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o olat =AM (HSR), ol F4 A (double
M B2 minutes) 2 594 (isochromosome)§-°] 3
ool A S E 2 d ol WAEhE Ao RA

Az Aol 27 e K AARE 20 e e A9 QoA Yehdo] dAw B9 o5
Fge fAAE i o] FHRE MR/ EES E EAQT o daA A7 o 7hed sty
o GaAel AFsA molA Bok TURE KR & A4 DA ol o)A FHA ol 7
Aol tate] olsE TeW M FMAd JF  wslAclth ket X GaHYS wew o
olslg Majali o] Lasith @A oldk 48 A o] 4E 29 clonestd o] Ao ® FZ83 9l
Zdeo) wate Fejslo] Ark(Bishop, 1988). ¢ol  v}(Sandberg, 1990). HAl AL AFL ANA o
A FARAe) Wslg FUiAstedE ARl o] oA w EgsE o] 7| W Bt oF
=g of® A UehiExE gohlE Zlo] F4  @Holu AmWAHel S8HI UAW(Mitelman
Solch HAMEe} dMER A §¥El - T ol A 5, 1987) o}2 g tol tisleds EF Gl et &
ohf+ 4 2H(Bishop, 1985) ¢} &< MHKnudson, A e ERR-9le o]de] &8 o] gl
1985) ¢} sfrd el 13%5101 UAT ol FHAE &E T e Aotk 7rel) I AT ZE Simon
ol =dl Ao MEHFAEe] FEe vyl Ach 5 (1982)0] AxFg oz Al 2 9 FA
ShA| oA B 4= e AAA o] 4& oAl Aol g ol 4g9 A=l (Blanquet F,
ehtar vk 2FelAl fA# 283 Hdste] 2 1988)2 A17H 2} 181 FAAe] H#(Hino 5,

Mo ) 2 e A i]-(translocatlon)L Eigs 1986)¢] ® 17} 3L FH ol A1, 59, 6, 9, 2
A7t GAR | A sk w99 Ax|skar oA A2z AMA e pxA ool Bid Z(Simon
o] ZA<£(deletion)2 FHrdtel 9129 A7} 5, 1990) 0] A9} zlolm o}z FufjdfA HEE A
2ltH(Mitelmans, 1987). A =le] A3 & 2 gith A 2= HBs Ag(+)el 944 7keta) HBs

g furels AozE WAESFAY WRY(CML)H  Ag(+) GAALF 2 HBs Ag(—) HHAEFE
obd sl shgol Slrh AHEste] G o) S 4T Wl RASIEEA
A2 abl AR, FAE mye GHAG] ore] ARG FAs wa 53 BY 2ol ¢l
Ao xe] Ayt Yolog AAsE Yo o g 7ol gslatg e Yoty A B A7E Alztal
A AN E G RS Beh, 5 6(9:22) (a3 A FAo
qll) 3 ¢(8 5 14)(q24 5 q24)7F 242 YEht=20]
E A o]tHRabbitts, 1983; Groffen, 1987). 374
o) WgAE} e KEATE DEAS e e % g
o}ZE(retinoblastoma) & 241 G A A13H Z<F
of 91xg RBRrzIAte] &4 L= 7]5gohE 24 LAE
HHKnudson, 1985). 2 )¢ FAZ FAF] o4
ogx A4 50| Qe o] A A 2 FE AHY g A 3 DA EF
o) thul 4 (polyploidy) 7 44 ¢} 5w9le) 52 (Hep 38, PLC/PRE /3, Hep G2

Y o) mEe 19R2WE AP st e dipnR o) Fol RS
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2. HEuy

A G 2] Ay EA
1. BHR¥ (cuiture)

LA AN EZE 15%9) SElo} ¥ H(fetal bov-
ine serum, GibcoAl) 3%} &4 4l (streptomycin-peni-
cillin; 1,000meg / ml, 1,000units / ml)7} So]gl=
F10 wj o & o] &3] 37¢, 5% CO, wj7)o) A
st olu vjAlE 3—4duie}; wEks) 2o
W A7 shohst A FA AL W At S (sub-
culture)ske] t}A] wjokalgich hobM) EFo) wjok
& A3t 2 (liquid nitrogen)ol] m. ol A" A
EE dry ice® ol &3] wtsle, 37C FxoM F
& Baleke] 15% el YA G} SolUe=
F10u] <Fef ol A} 4 —5749 7F wj okshed o}

