ,éﬁn 1uL SR & A A4
15 pL e ;f%rr/ ,z(‘:' Pl AR 2o 9038 I e =15:2:2) » & 90°C &% 2
45 0 18 DNA %= H 3% » £ 5535 3] PE/ABI 377 DNA % 47 i, 11 4% polyacrylamide
R e3% iR R gl 1T £ B~ 10.8g fk# 0 e ~ 40% acrylamide 3mL > £ 4 » 10x TBE
3mL s 2818 4 & =t Z 45k ) 30mL £ {$ 4c ~ 10% ammonium persulfate (APS) 150 uL
2 TEMED 2| pL - i acrylamide & & - ;2@ T Ao » B P & L0 47 xiﬁlé“" z
%e;{rw B E s LB AT 0 £ 2 GeneScan™ #it kY 2oL 2o B2 2
i\if!"ﬁg&ﬁ];{ﬁ}_‘:c@”l/m« o] /%E‘ ig'*gr"— );})«‘}”m& ’i“v’z‘:fg—’ I3
E%‘]*I’f*“”ﬁ -Qr%%-m”;?DNAmﬁ_kL‘éE%‘]’?/F—ll}Zﬂ, m;fi i ¥ -
Lo i AR &M RS SAS6.12 % H PPROC FREQ é@i%ﬁ" P Flsher’s exact
test 2475 LOH crifiefr 3 g 8 W] ~ SE3%0 = S48 %] ~ TNM #6728 %] cip B
Moo ¥ ob g F A -R AR5 o 27 FhR % 2 e phe cDNA 15
F1* ¥ FHIT o exon 5 3] 9 2.515 » B~{¥ »;’@iﬁéman B4t s i
p16INK4a z plgARF S P A 45 o






% — W i>: Bleomycin #5%

oM i A~ JFPR(NPC) ~ v vz o eF g (ORC) ~ vt ™ i (LHC) 4 =
T 3o 4 ) §_46.7(+16.0) ~ 45.9(£14.5) ~ 50.1(+11.0) 2 60.4(+10.6)# » LHC
T IoERP R H = g o4 wimond d HAETAEE H Ti06 > 2R
oo B FVR T YET VR R T VR chT 0% ¢ M ARETA s+ £.0.80£0.32
103 +045-130+044 > f-1.35£0.46 > #77 I%}i}]% A bt ?E»«‘f%-‘}ifﬁﬁ A BER D
bic » fi F VR 4 v T AR FVR A T FMRE § B F 4P bic s ORC ~ LHC ¢t 35
2¢ H YA H > v NPC - zfﬁ?ﬁ'_ﬁ BoEAYE AR HRENDTIHLIE
BT B - BB LS 1100 4ok 47 HMEH K ToE A 1100 2
LaH G 4 bleomycin W R TR 0 RIATT R E 4 Y BHREIRG R b
‘$t bleomycin # & 5 g’ BF NPC »* LHC %+ § 940t bl “§f bleomycin
WRATR e



P oMy v RANA T

FEVEEA L B 25 BREEAEY 5 8B 26 BRFEEY 5T B R
4 ORI AP BT P & RS T (B %e ernt 5 b 40%-90%) 4 £ § 131 B4 4 RE &
(50 Bax 4 ;8L B 4) M 17 BRFEHY 5 118 B4 WH (48 B4
70 B 4e) I 19 BARF ER Y o R FEEE F L ehgk FIH 4o 23 12p (59%) 5
B AR R F R P T 4 o 30 11 (53%) o R MR 129 ~ 9p ~ 11q ~ 14q
NIRA G RBA T £ A R R E R K F (0 < 0.05) o B 11 Rg T
B4 s k% F 08 1 0 TioA s AR 4G 38 B 5 K U~ IV HehTog & g
4 2 wul$ 40381 TIo4 S REH 4 £ WG 7.7 43 B (p<0.05) -

o CGH R okt » T & F 10T en it 0 A T3 4o IR 4 4 /Y 12p(59%) -
1q(47%) » 17q(47%) > 1T ® + & =1 11q(41%) - 12q(35%) > 9q(24%) % 8(24%) » % -]
el T Bt 12p12-13 0 1921-22 0 17021 0 1725 » 11913 % 12913 5 £ Fl4k 4 %
24 48 3p(53%) » 9p(41%) > 13q(41%) - 14q(35%) > F ik =4 11q(29%) > 5q(25%)
2 160(19%) > B | e E &0 % £t 3pl12-14 5 3p25-26 > 9p21-23 5 13q21-32 » 14q12-21
% 11014-23 - BEom 23t P it 4 d REIROB AR FIE Frop A F] 0 T i %8 B OFEVR A
S\



oM AR &

95 3,787 B¥ R L nF R hp BFRRM O3 BRI > L0k
BT 3 78 (59%) B ¥ &2 hikie 0 3 70% (34/48) I B Boen® i AL Flak 4
(fractional allelic loss, FAL) » FAL &= B4 ¢ AP g 3 §_3p : 96% (46/48) -
3q: 85% (41/48) -9p :42% (20/48) > 9q :71% (34/48) - 11p :38% (18/48) >
119 : 92% (44/48) » 24 %8 3~9~11 1 »i4 fhien® (= A Flad 4 2 45 5 A w2
24% - 20%% 21% > & 7% FAL 7 R TSNl 0 R R e 0
FEFwEnFE s NG LR PRANRE- BEEATFSRL  AE A
Flak & G FAZE A ¢ W F T o {35 45 L AP LOH - & Bikse
FEMEEEATERA IS 0 VA PR AT SR STV Lok 4
Bt v a 4R 2 B eh 3pld-21(F H5 5 3p24.3-21.31 % 3pl4.3-13) » 9p21-23
11913-21 (¥ £ 5] % 11q14 3)fr 11q21-23(¥ £ &5/] ¥| 11922.1- 23.2) » 4+ *+ § 8
BATH M R ehak 4 B3t 3p25.2-25.1 o 3q22123 » 3026.2-27.1 > 3q29 :
9g21.32-22.2 » 9q34.12-34.3 > 11p15 5-15.4 2 11024.3-25 o B {4 i 1A 5 o
T4 3B £ e LOH % % : 3p25.3-24.1 (D3S2403-D3S4535 » < 19 cM) 3p23
-21.31 (D381768 D3S1766 > < 9 cM) % 11¢22.1-23.2 (D11S2000-D11S965 > < 8
cM) > @ ¥ 3 4 LOH st & 4w % if 75% (36/48) » 65% (31/48) » 67% (32/48)

% = Fak 2 o FPR A B AP r&g Mensat A 45 25 D9S318 ~ D11S1304
> u) A e 9921.3-22.21 ~ 1024.3-25 2 % = A T4k % o N2IN3 § AF F Ap b 42
(p=0.035~ p=0.005) : &z D9S905 - D11S1304 A =] #+ # 1 9934.1-34. 3 + 11024.3-25
2% A T & fos P enfl sFVR G A 4 B 14 (p=0.022 + p=0.017) -

B 0 A AT S8 BRI R B AR dodrfp Ak T 0 E A E B 0 3pl4.3-13 e
FHIT 2 =3t 9p22.1-13.3 7 p16 M 4r p19*°Fie (7 % % & 3F > 8228 FHIT #7 aeh
3pl4.3-13 2 £ = A T3t 4 fo % W hf FheF BF AP M ]4 s fe B¢ 21 ,gﬁ’gpn@, o
P FHIT ~ ple ™ e p10™F 2 5% » 23 $2 2% o Ra > 3B mﬂeﬁ\
¥ ¥ & HONE-1 e FHIT % 1 2 B 2% % :Ser77Pro 2 GIn90Arg; CNE-1 1 FHIT
FRLIBEERF A FHITERFN2 Fogu AP » RIPw55 0k (X5 2
% f R4 o 30 INKAQ/ARF #4511 e pl6 " 4 plo™T s pl & 3 B e k38T
FIRATintron 1 f- exon2 2 A NI A CBRE o & KiG RT-PCR 2 & 7
AT F I RERAFE o A exon2 > W REFESMRNA o






Bleomycin #_- *% glycopeptide thfz2 % > 77 S Bipg > Lo pi 2 A
F o feFfEEE A B ek {oi (Povirk, 1991) - v £ - fER A o TRk * h
bleomycin » & 3£ 55-70% A2 » 25-32% B2 - 2 % %3t 7% A2' > 1% B4 (Nippon
Kayaku, 1991) o H tm#e & T4 {oc s 00 3% st - § 5 s BABAT 2 § 5 /& o
v B3k DNA » ¢ 59 H)j‘uﬁ?vi;(thymine)%?%ﬁtﬂ: » 8V & DNA % 28 %7 %] (Huet, 1985) o
Kuo 2 Hsu i& - # % 5 bleomycin 5142 eh ¢ 5474 e > & teid #2535 (linker) (Kuo,
1978) -

