Genomic Analysis of Intratumoral Heterogeneity
in Human Hepatocellular Carcinoma Using
Restriction Landmark Genomic Scanning
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5'-triphosphate ; [a-*P]dGTP, [*P]deocyguanosine

5-triphosphate; bp, base pair; dCTP[aS], 2-deoxycytidine 5'-[a-thio]triphosphate; ddATP [aS], 2,3
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HBIL5HIORE L DELRL, SARNCEBRINIREE
OHBLEDOERFTH2 (R1). BAMBL LTER 125
3B CTRIFEORKENRE L O RAERKS, 5 IFEE
&9 2~3mm HO/NIREERERRHETGIE L. 203 b
O—8E7+17 ) VEEL, BOYEBRT L. EH4,
ST BRIS— TREPNEIIRD Shier > ki,
O TR SR - 72 2 3B & SEEH X b a8k
R LEEGI 1 225 3 DR E R MEE L.

I.5A =

1. REENSE

7=y VEELEY VI L DIREERPER L, &8
BORBHOBRF X {T7r- 1.

2. @5 T DNA #hH?»

FEI VTNV EFERELEREBEOEE Y L - R L
150mM =F 1L v o7 3 vHBEER (ethylenediaminetetraacetic
acid, EDTA), 1% 5 v Y /AHiEEF + V) v 4 (sodium dodecyl
sulfate, SDS), 10mM Tris-HCl BRI EH Img/ml 7' v 5 4
+ — ¥ K (Merck, Darmstadt, Germany) T50C, 4 BERIM{LL
fo. Ze/—nzaeT L A0EE 2~ 3HEFH, =&
J —NiEBEWT T DNA i Lz, #iE i DNA i
Tris-EDTA (TE) #2##%& (10mM Tris-HCl, 1mM EDTA) iz 55 #2
L, ERHKENC TH 10k IS (base pair, bp) LA LD FET
HBH LR, A CTTRELK.

3. HFUYTEy b T Y EL K- g VEETD

BHFH Y 1 v A (hepatitis B virus, HBV) O#E&k DNA ~
DEAABREFF 7By bAAL TV IS E— v g VIZTHRE

Table 1. Clinical parameters of patients

Parameter Case 1 Case2 Case 3 Case 4 Case 5
Age (year) 59 70 57 68 59
Sex M M M M M
HBs-Ag + — — — -
HBs-Ab — + — — -
HBc-Ab + + -~ - -
HCV-Ab - + + + +
Alcohol - — - + +
Blood. T - —_ — — -
Size (cm) 4.5 4.5 2.5 0.7 1.0
Nodule + + + — -

HBs-Ag, HBs-Ab, HBc-Ab and HCV-Ab were measured
by enzyme immuno-assays.

M, male; HBs-Ag, hepatitis B virus surface-antigen ;
HBs-Ab, hepatitis B virus surface-antibody; HBc-Ab,
hepatitis B virus core-antibody; HCV-Ab, anti-hepatitis C
virus antibody ; Alcohol, history of heavy drinking; Blood
T., history of blood transfusion; Size, size of tumor;
Nodule, nodule-in-nodule lesion.

B

L7z, #hit L7z DNA 10u % #IfRE%5% EcoR |, Hind I %7
X Pvu I (BWEE, KR wTmEWbE, 742 - 2Bk
BL, =btebelo—RRA VI VLVVETAIYV TR T 4 v
Liz., =73~V F 754 4> AF L (Amersham,
Buchkinghamshire, UK.) #f\+, 3.2kbp HBV #' . .% %
[@®P] 4 F v v F =1 v ([*P]deoxycytidine 5'-
triphosphate, [a-*P]dCTP, 3000 Ci/mmol, Amersham) T£%
LTEB L. ~1 7Y &4 €— > 3 iz IM NaCl, 50mM
Tris-HCl, 10mM EDTA, 1 X5 v P&, 100pe/ml B4
F T DNA BRI TCIC T T ote. ~ 7Y &4
E—vav=trele—RAA VT Lyd I 2 XEEAE
7 = VERFEE ¥ (standard saline citrate buffer, SSC), 0.1%
SDS #E T 1=, FoOwic 0.1 xSSC, 0.1% SDS & T 2 [E%k
B, —T0CTAH— 5042057 4 Tl o1,