2. M| Z 32 harvest)

flek o) wiokE uAg hebu grobag ;o)
colcemide(10mg / ml, GibcoAl)& ml% 8% A7}
shed 90ET wigstn W oS 0.05% trypsin@}
5.3mM EDTA7} 59 9l g0 2 1327 173k
AEEE flaske] EH 02 R¥] Felsled 1,500rpmo.
2383 A E 8 02 25 (supernatant )< A
Astal vlg 37C F2d 919 39 0.075M Kl
Z4<% (hypotonic solution) 5mle- A7lsked 37¢C
TRAN I5ED AZELS FAAZ 7] n)a
st ~20C WA o] RBAE 1Y (glacial
acetic acid:methanol=1:3) 1m/Z #7}5lo pip-
ette2 410JF F 1500rpmo 2 387+ 91487 5t
FRAS el Axe dolg ) AY BAx w
AL 3-43] ¢ AAstdch ol@Astd W=
A Axgojele] igeng opziar Wriste pea
A HolE & A9 Axs 943 2y o
5o 70% 22 @TolE 2L slides FAZ 9
s & & T e Azg wHa a9
slide€ &7 ¥1 AEE5S pasteur pipetted 24}

& Gofrglo

rlo

i

3. Giemsa band'

Aok 2L oz grEolA slideE 3—4U7
J1eH YY) o Ao 2l S G bandE A
AlBFE T & slide® 60C 2 X SSC&-ell 5087+

FTo1E th Sérensen® $FAow Mojz:m &)
oA ARAZIE 33mle] Sorensen’| €432 7}
17ml o] #kekr 4571 50} Qe galo) 5-7%7
T e FA) 50mle] Z=§5o) 0.03g trypsin(1 :
250, GIBCOAl) ] o} gli= folo) 1-327 & =5

T E2E 2o Mol 49 Giemsa-§-9 o) 8x 7}
FA-S 3
g X
1. 2L 7ot

ALY DYLE B By wE A oM x
& Mgt AN E HAre Ad G ) S
45-4771[modal number(M.N.) : 46193 7¢} &
FAMA sZgront =E2A del(7q36), del
(4p16), t(1:22)(p25: pter) 52 o] o] ot
B 10% VWO R clonest © o]4S A& g1k
(Table 1, Fig. 1).

Table 1. Chromosome abnormalities in primary
hepatoma from ascitic fluid

Clonal

abnormalities

Nonclonal abnormalities %

N

del(7q36)

del(4pl6)
t(1;22)(p25 ; pter)
del(6q22—pter)
del(10p —), del(10g —)
t(3:12)(q: q)

[S2 BN G2 BN S NG I S) Il e)

2. Ziet MER

Hep 3B 7FF AlEZ3F = HBs Ag(+)2 A QA1)
T 537ell A 6370 Alold o mi (M. N. : 60), del(1)
(p21), del(6)(ql4) 2 del(10)(qll)e] 85% o]Ate.
2 clones} Hol AL del(5)(q31) % 58%00 A} 1t
Ebton datag ol t(1:11)(pll: ql3)o] 9B8%=
LA 5 A tH(Table 2).

= o]deze A Al2W, 79, 104, 209,
9, 179 2 5 =X 2 trisomy7} cloned} o] 1}
Bute™ 1 9] v) clonedt® FAAE t}4 WA
A t}H(Table 2, Fig. 2).
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Table 2. Chromosome abnormalities in Hep 3B cell line