Hsu % (1989)3 & 12 bleomycin 30 pg/mL &% > & f@p e * 2 22w s £ o
WIS G R~ I R A AR RE 0 F B T o0 d BT o 2t
%ﬁ&s’jﬁﬁgg;@%%ﬁ#%&ﬁ%&ﬁﬁowwﬁ%%ﬁﬁm%ﬁ%
FIREB DR LM P ot 3 ERE 2 FF & L AORBERL PFL
Lk d G afrt RRERYEL Y (e SR FRAN -

AT 2 SESEINRE R L - R BRI 4 R T 08T g 0 T U L 3F Hsu
B2 hmk o HsU B2 %7 0 77 LEFIRESE A 5 335 LR 4 e F B e
e L iodr A B - W §.1.03+051% 060+£035> frx# % 2 1.03+045 130+
0.45-135+0.44 % 0.80 £ 0.32 %417 - Li % Lin(1990)i# * F $ken 2 » 23+ 8
100 & # #p kwz > v g% fragile X syndrome  frit # % 2 & B tmPe chL & H 4 ETH
ToFRDFRERNRS AP A T HARRRHSE L
e F b O RE L R R G OM o # PSR T R H e
bleomycin ek & 2 (€% pERF 2 3 4v @ 3 4c > § & * bleomycin 30 ug /mL i€ * 5]
P i@ eng ¢ HRETABE Y R A AT Y g o



¥ ¢k Cloos % (1993)# L&tk 23+ % 100 B 7 #H fmre e & 3-8 50 B fmre » 91
7 5% 0w i (reliability) fe £ 4% (reproducibility) { % 24F 5 @ ¥ F’“‘J‘& 3 @Y fs
EEdfl- BAthe » B2 2% g By KRB L) 10%) 0 37 L&A 4
E v f A s o

Bleomycin ;25 2 ¥ * — BdF i > vV IERI P ERIER L 0 F B f’?’?fz “5
r;_ VLW - B RS 7E% 0 Schantz & A (1990) % & 51 % T o 4 B A ETA B |
~1o’a33?limiﬁEwwﬂﬁﬁﬂﬁloﬂﬁ%ﬁ“@ﬁ%"fP@“””Q
o mEF 4 E@WNME - BRERE  BETF 9 LQI%)NME - BREE
r}é’;(p<0.05) o ¥ b Wu ¥ < (1995) “c - Giemsa A F ¥ 5 I et 4 %

ERE

T3 BT s HeT s o > HETA At hend & BT R R A AL
B AERAIMOPFREREHE?P TS v v T s 2SS H TR il
S B AEA VR EF S w7 A HRI M LR PrRA

Flo R A RFAAGET o AALIEY R FFL S LT G FiE-H
I FEE R o

B2 2577 LHC ,-;;f*; LT g ds b 2w = g (p<O. 001)’ e B 14 ehdg
% &7 (Cloos, 1993) » & # * S FFSEFMIE s L HA RA DL X £ X EH
WL REE Y R ***S limw B Er A ficfr 2 8(r=0.25:p=0.12): f'F
F1e -F Be(r=022;p= 0.17) P FETE - ﬁ-ﬁz(r-o.23 p=0.16)3%ix § 1A B - Cloos
FA(199)4 5 FEEFIRER A4 EI N A 1T R2FNFIE EAF ML
,?Hbé WS A g I > SR LI 0 $H %8 F 8.9% -

* i%f—ﬁwﬁﬂ&&%‘“L#A% mamlh45ﬁww&’£
B S e "4 bleomycin AT '?](’LE' S AT ez BEHI K@v)ﬁﬁﬁ&v*ﬁ
KORC 2 LHC & > H4 #45 3 \7:']“*  JER| & UE%#BF&@ o B iTeiE 2 :}p

ML P PRI H 0 4o benzpyrene » ¥ E 4 {o pb3 A F1A 2 R A e &
fo— ¥ A pS3 A F1A 4 £ & R ¥ A, - 3&k(Denissenko, 1996) o Ehr k- 4
HLv? ORFBF T RFAOTEE > - LB GERFFF > Bty B f
L3R5 2 @ 34 KRB a8 § o Bleomycin $#F = skehena > s - & 3
F= 4 benzpyrene ¥ r¥ i R I o

*~# 7% ORC 2 LHC —‘F‘{”ﬁ BT iaf ¢ HAUTA o 2 Rt AR
R AL “i")wﬁ CERE PR AERDES 2ZEF AL E - NPC It Al ORC
%2 LHC 75“‘ %ﬁ%}“f%ﬁvi’i’upﬁ el « fort AR B F e NPC Rk
5%& PEpt LR endd 2 F R4 6 o A NPC s 4§t bleomycin i & 5t
BSOS E LI TR A9 36 B Bt e s R X awr i NPC ehik il
2o 2 F - TARROES > R AL ORC 2 LHC H ¥ ¥ -



AR Y - ¥ L I 0 H i{}ﬁsﬁﬂ'—]a;‘é‘m’ B o @ 7
FRALL S ARBEFEG Y 0 9 RARATEB S R F o LB VAR
eh(Hildesheim, 1993) » 12 =& % 7% » {1 * biotin 73] 81.7% 0 Fhi o 5 EB
i+ 1 DNA (Chen CL, 1993) © f@sk * » § 8%:hf sFhgpp ¢ 41 7254 b chik %
(Hsieh, 1971) » # 4 g § vﬂﬁ%& 7 (%8 v F 3 HLA A2 2 Bw46 (Chan, 1983;
Hammon, 1990) PR TR S| vﬂ}éfv*f PHEAZ metkiritainime B EE T B A
5 3 0H LI MAER G AL GDE R ERER A E @ iFEE F AR
FREF 39 HEL I MAEFCp, )~ F - HE I MAEFLLF 2R EE
(LOH) 31 % (Hu, 1996; Huang, 1994; Hui, 1996) -

ﬁ“ﬂ‘@rﬁﬂi%“ MAed 6 P FIRIEF F oo B FPR ISR AR o kT
PSSR I T TR 0 3 S (Hsu, 1982) 0 W ALEH i hER SR I A B
T EPRS —?i BER RN L B F mi«l‘mﬁﬁy(Merino 1977) - ® 8 7]
FoAcdd s rhIFE LS FPR S e Bl 0 A & H W SR IR DB B R TR
EB i i F#edl 4 i &g vﬂiﬁwﬁa AApE B %Ut-“—i s NEE SEI R o AT A
% (Hsu, 1974) ; st A3 1% 3 DR JoFPRop ¢ 0 i &LH 8 S gpichom ir° 7 ik
FRdg A L A FMR 7 F NIt :cv%;fa‘w%m%ﬂ/»\# ko ek TR A
FEVRIBEA > PR ERDES > BERNA DE RS DELH
oo R FYR OB 0 5 2 L IR R R m@‘:ﬁ 14 (Zippen, 1962) ; ¥ £_¥
-2 h o AR RPRTFCARRRET A FDEAH R VR G AL ARG

BRI EPRRR S 0 R B ORE rE L AR R B 2R 0E S IR R
% g "WE'HU,%—; A AR @A T A FR R B EARSTE RS R
(Betuel, 1975) o iz ziEdp £ 3% 2+ 7 1 NPC 1T i::_f,w el HReyd o
e 3574 ORC ~ LHC % - » {*’5" BRPFF R B TR BB TE S “n@w’ﬂﬁ?
WBAR _’F_!— I\rr:i_a" » {2 ,,Z’ﬁ HH m%;‘;ﬁ“ﬂﬁ-}j‘g”ﬁﬂ‘ﬁ

ﬁi m#élﬁ‘c%/ﬁ’ffﬁvr}@'m’?“".-‘!:.#EIF&? , ,EEJ‘E 1"‘1"/,'1*}; # ] %
R HLrnz#g,@\c%,m«fﬁvﬂ&mﬂfﬁaf “ﬁ;]b},,\)s BECR D P dpd AR L >
Bt R L o R Edgs A F AT S o B A TFIFE L HF
R IR A 0 A LR« A EFE-HAY Do

ﬁ#m_/fi% % T Rl GRS o W E DT R A A
5 - fhimie fg v 4 PRl RE o JU% 02 E > Hsu 3 (1980)% A Fe o < $t
«f"lwf{‘% Gk A Z(p<0.01) 0@ F &I e e ]v}i P B
A % (Pearson, 1978, 1984) o jt ¢ Pﬁvﬂ}%f}% Ag ® v AM IL-2 R Bt § A F
Iu(p = 0.003) > FlZ T AL B (75 IL-2 chwb i L grH 0 @ ;. fe1 IL-2 &0
LIS JE A R - #’L A M T shening S5 4 F f(Hsu, 1991, 1995) -