4 . RLGS o

1) 7ry®vrRIG

DNA 10pg =zt L, 10mM Tris-HCI, 100mM NaCl, 10mM
F 4 b+ A b —sb (dithiothreitol, DTT), 0.332M a-F4 5 + %
Y F V=Y v (2-deoxycytidine 5'-[a-thio] triphosphate,
dCTP [aS]), 0.33uM a-F *F A F v /7 7 v v=Y) Vg
(2'-deoxyguanosine 5'-[a-thio] triphosphate, dGTP[aS], 33xM
aFAEAFEEFVTF v v=Y vE (2,3 nodideoxyadeno-
sine 5’-[a-thio] triphosphate, ddATP [aS]), 33uM a-F A &' 1 F
AFvF IO =Y VB (2,3-dideoxythymidine 5-[a-thio] tri-
phosphte, ddTTP[oS] GREERGE, KBR) OFET, 50u OFIG
BT DNA KRV 25— 1 (FELE) 108 %37C, 305K
EE¢, DNA HHIRFICES = » 20F v » TR BHE L.
WTHRYREEIRBDICE5T, 05 BRIG 7.

2) v F=—27gM

EERAE Ui DNA % 1004 O RIGH I TI00EAL D HITR
EEE Not [ (EWEE) T©37C, 1RMENIGL, BL&LM LT,

3) v R~— %

®\ T DNA #B# % 33uM ddATP [aS], 33uM ddTTP [aS]
(CRPFERBIR), 0.33uM [a-*P)dCTP, 0.33uM [a-*P) T4 > 57 /
v v =Y vE ([®P] deoxyguanosine 5-triphosphate, [a-?P]
dGTP, 6000Ci/mmol, NEN, Boston, US.A) fF&E T v —27 =
7 — (Sequenase) Ver.2.0 (USB, Cleveland, U.S.A.) 208 (7%
37C, LML IR, TDOHE5C, | FFEAE L CBEY
KiFEE, IHIHIREEE EcoR V (EWif) 12T DNA # &8
LEH#EREH 10kbp UFICFHE L. 72/ —L2me7 4
N BALE, =& — VIR — R IT BN R T

4) —WRICHE

kLD lug @ DNA % & 1, 50x20%0.1cm ©0.8% 7 #
= — A (Seakem GTG 7 # = — & ! FMC, Rockland, U.S.A.) i
T 10V/em, 1TRMEKKkB 2GR 7. WBBHR
100mM Tris-HCI, 100mM -k &7 BR¥S W % FI\ 7.

5) ¥ APIcr B DNA HIBEERM(L

7% r— ABEEKkEE, DNA #&U#H4% 8mm 1§ D&M
Rz o LRSI (50mM Tris-HCl, 100mM NaCl, 10mM
MgCl) 12205 & L, >\ T12008 6z D HIIREESE Hinf | (78

acid; HBV, hepatitis B virus; HCC, hepatocelluler carcinoma; H & E, hematoxylin and eosin stain; RLGS,
restriction landmark genomic scanning; SDS, sokdium dodecyl sulfate; SSC, standard saline citrate; TE,
tris-ethylenediaminetetraacetic acid; TBE, tris-borate-ethylenediaminetetraacetic acid ; Frg, FFRIaE



FF&nfasE » 2 » DNA D& 4gk: 371

) TITC, 28EMmiE L.

6) —WRITLHE

5) TAE LA A% 50x50X 0lem D5 %AV T 7 VT
SFFA(TZIALTIF IRV T ZUAT $F,290 1)D%
pirEE, MEY 7 e —ATHEIRLE, 8V/em, TH
B, —RTEOESKEET 7. BB 50mM Tris-HC,
50mM s v &, 1lmM EDTA (Tris-borate-EDTA, TBE) BB
VI,

DI A

BN VR 35X43cm DR E I O HL, BRI L.
% T XAR 5 7 4 v s (Kodak, N. Y., USA) i 5 E#E
(Quanta I : Du Pont, Boston, U.S.A.) Z fi\-T—=T0C TH#HTH
WA— 304275 a%Tleot.

8) +tx — v DL

SZFEFIZ 2T RLGS 248 — VIEBITA ARy P DBRED
R Ticote. ARy P OKREHERZAS AL ALV TT
+3 4% — BAS 2000 (E+EHE 7 4 A&, #ZIN X b RlE
L. ABMEELELROhBHED ARy 20BOFHIE
MEE 2L L, ThIEHTAEERTEARY POIT Vg
HELE. AR PORER DNA 0o —Rctbfls o

W, =oDT VLS Not | WEREHOBETEDN LA
Hy NOBMERELEAPRD 2, —DDT7 VNV DRBEME
DBAIT L, ARy PORLALVEEIZ0 L7cD (K1), E
Bz 2B EREL, ARCEREADHREBLC I »THAX -V
@ﬁﬁ*ﬁ%ﬁtﬂiﬁ 1z,

B &

1. 9% & B

FEB 1 X ZBFEE A ER & L 4.5cm 220 FF#E % <8
A LR 2.5cm RO BB RERAGETY R o, HKEIN
BRI LSSy 1A, BHRESORBCRERY
1B, JEREEID SEBBRICK A S Wiz dEEEe 1C & Lz, 1A X
MR oS LR RIRE T, 1B iI—IC RRERE
b Hh B BT O h A LB ETH - o (K 2).
G 2 R HFEE R TR E Lic 45ecm B Mg T
Boto. —ODORBAKE L VB LSS % 2A, FTORME
DAY 2B, JEEEE 2C £ L. 2A B ABIBRERRE
MhE L T A LTI T, 2B B RARE X TS
LRI T - 7o (K 3).