Clonal abnormalities % Nonclonal abnormalities %
del(1p21) 99 del(1ql1) 48
t(1:11)(pll: ql3) 98 15 trisomy 42
del(6q14) 90 11 tetrasomy 42
iso(17q) 90 13 monosomy 34
2 trisomy 90 22 trisomy 32
del(10q11) 86 del(3p—) 32
12 triosmy 78 1 tetrasomy 22
7 trisomy 76 6 trisomy 22
10 trisomy 74 159+ 16
20 trisomy 72 Y loss 14
9 trisomy 64 del(3q—) 14
17 tetrasomy 62 16 monosomy 10
5 trisomy 60
del(5q31) 58
14 trisomy 56
19 trisomy 56
6 tetrasomy 54
21 trisomy 52
1 trisomy 50
AR S TR Y F Y
1 yi 3 4 5
}i 39 il 3 3 1 41
6 47 8 9 10 1 12
&b - ? 4» - o .
13 14 15 16 17 18
* s - » ‘
19 20 i) 22 X

Fig. 1. G —banded karyotype of primary hepatoma from ascitic fluid. Arrow: del(7q36).
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Fig. 2. G —banded karyotype of Hep 3B cell line
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Arrows: del(1p21), del(6ql4), del(10qll), t(1 ; 11)(pll ; ql13), iso(17q).

PLC /PRF /5 7+F A
ol A xﬂ

11

FE HBs Ag(+)
847ho A1 947F Atol= (M. N.: 88)
hypotetraploidy SEjgon] F2Z oo EA=
del(1p21), del(1g32), del(1q12) 2 17q+7} 100%
off A WA E o] del(6ql4), del(1p32)F 15p+,
Spt+ % 4p+7} clonedt Hoi vetyton] 1 9o
t(14; 21) (pter : pter)5°] clone3d}t o UAx
8] clone3d} © dAMAx o] r}elutcH(Table 3,
Fig. 3).

Hep G2 7t M x5+ HBs Ag(—) 7t Al23
2 A A= 49700 A 5470 Alol = (M. N. : 52)
hyperd1p101dy5§5H o Fx3 o)A del(1p3l)
2 del(1922) 7} 100%°1 A YEbstew t(1: 21)(p22
: pter) 3} del(6qll) = 98%, 94% = wo| Yelktdh
1 2] ¥ clonedd Y lossS 9 AAA ol A% thh
B tH(Table 4, Fig. 4).
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Table 3. Chromosome abnormalities in PLC/

PRF/5 cell line

Clonal abnormalities %

Nonclonal abnormalities %

del(1p21) 100{Y loss
del(1q32) 100|t(21 ; 22)
del(1q12) 100|13p+
17q+ 100{del(7q21)
del(6ql14) 93|del(10q14)
del(1p32) 83|t(10;13)
15p+ 83| (pter ; pter)
S5pt+ 80

4p+ 75

t(14;21) (pter : pter) 75

del(1q13) 68

del(1q4l) 68
t(3:3)(q33 ; qter) 65
del(11q12) 65

del(3pl13) 62

del(3q13) 62

45
43
40
30
30
13
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Fig. 3. G —banded karyotype of PLC/PRF /5 cell line.
Arrows: del(1p2l), del(1p32), del(1q32), del(6gl4), t(14 ; 21)(pter

om ek MEF= o]l t(1:11)

(pll : q13)°] Hep 3BellAl t(14: 21)(pter ; pter)

o] PLC/PRF /5914 G2oll &= t(1:21)(p22:

pter)e] Z}7} clonesl o} el Ho] EFo]

At

HBs Ag(+) et AlZF<20 H

PRF /5ol A ¥5#<Ql o] 42 del(1p2l) 2 del

(6q14)9§°U1 o]F9] ©]/d2 HBs Ag(—) 1% Al
FolM e BE £ giiew Al HBs Ag(—)

Q%H‘lbxroﬂ’\il del(1p31) 2} del(6qll) 2] o] A&

w743+ o Table 6).

GELE

Hep 3B ¢} PLC/

€s<

4 5
LRTRREY ARe T RALL
9 10 H 12

21 22 X Y

. pter).