A)-
Lt

= zfa%rm’t *ﬂ



AP AHBEEREIRER L 2 BRSNS R RN B R
ﬁﬁkmeﬁ 3% ‘»\éJip%:’ »bLL}%&}ﬁaArs ) ® e}g -?LFJ‘ii,&sﬁ" M P ‘l_t—f/%fiffi
HIHH P Ggen? oo > BT FFIVRER * himie LAY 0 2R
A A o e B R W SE P cnim e 3 % 3 € 5142 2R % % (point mutation) o fe ¥ 51

AR REETH B A S B S AR TR A A ¥ o et B W Jrip| i3 48 DNA
MiEd > 7 ﬁﬁt\?:i ¥ dme FAsFAR G A2 G2 Hp 2 4E £ 0 A oT e T T Ak it
s+ ek 3k 2. DNA i 48 (Kihlman, 1973; Sabatier, 1988; Legator, 1979) « A% 7 4¢
~ bleomycin 30 pg/mL #3142 eh® B imre T304 ¢ M4 4¥3c b Rl o
T > R TOFPR IR A 0 BRI A 2R EF AR o GRS BNRE
i A DNA B ARG 4 o 22 s 4 F R F 0T 1o Bt 02 bleomycin ]Sk i
FETHRERRES TR X 7 94» 6iE 0 € SIAREE FE IR PR SR o

# s CGH 9 % is » %;*Iklilﬁ’ﬁ T st L N FH A VIR L G R
12p(59%) - 1q(47%) > 17q(47%) > T 7 & & 71 119(41%) » 12q(35%) » 9q(24%) %
8(24%) ; & 4 4 03 4 ¢ 48 3p(53%) > 9Ip(41%) > 13q(41%) > 14q(35%) > k=R
¢ 110(29%) > 5q(25%) % 160(19%) © *- §& = B frd ik f FPRp i % - HRA F B
&L B A WL O AT AR S 0 X AT i) 5 11 0 17q A T
i@jénﬁﬂ‘%ﬂjﬁii ° @ f8F 00 ° F A FIH S eniEA) o 4 iE 60%(12/20) F O Fl4

;110 179 % grwg%c v F @ B_19020 F #2 % ,ggrqemg'st o ¥ LA W f F)
I%'mz&r‘]%ﬂxﬁ %_—E’ﬁﬁ}]?'ﬂ»\&ﬁ"wﬁ p%ﬂ»"%ﬁ L Ekg 1q0 8¢ 12)3
B F13 e 5 3p o 9p 0 11q 0 13q > 149 F & F14 4 (Chen, 1999, Hui, 1999) - @ ® 4p ke
Ak Flak 4 4 I A H @ g E (Kallioniemi, 1995; Gronwald 1997; Schwendel
1997)

TR F ATRL LI P B Ao (% F Frk A FI(LI, 1997; Hahn,
1996) » 4 9p21 3 MTS1(multiple tumor suppressor 1)/p16 §= MTS2 zk %](Gonzalez,
1997);11921-23 7 ATM A F](Hui, 1996):3p14.2 7 FHIT(fragile histidine triad) (Ohta,
1996; Negrini, 1996; Virgilio, 1996) ; 5921 3 APC (Jessup, 1992) ; 16022.1 7
E-cadherin L #] - iz 3912 =7 BRCA2 % 13q14 7RB1 > % & Fh§ 13921-32 &0
i 4% Jees p53 AT e 17p13 0 A "F}J%* L AR efed A3 ERE o JFDR
F2F RB 2 pb3 A FehR % H s %1“7}5 & o ¥ b q|* PCR-single strand
conformational polymorphism (SSCP) % & 71| 4 47 » 4 3 p53 £ F] T * EAZ 0T 54
Flp2l>* & WAF-1 2 CIP-1> » 25 B-R %03 % > &on RB %2 p53 & Fl«d
WY B FPR NI R E AR 3 £ & (Sun, 1995b)



7 AT eeh L M KRB FlehF 1 11913 7 CCND1 (cyclin D1)4+ INT2 ;
2p12.1 7 RASK (Porter, 1994); 12p13 7 CCND2 f- TEL;12p 3 PTHLH (parathyroid
hormone-related polypeptide) ;: 12q 3 CDK4 ~INT1 ~ MDM2 ; 8924 3 c-MYC (Porter,
1994) % - B RBp A F] > T A FNER L RT i 282 R FPRA N o F 4
17921-025 sk F13 4v s DI B Al end R A SR e B s A 5 s (Lothe,
1996; kokkola, 1997; Plantaz, 1997) - @ § %?”;ﬁ_«f&j’mCGH w4 L 4 R 1g i
F)3 4 (Forozan 1997; Knuutila, 1998) o A& F)3 4e 1130 & 12p » F L3050 5 68
%12 R LR 2 9 o (Ried, 1995; Mostert, 1996; Mahlamaki, 1997,
Willem, 1997) -

PE/ABI B ouiciFEs F gz BREEN 2 10 centlmorgan (cM) (Perkin/Elmer,
1997) > A g 23 B4 ¢ WA F1 < /| ¥ 3300cM > £ 5 %) 30 iguk A ¥ #7021 cM
@?1&%%%:%%?GMma%ﬁD%ﬁ@mmwmmmm?bﬂmmﬁ’iﬁ
& B4 7.5 x 10%# A #H(Watson, 1992) » — B ikctirh 5 5ikict 2 B &1 B ET
4 2x 10 w2 0 B Aot K i 2 B BT i bR AT F 2l E o
SRR FEL RAFEL § AR R R AT PR A el
P a2k PR ML R AR AR g Rk iR
e R R PR Y RRMERAL -

i * PE/ABI " ¥ % cfkie v H?vfﬂ?:h-#ﬁﬂ% ER AR Y EEAP T

- [FRER A T eiedrikie imfﬂ’bhﬁiﬁﬂ—*}" E"’lﬁr—@"%ﬁ-‘ﬁrﬁﬂi’
CLPRR  A g i FEEE Fam i

Hpase ¥ oM T REEARGT- L F wie "r'lé L RCET A A G PFS ER
g FEF i L o e P REREAARF s ’Eﬁig’ﬁlﬁL#—iiﬁﬁ%
ﬁﬁﬁéﬁ%%ﬁﬂ'%ﬁ%’ﬁﬁfﬁwﬁéiﬁ%ﬁ&%iﬁ¥ﬂi§?’
FIR A B ARSI R L A X ERA G - B R R ailic At
foit F e enihie A 4 &% o fF v B 0] 2 & E 5 0.5(van der Riet, 1994) - 5 pF % 7
WA BPREL R F L R ol §we 2 A AT g ff 0 A A
B &M ER S (TI/T2)/(NI/N2)<O 50 4ok #c@m 43t 1o [ Bm# Y Tl
N1 & %] &7 pimie ~ 1§ w2 RESE A Faw 4 g f% T2 > N2 A\ ‘f'vlj % 7T
KEERERn S 4 fwéiﬂhﬁ £ I:E'_sﬂ_nu % % #% (Magnusson, 1996) -

BRI fFELE e R At 0 "x"/;}cF“'“rf%?*mﬂ“c1¢$t7»—ﬁ’xv
Giemsa % & A # pFen— —F)»}a 75><106§é;z+g§ v &GS S riER AR
Tk e fhnre i B F yE e TEE o 3‘? :}H S 3R ER R %R 1 3p25.1 3 £
ﬂ. & 14+ (Rowley, 1996) ; €K 5% 11013 3 2 £ & 4(Zhuang, 1995) ; 3R> & A %

i 3p25-3pll § 4 £ & [+ (Zeiger, 1994) ; %> # F& & 3pld > 3pl4.2-3pl4.1 -
3p2113p143 11q133 -22 % 11922-24 7 P 4 B £ 44 (Huang 1991, 1994; Hu, 1996;
HUI, 1996) v £ L—._ 3i7¢‘ ¢ %Q BT A 1? L_}J’V}%'E_'\r] ’ 'ﬂflr-}\ m %'i’(}%'fi;?i °



d 3 A Flend E VAR B - B AT A 4 Y - B A TR R
¥e s - R FPRwELI MY (] RESDA et LOH r"f’J'F"'I'
TR Ee s IRFEPATAA R c FLEHFARLIME? o - EkA R
M- iERpARHY FRF SR T ‘é;é?fa—“ﬁﬁéé Q%‘»ivf?—ﬁipv‘*m’
#rrr 3 £ & e (heterozygosity) o ;e I F A5 73 F L EAR | dukiE s 1R
fa(microsatellite marker) » %t b gt e 2 F 30503 5 2 PCR~ T4 ~ @k v 1t iR