G 3 2 BFEEYERE L 25cm BOMiET,

Fig.1. Ratio of spot intensities in a restriction landmark genomic scanning profile. 2 indicates the avarage intensity (a spot
originated from diploid genome). 1 indicates a spot originated from haploid genome. 0 indicates no spot.
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Fig. 2. Gross view (upper left) and microscopic findings (A, B and C) of hepatocellular carcinoma of case 1. Gross view shows
a 4.0><45-mm.HCC with 25X 30-mm nodule-in-nodule lesion (arrowheads). Open squares (A, B and C) indicate the examined
regions. Regions A and B show moderately-differentiated HCC with clear cells, and region C shows macro-nodular cirrhosis.

(hematoxliline and eosine stain, A & B, X100; C, x50)
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I hxrhEFhiEt L8494 3A & 3B, SR L o L FEGI A VERERA L DR 7RI EZE 2 E R & Lz 0.7cm &0
#ar 3C & Lic. 3A, 3B 3t RIINMEF & 23 5 ch 45 (LT BOLHITHIETH S . WO, Wiy
MR, M2 ARENERRBDLhish o1 — CABMC NI 2R 7eh o 72, FHE O ¢ BRI

B LA

Fig.3. Gross view (upper left) and microscopic findings (A, B and C) of hepatocellular carcinoma of case 2. Gross view shows
a 45X 40-mm HCC. Open squares (A, B and C) indicate the examined regions. Regions A and B show moderately-differenti-
ated HCC with pseudo-glandular pattern, and region C shows mixed type cirrhosis. (hematoxiline and eosine stain, A & B,
x100; C, x50)

Fig.4. Gross view (upper left) and microscopic findings (A, B and C) of hepatocellular carcinoma of case 3. Gross view shows
a 25x25-mm HCC with three lobular regions. Open squares (A, B and C) indicate the examined regions. regions A and B
show moderately-differentiated HCC with moderate trabecular pattern, which have no significant difference in histological
findings. Region C shows mixed type cirrhosis. (hematoxiline and eosine stain, A & B, x100; C, x 50)
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W7o - 7o 2 MALAHEMH L 4A, 4B & Lic. 4A, 4B & LEERA(LD M T -7z, BRI, REEIPREEIIRDL, - . B

2 7 L BUFRRRRE T, S B S e I E R D TRIBAICHRT - 72 2 AR L 5A, 5B & L. 5A,

Wbl ot (K5). 5B & higlifboBB B ot g T, Ml L
FEG5 L BFEA Y ER L Lk L0em BOBES{LRFH TR EMERIIBD bhich -7z (K6).

ccased

Fig.5. Gross view (upper left) and microscopic findings (A, B and C) of hepatocellular carcinoma of case 4. Gross view shows
a 7TX7-mm HCC with a homogeneous surface. Open squares indicate the examined regions. Regions A and B show very
well-differentiated HCC with severe fatty change of tumor cells, which have no significant difference in histological findings.
Region C shows pre-cirrhosis. (hematoxiline and eosine stain, A & B, x100; C, x50)

caseb

Fig.6. Gross view (upper left) and microscopic findings (A, B and C) of hepatocellular carcinoma of case 5. Gross view shows
a 10x10-mm HCC with a homogeneous surface. Open squares (A, B and C) indicate the examined regions. Regions A and B
show very well-differentiated HCC with severe fatty change of tumor cells, which have no significant difference in histological
findings. Region C shows mixed type cirrhosis. (hematoxiline and eosine stain, A & B, %100; C, x50)
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ek, WThof#Bcs T LA, IFMkad Lk
Al A80% LA £ ST,
I. 4470y bNATUEFAE—2 3 (C&3 HBV 48
A MR DHRE
FEGI 1 T3 1A, 1B e R HIBEBERE M LIC X » TRERD
ANV RRREDd. FRFREFADAYV FOPEEIIZ LA & IBT
FAEETH -7z, FEBH ICKBOTRBELLEAY FIZELA

Hind i Pvull EcoRl

A BC ABCABGZC

Fig. 7. Integrated pattern of HBV DNA in the genomic
DNAs obtained from the nodule-in-nodule lesion (A), the
surrounding lesion (B) of HCC, and the cirrhotic tissue (C)
in case 1. DNA were digested with one of three restricti-
on enzymes (Hind I, Pvu I, and EcoR [). The bands
obtained in lanes A and B were identical, whereas no
definite hybridized band in lane C.