Table 4. Chromosome abnormalities in Hep G2

cell line

Clonal abnormalities % | Nonclonal abnormalities %
del(1p31) 100 20 trisomy 30
del(1q22) 100| Y loss 12
t(1:21)(p22:pter) 98|5 trisomy 6
2 trisomy 98| 3q— 4
del(6ql1) 94| 3p— 4
6 trisomy 84 |12 trisomy 4
20 trisomy 60 | 4p— 2
14 trisomy 58 | 5p+ 2

9 monosomy 2

Table 5. Consistent chromosomal changes in the primary hepatocellular carcinoma and hepatoma cell

lines as revealed by G —banding

Cell Range of chromosome number

Structural abnormality

Primary HCC
Hep. 3B

45 — 47(M. N. : 46)
53 —63(M. N. : 60)
PLC/PRE /5 84 — 94(M. N. : 88)

G2 49 — 54(M. N. : 52)

del(7q36)

del(1p21), del(6ql4), del(10qll),
iso(17q), t(1 : 11){pll : 13)
del(1p21), del(1q32), del(1p32),
del(6q14), t(14 : 21)(pter : pter)
del(1p31), del(1q22), del(6qll),
t(1:21)(p22 : pter)
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Table 6. The common specific karyotype in the primary hepatocellular carcinoma and hepatoma cell

lines
Cell Kind of Abnormalities Region on Chromosome
Primary HCC [HBs Ag(+)] deletion 7q36
Cell line
Hep 3B [HBs Ag(+)] deletion 1p21, 6ql4
PLC/PRF /5 [(HBs Ag(+)]
G2 [HBs Ag(—)] deletion 1p31, 6qll
translocation t(1;21)(p22 : pter)
.
- ~
19 & -
st g o | Y
s o
17 2 3 4 5
e *a ! ’
»~ ©
' € v » »
! X ] z ‘ ‘ A - !.’ v ; ®
6 7 8 9 10 n 12
’Ie 3' : P ’ - - ¢
13 14 : T I
15 16 17 18
b
~ 4 ®, . - ‘ “ o
19 20 21 27 X Y
Fig. 4. G —banded karyotype of Hep G2 cell line.
Arrows: del(1p31), del(1q22), del(6qll), t(1; 21)(p22 ; pter).
o & FAA o) o] o APH R gk dstAFY
714 & o33yl et E A o) go] dds
Aol olMe 4o TFO wet B8 A4 2 gol3ty AAZ APHAAM B 5 A ¢ I
A ol o] A= fA) dF Yt (e g BA A olde YR BRI 53 g v
o lojA B& =& F3 Uk 2y nF o AEgo] T3] A2 Rz AX £E& A7t
Me B F4A ol o] MrEE I YR 1 Aol 20 gol AEfATgHoZ A7E Bo] A
o ¢ EFeta gt S5 B U 5F ot} 7Hke BE 7+ virus(hepatitis B virus; ©]
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7hore] M T oA SR o]

& HBV) <} @A #A7F e ¢Oo2A o] HBV
7} &2 b Eo] ArglE o] 01“* ARHEES A3
A=A old nET
Agg = Qa3 z}]ltﬂ 2 9‘?3-4 A #£(Simon 5,
1982)0] W o)z A17AH I} 184 F2A o M=
9] B3 (Hino %, 1986)7} 2031 4q9 Aw<
(Blanquet &, 1988) 2 94A A 1,5,6,9 ¢ 229
o} F+x% o] 4(Simon 7, 1990) Fo] B ¥ o] gl
ojub 1 A= 7h7k )

2 AgeMe A dsteMe daA E23)
olulAd (diploid) THAANE F27 o]go] wE
10% ©1%F2] clones} =] A %8 o] &7l WA H
olg HS 47} otk whde] HAMEFME T

5 547 JAAE AY 5 A9k =, Hep 3B

o

L

FAA 47 ko]l (hyperdiploid) &
ebd Ae AEFe YAASHAEA v PGl
AEEAe A Woletil F5E ANA 5
9o Az ol de Al FMA A s wol
FALATE 1p21 9oy AMY1A(Amylase,
alpha 1A)% amylaseo ¥ 5= 2215 0] &af3}