¥, m”é’fr@% Wiz e ek ey - EtRE A o Az AW
miE - X T B p LOH » # 7 1R T el ¢ B R B \HiT 0 ¥ fc 3 [ & h
%%%ﬂ’?w@%é“éﬂ’ﬁFF—icﬂﬂp%ﬁ%mﬂ& EIEE
TR R PR TR R M F R A% 30901113 14
¥4 ¢ %83 LOH (Huang, 1991, 1994; Hui, 1996; Cheng, 1997) » £ # 9p21-22 3 *
& |+ 4% 4 (homozygous deletion) o 5 &k 3 it % F gg ¢ g k4% 2= (Cawkwell,
1993) » %ﬁ“"q’ L I xi‘@“’&"‘ AL AT MR A FlEad B
ER T JI* ARk - > A F 23R I M 382 BAchEL HRie
i 74F & 3% PCR (multlplex PCR) » — * F i ¥~ 5 Bikgecnsl 3 o AR
F-TARTRrCFLBRE T RS L2 RER R ke L7 ik

T - HF o T BRRPEZEE SR A BFRHYREGR IO
Hetwrk 5 Ak kg4 ?l M z_ informative rate (7 4 #4173 « % 2. 5 A5 gt

F)E R RF 09 50% » 22 F Frdrde o 12 informative rate & 3 e P H A E R 5 7
1% A s T4 R @ M E o S EAF 0 VR € TR o BB ]
B4 B & Mant o= § 0 3p(96.3%) 0 9q(88.9%) > 9p(85.2%) ¢ 14q(85.2%)
11q(74.1%) > 12q(70.4%) > 13q(55.6%) > 160(55.6%) > 50(44.4%) > 12p(44.4%)
1p(37.0%) » # 57 3t b A & M2 prfp Ak Flend E 0 R FVR R BER >
AR M4 s 4 (Lo, 2000) o



15 ¢ * CGH # f LOH > § Flim® 3p>9p et % 4Rk Lo % 3 9p21-22
FHEPEEL S AT G RROIIRAT AL FROREELLAT L2 R
e F]pb 230 9p2l ehpl6 A FI% 2 L &P AT§ £ 2 (Okamoto, 1994) - p16 A F]=
Z multiple tumor suppressor 1(MTS1) £ #] > 2 cyclin D kinase 2(CDKN2) 2L #] > + &
F ple F-0 B 4] cdkd/cyclin D AF & 18 eiElit o Fr] o fe 1 8P (Lo, 1995) -
12 PCR-SSCP 4 /& 7 A 45 20 1 1 *FVR*> ¥ 4l > 3 B Atk 2 3 hiwme fk
(HK-1> CNE-1+ CNE-2) » %% 4 R 3 A % 4%i2 § pl6 18- % % > ¥ & HK-1pl6
A Flexon 2 2 B % — Bdk A% 2 GoA ertransition 5 & CNE-1 > CNE-2 4p
i ¥ % - Bak w42 AoC shtransversion » 2 % E i mMRNA #5424 235 JBH
exon2 @ MILE ¥ ~ @ mRNA (Lo, 1995) o & m 3 f Fhe- & e iEE ARG 1 ¥
wfe cht 4f o (e i@ % ArR ch PCR-SSCP = j% » £ & § 10%¢him™ § BER % » {7
R s Fp g ‘})Z“ﬁ #Hr AL F e FL S Rpee T % DV IRET R
B FP& L5 ple enZh R %o e £ Northern blot & HONE-T1 ‘w2 $k 2 4 & £+ n
B FVE 5% (C15) » 47 R @ ]| B ehpl6 mMRNA > 4 77 pl6 82 2%i2F R %
A F 5 F H B oaafe = %) (epigenetic factor) > 3k & F 5 pl6 MRNA j -» 8¢ 4
A oo iE- T KV (T 4% > 4o Sma | & Sac Il *# DNA > 4e% pl6
A Fen5 CpGisland 3 " A > Rl g R E BB d RIAEF RS # TR ple
A Feh 5 CpGisland § 22%(6/27) 13T it » £ 7 ¥ AL ipfEts £ hF)E 0 R
pl6 £ F1 % st 2 * > @ A5 RoE A FPg(Lo, 1996) o 4o % #-1 F e pl6 & Flik
Z (transfect) 3]4% 2 pl6 zk Flenim?e £k NPC/HK-1 > R ¥ 3 3% e fhend £ % 3
70% 12 F engir] o



33 3p b g AT o fl FPRt Rk BE At 3pld.2 «h FHIT (fragile
histidine triad) (Ohta, 1996)4= 3p25 7 VHL (von Hippel Lindau)£& %] > = p = > 3 #
FPgEfe FHIT 'VHL 2. B 287 3 o AR 2 = Blwre tk? » 7 & HONE-1 o FHIT
FIA BER % D Ser77Pro 2 GIn90Arg; CNE-1 sn FHIT #3- BE-R% > 3
CAG - CAA > e £ 23 2 MefAfen it > 8228 FHIT B8R 02 40 z}@ o
e § - Tﬂ;ni’?&ﬁiﬁ’l%ﬁ"’ s,élyzfgw}n %‘rm%]“} M A4 ER gt P W
o P A F AR o F R A di] e g £ 7 (microcell fusion) 0 #-E
PRAATRERDEZ BRI M B HONE 1 A Fipmeth » £ BIRE
HONE-1 2 = i g eiae 4 > B F LT & 5 & 3p2l3 ch® & 0 T 7 5 Frd| a2
= e &?—’r 3p21.3 3 #rg L F o ¥ #rd] HONE-1 93 4 & 4 (Cheng, 1998) -

AT RS 3 9 11 2@ Fe =¥ 133 By ¥ kb F okl
5 % A543 cal+ B0HZEPHRBRERAIT IR IH L PHEERE 7
ik A e PHRERAE NS AHRE) > THFRG4L M 75 -
BB AA S 10-10 M2 > B8 WP R 4 F B30 4k 4 e
FEZPHABRERAAD VR A PHRERA DS U AT
5l I EPAAE o8 o ,g\, PHEE RA NS A4 ¢ 1R stutter band -
PAF R o AR L ERIRILG @ REACALT AR ]l F MR inre o L E_ B ipi A d
£ 3 LOH mit;z & fr % BT 4 0l F Ry e ¥ ch % L 0reh (Lo,
2000) > & 3 3 ~ BRTEIRF L (26%-52%) ek 2 B3 3p2b. 2-25. 1 3q22. 1-23 >
3q26. 2-27.1-3q29°9q21. 32-22. 2-9q34. 12-34. 3> 11pl5. 5-15.4 2 11q24. 3- 25>
FHRAFET R BRAEMNIA G A VEIRA BF I A %Mﬁ"ﬁ’ﬁ IR
A HRER R P ABY L A B It mRL et «‘fﬁir-‘fi(Kok, 1997;
Rasio, 1995; Simoneau, 1999) c 2 ¢ %8 3~ 9~ 11 *F ¥ i 75 tdrip £ Flehipin »
2T D BR300 11 A MEAD AR A VIR R T
14 # (Cheng, 1998, 2000; Rimessi, 1994; Satoh, 1993; Uzawa, 1995) -

'E\"\ \uk ETI



SN LT A B 2R DB ETE SFRIHFROIEE > AT R
REERAR i Sl W E TR i I,% W S Heedp B M 0 % B or H3 D3S3039 At e
3p143 132 B A FE A {o s B B FVR G B F AP BE2(p=0.022) (FALAZIA)
LL '_L%4F + ., 'H} il-;g_)\/{ggz s &@,ﬂ—‘/’a\_’;ﬁﬁﬁ%ﬂg » fe ja] ﬁ.g‘i & I'J&E‘jﬁ‘f’(ﬁ"?{{»lj

e gl vﬂ/ﬁ% wre > & 17 H3c D3S3039 7 LOH » #-3 843t f eF Pt B E7 >
:‘Lma 3pl4 hH ML 0 F AR AR 0 P E ERFEEDS Y #B i
(Velickovic 1999; Hung, 1995; Huebner 1998) ; 1&3z D9S318 ~ D11S1304 4 %] # f

0 9021.3-22.21 ~ 1024.3-25 2 % =k Flak % o N2/N3 + & % 4p B 14 (p= 0035 .
p= 0.005) ; $&3z D9S905 ~ D11S1304 4 &) #1 7 9034.1-34.3 ~ 11024.3-25 z_ % i+
T % fost B e f FHE 3 B 4P M 12(p=0.022 ~ p=0.017) - } ABenE > izt L4
Bad s ¥ AR ARE > ® B REELGI AP B (Mmobe 1998; Gabra,
1996; Evans, 1998; Launonen, 1998; Winqvist, 1995) » etk » iz S % 5 Fi&-
LiFE A7 W F {5 B MET A ] FlR e & 37 1kze DIS318 -
D11S1304 -~ D9S905 2 D11S1304 7 LOH > #-75 B4t 3g | f eF PR en3g 18 o

-t ABE > BiTodR L Ao 9922-23 ~ 11024.3-25 2. & A FléE 4 > frit
#p er°r 5 o (Gabra, 1996; Launonen, 1998) ~ 7 (Minobe, 1998; Winqgvist, 1995) ~ +
¥ 57 (Evans, 1998)[‘%*’ i e fa B2 % Ap BE 12 pr Ao g A R
(9922-23 ~ 11g24.3-25)+F é‘b T et AT Flikd a ERAFPRE PER S IR
FEHERF LI B BT NI REES R0 290223 77 - BiIvRK
A F] PTC » % 4 %] &_% % patched (ptc) A Flengp vt » ¥ 5% B 5 lmre W
B0 B BRPrEEDN TGF-5 2 Wnt *% §-v 52 2k Flehi d-(Johnson, 1996) » B2 7%
Wnt & F-v F7 0 e B engk s 0 @ ERprizE o @ PTC A ehisk 4 & §
VRIS 2 P F B MR WE - B o BT S R & 11924-25 5
— 1# % %7 homeobox £ F] BARX2 » ¥ 314 cadherin 6 th& I > Frd| oF & g en B v
(Sellar, 2001) » * # BARX2 4v cadherin 6 A& Flehd B P & ihlm 7 R foie 2 ¥
£ M % BARX2 # 4 1) 4% 0 3% A Flehiw e 3 (OAW42) - ¥ 4] Matrigel
invasion ~ haptotactic cellular mlgratlon to a collagen IV signal ~ % Fr |2k 3% 5
collagen IV i & + - BARX2 39 (% 254 i "=fifit)fr % s BAR % J-v ?%’jﬁ
g o TR e AR A 3 R AT e F B L FeniE b > §F 4 Y% cn & 1 (Edelman,
2000) > 8% 2 # FP& 2 BARX2 {v cadherin 6 & Flendrd] » B B 07§ 54T o ¥
b > DI9S905 #1 At 9034 2 & Flak 4 & F B3N8k (Habuchi, 1995) - 2 H 8 % 7|
chng 49§ F PR (Shao, 2000) » # 934 4 - f@;%»'r'v%ikr? TSC1» H % % A Fld
tuberous sclerosis ;5 (van Slegtenhorst, 1997) » TSC1 # ~ Bl fa* fm%s i & % ¥
Frdl B mre ¥ d) > @ (% 5 R chen/R d] (Benvenuto , 2000) » F] & 1 & 5o TSCL fr
el ) A F AR - H AT TSCL 2 H 8 =3 9034 e &7 #rlp A Fl2 54 i o
H#p BT fRaLd) | FPR s T o

FILR YR G A IERIRT S A hie > #LOH R g BaE s f Bt
Frfp ik Flen T 2385 0 2 A F IR g3k 4 R B 3p25.3-24.1 > 3p23-21.23 >
11922.1-23.2 » # ¢ =3t 3p25.3-24.1 » 3p23-21.23 ez F1F VHL » MLH1 -
TGFBR2 ~CTNNB1 > & >3 3 = B iFE#rfg A F] > ¢ 35 ATM » PPP2R1B ~ST3 i
3+ 11022.1-232 > A end &3 T 3p gt F A ADECAFTEL > B 2 F
YA g BT E i Pl A Fl e R4 o



Fls % CGH & ¢ LOH - f Fhiim¥ 3p - Op ik % fR{{ &> £ H 9p21-22
FHEBEL S AT EHRROIRA T AL TR ORI BELLY L2 SR
e FPL 3t Op2l chpl6 A T S AT £ 8 0 pl6 A F1* £ multiple tumor
suppressor 1(MTS1) £ #] - & cyclin D kinase 2 (CDKN2) L 71> ¥ & & 1! p16 v 7 >
Fr4] cdkd/cyclin D 4F & B8 craielit 75 M Frip| fm e 1F 8P o 82 2% FHIT 7 60 3p14.3-13
28 AT A oS B f FYR T B F AR M 2 £ 21 B f FPR 2 FHIT »
p16 N p1OMF 2 T o F G F A RB(FRAID)  RA > Az Bk
¥ 5 7 & HONE-1 e FHIT # 3= @ 2R % @ Ser77Pro 2 GIn90Arg ; CNE-1 =
FHIT 2 - BER % o 23 3pld.2 =0 FHIT k- B3 BT e Fip L h
1(3;8)(p14.2;q24) 4% =% #.n(Ohta, 1996) > 2_ 15 - &3F % B ¥ #FRF FHIT hik
A~ By eodgE -~ 2 FHIT 39 B et 245 4 (Huebner, 1998) o &7 MR & +
FHIT(+/-)en | & 5 &%3 REB4 15 0 € DI 5 B B (Fong, 2000) > &4 # x5 7
£ # FHIT - B#$r7% & F] » Fragile Histidine Triad (FHIT)#t &0 3p14.2 » 3% 2L 7]
B b 2489938 FRASB > 279655 8¢ #5— < 2 DNA » ¥ 5  * 600
kb(Zimonjic, 1997) > H ¢ 23 “ & Alu £4F A7 L L F 7 % 1 kb 7 long
interspersed nuclear element 1(LINE 1) £ 4§ & 71(Inoue, 1997; Boldog, 1997) > d 5%
3 H kAT 1(3;8)(pld.2;024)# i~ B -HPV 16 g}‘; » BE 22 % %t 2E(hybrid breaks)
% pSV2neo 4% ~ B-(Croce, 1999) ° & & Meripssi B i = A FhA X > %4 48
LR ﬁé—fﬁﬁﬂ:&‘_ R FHIT # 32 10 B exon s g2 * 1 Mb enDNA + » &
fard 1.1 Kb 5o mRNA > #33 % ¢ #5exon 53] 9> ¥ #3% 4 16.8 kD ehj—v T >
+ 3 diadenosine triphosphate (Ap3A) hydrolase =77 14> 7 #- Ap3A 4 f% = adenosine
5’-diphosphate {= AMP (Otha, 1996; Barnes, 1996) » Fhit 3-¢ & d 147 i =i =
S 27 d exon 8 iR AR 0§ 5 ARG aip e 2 = B histidine
(HxHxH » % 94 > 96 » 98 i "= f¢) » % histidine triad £ 4% 1% & % (Otha, 1996) -
¥ BT aE A 4 0 Fhit 3o B S Sbmee p ch ApSA S @ 3 B35 ApAA hik R
Ap3A fr Ap4A ¥ it Rof S agimre 50 IRBR 4 o dok 0 § 14 2 DNA £ Bl
oo 2B mre N & fmre thend B4 @R s S+ (Murphy, 2000) - FHIT i B & LT
SlA= &= 2 Frd e P FHIT £- B (& & cofrifgp A %] > FHIT ch%g it
DR R A g 0 de A Y7 AR R o B et ARG AR M
Tl > 4o ¥* A (Croce, 1999) > fdd 4 e H]ﬂ}% » T4 A hR 4 o FRA3B F #
% A FHIT %% 7 L LOH @ » R enpF P AR A 2 B 759> { 2 7 FHIT
i* % (Tseng, 1999) » FHIT 4> % » § % Jp - B 74 4+ 3f (5 F]+ (Burke, 1998) » * *F »
7 HPV B 4 en3 ¢ 3% > ¥ B4E FRA3B en¥74) » @ 113 3p e LOH > ¥ ¥ 5k FHIT
ehd i (Muller, 1998) © B € & e LA ?H % 5 DNA 4o pSV2neo » %% % 4 » &5
aphidicolin (DNA polymerase o e #]) a2 (32 & w9 2. FRA3B > @ # &
FHIT 7 & 2 (Rassool, 1992) » F]gt 5 X fwpld&ff *t &R Ed F e - ¥ EBV &
d 4t~ 5| FRA3B % 3 » @ 4cid J| wFhi 7) & (Croce, 1999) - gl i &% 7 %
o g%k THFEWRfo AoRP T2 EBV $83 MBS o Sagadpddp o W
B 28 B A EPR e AR T0%:0 7 P iadl > 2 16 B 2bmom ol FRECIR R > S 5
P~ RNA {& » 1 F @459 P18 cDNA » £ % nested PCR 28 FHIT 7 DNA 2 # >
MEALBRIARERGDFE > L TP DNARGFAEI LT %% 16 B ¥
chff e s 7§ 707 bp ch ¥ FHIT &4 > 7 b & R 03 & FHIT mRNA %
% 42.9%(12/28) h A FPRtet o H P 11 B e 1 B F Bk ImRNA - B 54
1% BB MRNA G D exond 3| 7> 5 02> 184 2 & 3 i exon> ¢ 4 7