1 (Stephen ¥} Brien, 1990), 6q14 -]l CGA &
# 2} (glycoprotein hormone)”} 23} (Hoshina
%, 1984), 10ql11 -9lolii= ADK ## #7} 2 510
o] o= & FAE ofA #ET AL gtk
11ql3 *-¢lol = SEA ¢-#72ke} HSTF1 &/ =k
} A3 cH(Donis-Keller 5, 1987). dukd o 2 9
ol 7k AfE Al A
A o] Sjx|eh, Azbe AR A A 9] 94X
9} 2 %) 3tc}(Sandberg, 1990). 18|22 Hep 3Bl
M= AMYIA, CGA 2 ADK7F 4724 &
A8 E9E 7hsAde] i SEA ¢} HSTF1ES &+
Az2 A A3 I9S 7hEA o) ok
PLC /PRF /5 AEF= G4 71 HA A
g Be olntxe AEEE
o] endomitosis } endoreduplication® ZA#= 3
Mslojlch q7ldA vepd x4 o) s
1p2l # 6ql42) Z<&2 Hep 3B 9 2Shot 1932
4 1p329] &2 100204 AR A= A Aol
CR1 #A27F F2lol= MYCL1 /3 =7 zhzt
EA) scH(Wilson 5, 1986 Ibson &, 1987). Yuty
02 QM 7} BolASEE F2A o] AR Wolx
A=A (Mitelmans, 1988)8 H=x3td
RF /5 oA &8 % cloned}t © 72

244

(hypotetraploid) %

= 73kl

T ]

PLC/P
A

obd7t F&drh 99 ¥ UPHMEFE F3 H
Ag(+) A EZ=2x HBVS oAV QgRoz
Z%]o] HBV whole probeZ southern 3t @_1]' Lok
FRORE IRAHAJHA Lx 2H). &

Eel EAistn dcka Azhgch ofF HBV7P Eds
AE FAH Y o] Ko AJHEAE HFs] =
23 JqAY 11q22(Bowcocks, 1985), 1p21—22
(Shauls, 1986) 2 17ql12 —23(Henderson's, 1988)
F9loll 4dE 7hssdel AAlE vk Aok 1p2l 9
= F HNEF F3] A 100% oA 2&ES JE
o] HBV7} 21 €1lo] opdrh 73] A|Alsl Fr.
ey 6qldE o}d HBVS} #AZE glez o o
3= 2Tk CGA A 27} hormones £E3t= {4
Q1 Mg 7t w) CGA #3474 7159 2L
BT P59 S st s WA

dR0z AAHG. AatHgd QoA AfH e

B4 BEA GG Aol AAYLSRAE B
QF3l¥ Hep 3Bl 9104 SEAY HSTF1 3=t
7b B4 Aeloldne A7 A o $F o

7l gk B E Aol v Bad R grh
PLC/PRF /5 AEFoMe 53T 449
TZ2A o)io] wALR o HE AP S g
22 Hep 3Bt g Aol ojx¥ o2 MYCLIL
AR Sol "Pgez Ax FHNHE Aoz
Hrh
A HBs Ag(—) T
1p31 2 1q22¢] Z<o] 100%
o= GST1 #3A7F &A4) 811 (Seidegard 5,
1988) 1q22 *¥$lol= DAF Adx7 &A%
(Rey-Campos %, 1987). 6ql1 ¥ ¢lol&= CGA #HA
27} &2 3l (Hoshina 5, 1984), 1p22¢+ SKI
A =7F &A%t} (Chaganti 5, 1986). ©] A=
7} hepatoblastomacl 4] 71¢1¥ M 3Eo]x1 HBs
Ag(—)AE 7l &w GST1 #A#et DAF &4
Z7F FARAAZA dxpHQ AR Qe
CGA A7l @S F11 thA] SKI A7t
doE d3Agdg geAdoz Aot $9
A s =23 8 mw oS3 2ok
22l E HBVZF AMY1A €3} £& B2
A o] fHAte ZlEAE WA GAE g
CGA A NEzd 58 FEAINERA] ¢
st & Wl AlRsle Aok o g HH bRt
7} % dHEZoR(HAGHAME HMEF H22)
433}yl Ao m AztEal Hep G2 22 42 3

4
] JlNy
y

0{

9l Hep G2olM=
oA UehtEd 1p3l
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HBV
] oncogene
Hep 3B AMY 1A — CGA —SEA ¢} HSTF1
PLC/PRF/5AMY 1A— CGA—-MYCL1
Hep G2 GST1 — CGA—SKI
DAF

(unknown factor)

HpdAre) 75AAE A8 CGAS) HEZEYH
o] felo] Ba AR BYSE o] Ao
2 AP ARk 58 1Yol E COA &
AR AT e wP WA Jone &
o) W& nEAYel auEh