£ B et % DNA 2z 48 » (Deng, 2001) - iz#t % f £ B cheh & DNA L% f*
EBV: @it #5775 o

p16 INK4a = 1) e ) cdkd/6 » ©F & ¥ hRB AT T echimiz ¥ F IR ST im e
¥ d Glie» S# (Kamb, 1994) ; p19™F 4- p16 "* 2_alternative splicing 2 &
A f 0 A A F] X% exon 20 @ F 4 exon 1B splice @ = (Alternative Reading
Frame) ; {4 % ¢ exon la splice @ = « P19 = sl de mrr kg iR ok 2 B > A
F & ¥ Aph3 A Fs feentmte ¢ o T o Frd] myclras s c BER G AR R dp 0 A
s etk d ple NP enmE R g RV SR R AT AL 0 UEET AL
m ¢ 4% % (Sun, 1995; Gulley, 1998; Lo, 1995; Ruas, 1998) -

75 plOT A EPR e & Am o 51 PR ple ™ 2 p1o™T & B ER 3R
WA E R AT RPHEE > BE o wRE Dk F p B etk
(HTB-94) =g % % - - (Lo, 1995; Liu, 1995) » 22X A3F 2 ch= Blme R i
INK4a/ARF 7 Apfe cRBLR % > B 80 Pakih? ko e dlfis 7 > HONE-1
Fr v A4t g moe o CNE-1 2 CNE-2 .4 i ent L mve sy > 8% =
e FHIT A7 36> 2k > B X hE A e P E e B2 F#KP
FiF B FI(VNTR)Z fh3e » BRET A G @F ST IR E R Y £ F 4 o L
- KRV g ELTH LI MR HLA 1 it %‘/f’féi B R R R o

3 ¥ J_INKAa/ARF 8 45 2 5 p16 " e p19™T o Bl B = B tmoe phan e 4
intron 1 4 exon2 2 i NI A>C BRI Y > (8 K5 RT-PCR % A 7|4 47 »
BTG HRELAF o R exon 2 NREEAMRNA o AP R A A 478 RIEH
exon 2 nf e MRNA » #4389 8 22 3 b e ple " 4o plo~FF hges o @ % e
far+ Ed exonlo® #4:Flexon3 - FEiR € #F N & f£5 50 B ¥ gk
1r39 i d exon3 #Fd 7 e R pL S 18 F g3 A4 exon 1B E 445 3 exon
3o T g HFN LT 64 B Y IR > fod Bd exon3 EF A o
pit -

S B BRE AT A 8 ple N e plofRT s o Al o T R
T4 R e Hela wre § 3UBL > ik BRIFIEE B kg (FRAFIDN) 7 i
PR RO FRAREFD o AR AWM o f E AR R
F](Gulley, 1998) -






d 3t Bleomycin 32502 ¥ 11 F R I ¥E S AR X Mo T P I KRR
P BV EATR h® BRFE O T T U E S i 2L B PR 2 BRI N e A
f’— P - B A VT ARRINLRER A 0 F AR AR IR - B R
» ¥t bleomycin i A& AT H v 7 AR H FORE - 5(27% vs 8%) NIE B
},%z’% R FPt R B i BEARY 0 H#&ﬁifﬁﬁ¢¢'“ﬁ&%},§§ HFHRB 3 i
WS BRI - BREEE 2 S 0K i@ﬁcm%’mﬁ‘—ig
AT TR FPR A R FRE (% hT ym ¢ RS B 2 R &
R R PR PR RER DRI 2T FAEE o J TR
Bt o e T cﬂ)%i ETF cﬂ&,.}z»‘ %P_%z % T iﬂ_ié Ergé‘r@%)’\]ﬁ'{ s 4 fr I-t_,,’—f—;;%ﬁ,
#"%‘rpﬁ‘:ﬂ&‘mii&ﬁfi 3}"7 AR LR ik d 2 i'ﬁﬁ] ?‘L"b ° i ’&Lﬁpﬂ&‘ﬁﬁ
4 bleomycin i & s’ G5 E WL E 1Y A g0 3.6 2 0 Bt ¥ SH SR X
SR e VR OR R EAR A EF - TRASES > RERLG v T FRE ET
‘fﬂ)ﬁ’w*“i‘ﬁm °
fm“éc Giemsa A ¥ = > ’?Iﬁa"‘?“fé’?m)ﬁv‘ TG B TR ¢ H AR d
ho HETH AT A ehR ¢ T AR R A AR Y AR A Ml R
v‘ ME 245694 ER Bt > ERAFR MG BEEE- H A
£ J‘fé’vfizrﬁp 45 “"ffslf"#—*fﬂ Zd MAOFR R VRTFEDRETH 'JLF‘F
A FIRBERE  BRES OAM L AR GOAT - HFT AT - RF X
PR ARMBIE > HF{ T L0 BZAFIRBRE S P ol JHER R
Ty 2o W RALE e o
e Giemsa & F ko yE4 F HAEUTA o B3R 8 4 5 HaURE 2R
BEOEF PR LARE Bwre? PR PREAN o F - BB A DR RS0
AP R o Aok 140 Lo 4 0 RIR 7000 3R4p R 0 @ 2 F &G R DEMA | KR
AR A3 R TR LR RN o 8 A TR R
FEHAHTT xrﬂz'%pf};k o ARV % k%A 48 e |~ 47 (Spectral Karyotyping,
SKY) > &% 24487 I3 kpd - "H4F AL :é - ’K?Eﬁ"#i'l“r)’
Ad RPHT K EMETH I E LI WA A (et B )
TEE g 5:3"3%43 Mepg d Hw 2 el o oo & SiER & Tﬂ»?;.i%’?eﬁ %ﬁ
PHp o AR EMALS FE S SPCRE AL LI 5 BRI CERRS0
B2 iz o SKY e CGH - % » h- X %7 7 IR PAFIHEE 2R SKY
Bk @ s karyotyping o AR ~ ¥ Rk ﬁﬂ?'uﬁw&+ 25
i A TR 4 WA TFE ﬁ*“i"%*—’“ HenEr 2 Bhix g §Iet o 5 B4 IR ¢ R
S3BL MR A FFAFIETHEE 3 5135’£A£3“;1§’P&#E%§m’r’1%z+’sqfri’<
T 7% F](Singh, 2001) -



AP E 0 CGH 4 NPC #73 2 ¢ WA FehR T2, B2+ 3 131 B4 1
B (50 B4 A 5Bl BH )M LT BRFERZY 5 118 BRI MME(48 B
A5 T0 R A) IR 19 AR F AR o R MR E Y Lo FIH 4> 220 12p
(59%) ; @ 48 % "R B F L ek T3 4 0 220 119 (53%) - R MR e 129~9p -~ 11Q -
149 B & BT vt 50 F A g v R B F B (p<0.05) 5 1 B R e
Tog s k4 5 081 » T34 ¢ Wi4e3 38 B % - IVHHTHL WY
# A 2w 40381 0 TIHL I RHA LW 7743 B(p<0.05)-
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Cigarette smoking and alcohol consumption are the major risk factors of head and
neck squamous cell carcinoma (HNSCC). However, only a fraction of exposed
individuals develop cancers, an intrinsic susceptibility to environmental genotoxic
insults has been suggested as playing a role in carcinogenesis. In the general population,
there may exist varying degree of deoxyribonucleic acid (DNA) repair capacity. To
investigate this hypothesis, Hsu et al developed an in vitro assay in which the number of
chromatid breaks was scored in metaphases of culture lymphocytes challenged with
bleomycin in the G, phase of cell cycle. It has now been shown that mutagen sensitivity
determines a susceptible phenotype and is a risk factor for the development of a
HNSCC, as well as a secondary primary cancer. However, head and neck cancers
represent a heterogenous group of neoplasms. Nasopharyngeal carcinoma (NPC) has the
highest rate of distant metastasis among head and neck cancers. The association of
Epstein-Barr virus (EBV) and NPC is unique. Neither alcohol consumption nor
cigarette smoking has a significant effect on the risk of NPC and a hereditary
component explains more than 50% of the NPC risk among Chinese in Taiwan. To
evaluate the difference of mutagen sensitivity among noncancer, NPC, and other head
and neck cancer patients, we used bleomycin assay and compared the mean number of
chromatid breaks per cell among different groups. Mutagen sensitivity test with
bleomycin can determine a susceptible phenotype, which is only relevant in organs and
tissues that have direct contact with the external environment. Patients with head and
neck cancers have more mutagen sensitivitity than noncancer controls and the
hypersensitive phenotype has a risk for the development of a second primary cancer.
The biological behaviors of nasopharyngeal carcinoma (NPC) and other head and neck

cancers are much different.