Y

2 o

7rdel 21ojx] HBVS #d® 93atd
ste] QA kts UM EF(Hep 3B, PLC/
PRF /5, Hep G2)& tjdoz b3 @ 7HeHA|
E3E st G-band o2 FMAE x7Halo
NESAH o BN dAns
TN Gl e BALGYAT
ulgte 2 cloned}t Hlo] A ekdrh. Wl 2k
EFA e gaAoldo] ZF clonedt Hol A=
tl Hep 3Bol| A& 1p21 #9120 A&7 6914 5919
A& t(1:11)(pll; ql3)el Azdol =Ao1
t} o]5 FAH ol R9loli= AMYI1A, CGA 2
SEA ¢} HSTF1 ## 7} £3)3l% k. PLC/ PRF
/5 MEFoNME 1p21 2 6ql149] A& Hep 3B9}
2orom 19 132 2 1p329] A<E9] cloned} ¢
AQ T o] 2o CRI # MYCLL §d zp7} bzt
ZAsts 2 9Ach Hep G2 AIXFo)A& 1p3l 2
122 9]¢ A&o] 5A°]U1 GST1 # DAF &
W27} 6qll @ 1p229] A& B 9ol= CGA 2 SKI
FAA} 242 2AEE 299 919 Agg n)
Fo] wo} 7tete] 3l g & HBVZF AMYI1A #3
A 79} ZAol 4t Elo] o] Rz VN E
Yoslx v} CGA FHAF NERETHE 44
AlA &atngS w7 AlREld i SEA, HSTF1]
Y MYCL] 22 ¢f3ze v ddFez 19
AZRe gz AYztE]v} Hep G2 22 HBs Ag(—) &
o ojw Yelo] GST13 DAFOl 715 3<HE o
S AAN CGAd 93t A zzd5d g Jasted o3t
FAL vy AFegdn SKI Az} etz o

tlo
e

7]

f

b

2 48R0 F38c} of
FAR A geHsh BAUEE
AR} el wAE A%
¥ A e
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Cytogenetic differences between hepatitis B positive
and negative in hepatoma

Sung Ik Chang, MD; Sang Heun Baik, MD; Hong Tae Kim, MD

Department of Anatomy, Keimyung University

School of Medicine, Taegu, Korea

To a better understanding for molecular mechanism of oncogenesis in hepatoma, primary
hepatocellular carcinoma and hepatoma cell lines(Hep 3B, PLC / PRF / 5, Hep G2) were subjected to
detailed cytogenetic analysis with G-banding method after cell cultures. No cloned chromosomal abnor-
malities were found in the primary hepatoma(below 10%). On the other hand, all hepatoma cell lines
were cloned, the specific chromosomal abnormalities in Hep 3B were del(1p21), del(6ql4) and t(1 ;11)
(pl1 : q13). Genes of AMYI1A, CGA, SEA and HSTF1 were located on 1p21 and 6ql4 respectively. SEA
and HSTF1 were located on 11ql3.

Regions of chromosome abnormalities in PLC / PRF / 5 were the same found in Hep 3B. Besides,
del(1932) and del(1p32) were also cloned. Gene of CR1 and MYCLI were located on 1932 and 1p32 re-
spectively. The characteristic findings of chromosome abnormalities in Hep G2 were del(1p31) and del
(1922). And GSTI1 and DAF were located on these regions each other. Del(6qll) and del(1p22) were
also found in Hep G2. From the above results, it is presumed that HBV may integrate to AMY1A gene
or near this gene and leads to loss of functions to this gene. And impaired regulation of CGA occurs in
next step. SEA, HSTF1 and MYCLI oncogenes may act as a progressing factor of tumourgenesis in
HBsAg(+) hepatoma. Some factors like chemical agents may cause functional loss of GST1 and DAF at
first and functional loss of cell regulation of CGA occurs in next step. SKI oncogene may promote the
progression of carcinogenesis in this cell line. Whether any causative agents are involed in
carcinogenesis of hepatoma, fuctional loss of CGA gene is the most important factor in tumour-genesis

in hepatoma.
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