Nasopharyngeal carcinoma (NPC) is one of the most common head and neck
cancers in Southeast Asia and believed to have a multifactorial etiology. The incidence
of NPC in 100,000 persons per year is generally less than 1 person in the whole world,
but is increased to 5.12 persons in Taiwan and 12.9 persons in the Southern China. Both
environmental and genetic factors have been implicated in the tumor formation of NPC.
Among environmental factors, consumption of Cantonese salted food and infections of
Epstein-Barr virus (EBV) are most documented. By in situ hybridization, EBV DNA is
detected in 81.7% and 100% of NPC tissues with biotin- and radioisotope-labeled
probes, respectively. In addition to environmental ones, familial clustering of NPC has
also been reported. For example, Chinese NPC patients have higher frequencies of HLA
antigens A2 and BW46 7. A linkage study based on affected sib pairs suggested that a
gene closely linked to the HLA locus confers a greatly increased risk of NPC. By
histological classification, over 95% of NPC cases are nonkeratinzing or undifferen-
tiated carcinomas, belonging to World Health Organization types 2 and 3, respectively.
Since most NPC tumors are sensitive to radiotherapy, the cure rate is relatively high if
the disease is diagnosed at an early stage. However, poor prognosis and low 5-year
survival rates are often associated with locoregional recurrence and distant metastasis.
About 18% of NPC patients suffer from recurrence within 10 years after the initial
treatment. The pathogenesis of NPC, like that of most solid tumors, remains elusive.
Environmental, genetic, and virological factors have all been implicated. For example,
Epstein-Barr virus infection has been closely associated with the development of NPC,
especially with WHO type 2 and type 3 carcinomas. Food, such as Cantonese salted
fishes, and cigarette smoking have all been considered risk factors for NPC. In addition,
Wau et al have also reported that people with human leukocyte antigen (HLA) type A2
and B16 in Taiwan had a relatively high predisposition to suffer from NPC. Recently,
evidence has been accumulated suggesting that multiple-step genetic alterations,
including the activation of oncogenes and/or inactivation of tumor suppressor genes,
may underlie NPC tumorigenesis. A tumor suppressor gene, p16/MTS1, was noted to
exhibit homozygous deletion or a reduced expression level in NPC tissues.
Overexpression of the MYC and RAS oncogenes was also detected in some NPC tumors.
Furthermore, loss of heterozygosity (LOH) studies indicated the presence of several
tumor suppressor genes at chromosome arms 3p, 9p, and 1lg. By conventional
cytogenetic  studies, researchers have identified genomic defects involving

chromosomes 1, 3, 5, 8, 11, 12, and 17 using tumor specimens obtained from biopsies,



NPC xenografts, and cell lines. Among these studies, changes at 3q, especially at
3g25-ter, were most frequently observed. In this study, we have used comparative
genomic hybridization (CGH) to survey the genomic imbalance of NPC. A total of 51
NPC tumors were analyzed. Some of the chromosomal imbalance sites detected
coincided with the sites of known oncogenes/tumor suppressor genes, whereas others
did not, suggesting the presence of novel NPC tumor-related genes at these loci.

In Taiwan, the curative rate of 5-year survival is greater than 60% in all and 80% in
early-stage NPC patients after radiotherapy and/or chemotherapy. Unfortunately, the
incidence of NPC peaks at productive age of 45-55 years old. Therefore, early diagnosis
developed from molecular genetic studies of NPC formation will potentially improve
treatment and clinical management. Molecular aberrations on cancer chromosomes have
been shown to associate with the development of solid tumors. The molecular
mechanisms of chromosomal aberrations indicate that the process of tumorigenesis is
the accumulation of chromosomal damages such as the activation of oncogenes, the
inactivation of tumor suppressor genes (TSGs), and the mutation of mutator genes
which are engaged in the repair, replication and stability of genome. These
chromosomal alterations, especially the loss of heterozygosity, have been successfully
applied to localize the regions of recurrent deletions and ultimately facilitate the
positional cloning of cancer genes. Indeed, many of the TSGs, including DCC and APC
in colon cancer, DPC4 in pancreatic cancer, PTEN in prostate and other cancers, were
initially localized through the evidence of LOH and eventually identified by the
technique of positional cloning. Previous cytogenetic studies of NPC biopsy specimens
and cell lines have detected deletions of the short arms in chromosomes 3 and 9. LOHs
were found on chromosome arms 3p, 9p, and 11qg in NPC by using restriction fragment
length polymorphism, and more recently by the use of microsatellite markers. Recent
studies of genome-wide allelotyping by 382 microsatellite markers with 10 cM
resolution on 27 microdissected primary NPC tissues also detected high frequencies of
allelic imbalance on chromosome arms of 3p, 9p, 9q, 11q, 12q, 13q, 14q and 16q. Since
recurrent deletions occurred mainly on chromosomes 3, 9 and 11 in NPC, it is important
to further refine these deletions for positional candidate cloning of TSGs and to develop

molecular genetic methods for better treatment and management of NPC.



Recurrent deletion on a chromosomal location of cancer cells can be detected by
frequent allelic loss and is generally considered as an indication for the existence of a
tumor suppressor gene (TSG) in the region. In this study, using fluorescent-labeled,
highdensity microsatellite markers for allelotyping, we pinpointed three minimal
deleted regions (MDRs) and screened mutations of putative TSGs on chromosomes 3, 9
and 11 in nasopharyngeal carcinoma occurred in Taiwan.

To evaluate the difference of mutagen sensitivity among noncancer, NPC, oral and
oropharyngeal cancers (ORC), laryngeal and hypopharyngeal cancers (LHC),
bleomycin assay in which the number of chromatid breaks per cell (b/c) was scored in
metaphases of cultured lymphocytes in 35 patients of each group was performed. To
investigate the genomic imbalances associated with nasopharyngeal carcinoma (NPC),
we have performed chromosome analysis by comparative genomic hybridization (CGH)
on 51 tumors, including 25 primary and 26 recurrent tumors. And we used a total of 133
informative microsatellite markers on chromosomes 3, 9 and 11 with an average marker
density of 4 cM for allelotyping of genomic DNAs isolated from NPC tissues and their
corresponding lymphocytes of 48 patients. Correlation of allelic loss with
clinicopathological parameters of NPC tissues was examined. In addition, putative
TSGs including FHIT, pl6INK4a, p19ARF were selected for mutation screening to
investigate their potential participations in the tumorigenesis of NPC.



The mean ages of control group and cancer groups of NPC, ORC, and LHC were
46.7+16.0, 45.9+14.5, 50.1+11.0, and 60.4+10.6 years, respectively. The mean age of
LHC group was higher than those of other 3 groups (p< 0.001). The mean values of b/c
>1.1 (the mean value of control persons plus one standard deviation) was defined to be

a hypersensitive phenotype. The mean values of b/c in the control, NPC, ORC, and
LHC groups were 0.80+0.32, 1.03+0.45, 1.30+0.44, and 1.35+0.46, respectively.
Frequence analysis showed pronounced difference between groups. There were no

control patients with a b/c score of >1.50. Of the cancer patients, 63%, 69% of
patients with ORC, LHC, respectively were in the hypersensitive region of > 1.1,

compared to only 17% of the controls, wheras 43% of the patients with NPC revealed
hypersensitive. Student’s t tests showed that ORC, LHC and NPC groups had very
significantly higher mean values of b/c than that of controls. A significant differece in
the mean value of b/c was found between NPC and LHC groups (p < 0.05).

We have performed CGH analysis on 25 primary tumors (cases 1-25) and 26
recurrent rumors (cases 26-51) that had been exposed to radio- and/or chemotherapy.
Among the total of 51 NPC specimens, 15 cases (18-25 and 45-51) exhibited no
significant CGH abnormality. The remaining 36 samples, including 17 primary (cases
1-17) and 19 recurrent tumors (cases 26-44), showed profound chromosomal changes.
At least two separate hybridization experiments were performed in each case; the
resulting CGH patterns were essentially the same (data not shown). Note that certain
chromosomal regions, such as 1pter, 16p, 19, and 22, have been shown often to exhibit
problematic CGH changes; positive findings over these sites should be interpreted with
caution.

We counted each chromosome change (including both gains and losses) that
occurred on a chromosome arm as a unit event for genomic alteration and calculated the
total chromosomal change events among the primary or recurrent NPC tumors. A total
of 131 events (50 losses and 81 gains) were found in the 17 informative primary NPC
samples. The loss events (to the left of the chromosome ideogram) appeared to cluster
to limited chromosome regions; 76% of them were observed on chromosome arms 3p,
50, 9p, 11q, 13q, and 14qg. The minimal overlapping regions were at 3p12-14, 5921-23,
9p21-23, 1lg14-23, 139g21-32 and 14q12-21. On the other hand, the amplification
events (to the right of the chromosome ideogram) seemed to scatter over more

chromosome arms than the loss events. About half of the gain abnormalities occurred



on chromosome arms 1q, 11q, 12p, 12q, and 17g. The minimal overlapping regions for
gain defects were at 1921-22, 1113, 12p12-13, 17921, and 17q25.

Similar results were found in the 19 informative recurrent NPCs; major aberration
in the total of 118 events of genomic change was composed of 48 losses and 70 gains
(to the left and right of the chromosome ideogram, respectively). Note, however, that
the most frequent gain in primary tumors occurred on chromosome arm 12p (59%),
whereas the most common amplification site in the recurrent tumors was on arm 11q
(53%). Interestingly, the frequencies of chromosomal aberrations occurring on 12q, 9p,
and 14q actually decreased in the recurrent tumor compared with those found in the
primary NPCs (p < 0.05).

We have also grouped the CGH findings according to the clinical stage of the
patients. We found that tumor samples from early stages (I and Il) seemed to contain
fewer detectable genetic changes than those observed in the advanced eases (stages IlI
and 1V). Specifically, there were on average 0.8 losses and 3.8 gains per sample in stage
I primary tumors; these numbers increased to 4.0 losses and 7.7 gains and 3.8 losses
and 4.3 gains in NPCs of stages 111 and 1V, respectively. The differences between stages
Il and Il or IV in the primary NPCs was statistically significant (p < 0.05). Although
the difference among recurrent tumors was not statistically significant, the tendency of
the increase was still noticeable, especially when comparing stage 11 to stage IV.

Pathohistological analysis of the tumor samples was performed by experienced
pathologists on 10 of the 15 noninformative cases that showed no significant
chromosomal change by CGH. In nine of them, 40% to 90% of the sample tissues
consisted of tumor cells. A dilution effect from normal cell contamination was therefore
not the major causes for the negative CGH finding in these samples. In the 15
CGH-negative samples, 9 cases belonged to clinical stages | and Il. In the remaining six
cases of late-stage tumors, the proportion of tumor was too low in one case (49) and not
determined in four others (cases 23 and 51).

Based on 3,787 informative data, we detected average 78 (59%) informative loci
per sample and 70% (34/48) fractional allelic loss (FAL) on chromosomes 3, 9 and 11
in NPC samples. The frequencies of FAL for each chromosome arms are 96% (46/48)
for 3p, 85% (41/48) for 3q, 42% (20/48) for 9p, 71% (34/48) for 9q, 38% (18/48) for
11p, and 92% (44/48) for 11g. The average allelic loss frequencies for all markers on
NPC chromosomes 3, 9 and 11 are 24%, 20% and 21%, respectively. To exclude the

random event of allelic loss and to avoid the deletion-masking problem from normal



cells contaminated in tumor samples, we only considered loci that the number of allelic
losses was over 10 cases and the frequencies of allelic loss were above the average on
the particular chromosome. In summary, we have identified 13 common LOH loci and
regions commonly observed on chromosomes 3, 9 and 11 in NPC. Among them, 8
frequent LOH loci at 3p25.2- 25.1, 3¢22.1-23, 3026.2-27.1, 3029, 9¢21.32-22.2,
9934.12-34.3, 11p15.5-15.4, and 11q24.3-25 were identified first time. In addition, four
previously reported loci were also identified including 3p21-14, 9p21-23, 11q13-21 and
11921-23. Among them, 11913-21 and 11921-23 were refined to 11914.3 and
11922.1-23.2 by our study, respectively, whereas the 3p21-14 locus was splitting into
3p24.3-p21.31 and 3pl14.3-13 due to interruption of informative markers (data not
shown).

Two allelic loss loci, 9921.3-22.2 and 11g24.3-25, detected by D9S318 (p = 0.035)
and D11S1304 (p = 0.005), respectively, were frequently observed in NPC tissues
classified at N2/N3. Two other allelic loss loci, 9934.1-34.3 and 11g24.3-25, detected
by D9S905 (p = 0.022) and D11S1304 (p = 0.017), respectively, were associated with
grouped stages I11/1V. Recent studies indicated that the allelic loss loci on 9922-23 and
11924.3-25 have significant associations with advanced stage in ovarian, breast and
cervical cancers.

After comprehensive allelotyping on NPC chromosomes 3, 9 and 11, the profiles
of allelic loss patterns of each NPC cases were constituted based on the relative genetic
distances of markers. To facilitate potential positional cloning of TSGs, the interstitial
deletions in each NPC samples were aligned for the definition of minimal LOH
overlapping regions on continuous and frequent LOH markers across NPC cases. We
selected two continuous allelic loss regions from informative cases (3p and 11q) and
defined three distinct LOH overlapping regions on 3p25.3-24.1(D3S2403-D3S4535,<
19cM),3p23-21.31(D3S1768-D3S1766, <9 cM ) and 11g22.1-23.2 (D11S2000-
D11S965, < 8 cM ) from our data. Deletion of each MDRs was found in 75% (36/48),
65% (31/48), and 67% (32/48) NPC tumors to loci 3p25.3-24.1, 3p23-21.31, and
11922.1-23.2, respectively. We compared our MDRs with results previously generated
from LOH analysis or from functional suppression of NPC tumorigenicity by other
groups indicated that our definition of three MDRs are currently the smallest consensus
deleted regions on NPC chromosomal regions.



Having identified frequent LOH regions on chromosome 3, 9 and 11, we next
searched TSGs residing in these regions and investigated their possible involvement in
the tumorigenesis of NPC. Three candidate genes, FHIT, p16™<*® and p19"*F, located
in two cytogenetic loci 3p14.3-13 and 9p22.1- 13.3 were selected for mutation analysis.
The FHIT gene was identified and cloned in a hereditary renal carcinoma-associated
t(3;8) translocation. Since then, the deletion of its genomic structure, aberrant
transcription of FHIT gene and the reduction or absence of FHIT protein was frequently
found in many cancers. Recently, the heterozygous FHIT mice (+/-) were shown to
develop multiple tumors after challenge of carcinogen. These findings strongly suggest
the function of FHIT as a TSG. In addition, several lines of evidence supported that
both p16™*® and p19"*" genes function as TSGs in various cancers. The p16'™<*
functions as an inhibitor of cdk4/6 and blocks the passage from G1 to S with functional
PRB in cells. The p19”7F induces both cell-cycle arrest and apoptosis, and blocks
myc/ras transformation in a p53-dependent manner. Homozygote deletion and aberrant
transcriptional inactivation due to hypermethylation of p16™** were detected in many
types of tumor cell lines including NPC. Since no point mutation of p16™“** in the
coding regions was reported and since the role of p19ARF is unknown for the dual
transcripts in NPC, we performed mutational screening on the INK4a/ARF locus for
examining their potential participation in the NPC. Although frequent LOH has been
observed in these cytogenetic loci, no mutation was detected in the coding region of
genes FHIT, p16™¢*2 and p19”** from 21 NPC tissues (data not shown). However, in 3
available NPC cell lines, two point mutations, Ser77Pro and GIn90Arg, were found in
the coding region of FHIT gene in HONE-1 cells, whereas synonymous mutations were
detected in CNE-1 cells. Although the biological consequence of the two point
mutations found in HONE-1 cells remains unclear, they represent a few cases of point
mutation of FHIT gene reported by now. Furthermore, an A to C transversion was
detected on the sharing junction of intron 1/ exon 2 splicing acceptor site of the
INK4a/ARF locus in all three NPC cell lines tested. The identification of this mutation
prompted us to investigate whether the splicing of both p16™<** and p19**¥ transcripts
are affected. Smaller RT-PCR products of both p16'™*® and p19*** were detected from
NPC cell lines in comparison with that of control cell line. Sequencing analysis of
aberrant p16™*® and p19"*F PCR products indicated that the mutated intron 1/exon 2
splicing acceptor site leads to a skip of exon 2 and a joint of exon 1 to exon 3 in both

transcripts.



CONCLUSIONS. Patients with NPC had less mutagen sensitivity than those with
ORC or LHC. Our results supported the different clinical and epidemiological findings
between NPC and other head and neck cancers. Our results provide a first
comprehensive view of the genomic changes associated with NPC and reveal several
new sites of genomic imbalance, indicating the possible involvement of novel
oncogenes/tumor suppressor genes in the carcinogenesis of NPC. High-density
allelotyping allows us to discover three MDRs on 3p25.3-24.1 (< 19 cM), 3p23-21.31
(<9 cM) and 11g22.1-23.2 (< 8 cM) and the correlation of allelic loss with
clinicopathological parameters of NPC tissues. More importantly, one somatic mutation
in NPC cell lines on the intron 1/exon 2 splicing acceptor site of the INK4a/ARF locus
results in exon 2 skipping of both p16™*® and p19""F transcripts which presumably
inactivates the functions of both p16™*** and p19”"* proteins.
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