S
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Tt mEGRA X TREDE (K7)

HEG 2 ~ 5 TIZIEHE, IEMIIC HBYV D#IGAIITED L
Rich -t

M. RLGS (C& 34/ 4 DNA #rs0ist

1. & A B LIEEMC D RLGS % — v

FEFI L (X08) © EE L CHE AT #2000BD A » Mgk
W, EES A B RIEEHC LT A L, ATH5{E, BT
BOBEDRL ~7c ARy PR DLRL. 2055 A B #
LT DIX54E T, FEMBIICH LSS CHEO#E L Ty
TR Ay ME3EME, WA LTV AE s MLIMETH 7.

FEFI2 (R9): &8 A B 2B C LB+ 5L, ATES
B, BTCOMEDBEDRs7cAKy FBEDBII. 205
H A, B @B LT RDI56MT, I LB TRED
BHA LCW o ARy ME36ME, WA LT oA HE o ML20ME
TH-T.

FEFI3 (K10) 3 A, B #3IFEHC L35 &, ATH
8, BTHIEDOBMEDR /7o AEy FARDLNI. 205
B A Bl LT 752 T, FREH LIS THEED
B LT ARy MXAUE, WP LT aEy MRIET
3’007‘:.

4 (K11 D @EE A B #IFEHC LT 5L A B 4
B EORDLh ARy P AEERDSH, “hbit
A B TRI—TH-t. FFBHICH LBHTHEBRL Tz
Ky MEEME (@ b oc e f), WAL exEy ML E (d)
THolz (F2).

FEGIS (R12) : 8 A, B #IEmC L 354 A B #
WHEWEORD ORI ARy P2 3HEDHR, A, B TH
—Thote. ThLITE TR LIEERTHER LTV
(#F2).

TEFI L 525 6 THRET 2 LAEOHEML Tuilo A Ky Mgt
ToE, WAL T ic ARy FREISEBRL SRk,

2. E¥A L B®D RLGS 22 — v iy

FEFI 1 (K 8): S 1A & 1B D RLGS 42—~ v k4 4
LEHAEDAR Y PHEOCECARD LI, ZhAbDR

Hi R 5 |

Fig.8. RLGS profiles of regions A (1A), B (I1B) and C (IC) in case 1. Arrowheads indicate spots a-d, which are different in

intensity between the regions A and B.
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Fig.9. RLGS profiles of regions A (2A), B (2B) and C (2C) in case 2. Arrowheads indicate spots a-n, which are different in
intensity between the regions A and B.

Fig. 10. RLGS profiles of regions A (3A), B (3B) and C (3C) in case 3. Arrowheads indicate spots a-j, which are different in

intensity between the regions A and B.

Fig. 11. RLGS profiles of regions A (4A), B (4B) and C (4C) in case 4. There is no different spot in intensity between- the
regions A and B. Arrowheads indicate spots a-f, which are different in intensity between cancerous (A, B) and non-cancerous
regions (C).
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Ry b oa~d O3 BIFEH 1C CRIFDBMEL B LT 205 Tabie 3. Rations of spot intensity different between
. K ’ cancerous regions A and B
LA LTW24L00 1A TLHE (), 1B TIHE () TH-
o, 125 0HALTVv2012 1B TI1E W) Thotr. F Case Spot Ratio of spot intensity” in regions
TIDB2KHEELTWADIZ IBDOIME () THoate B A B C
3). 1 a 1 2 2
IEFI2 (K 9): FEH# 2A & 2B @ RLGS »¢ % — v DLl # 17 b 1 2 1
Lotk A, FI4EDOARy F THREDOEWNED L. c 2 1 2
CDAKRy b a~n O3 HLIEER 2C KT 2HMEL B LT d 1 0 1
2B IEEA LTV BDIR2AD 2@ E n) T, 215010
B LT BDIE2B O LB () Thote. 175 2 IKHER LT 2 : g i i
WHARY ME2AD3M@E(a, b k)T, 05 1 KEBRLT W c 2 0 0
BARy MY 2A DAME (e, 1,5, ), 2B D3 (d, g h) TH - d 2 1 0
7o, Ob 2L TVWBAKy M 2A D2/ (¢, d), 2B e 1 0 0
T 1 0 2
g 0 1 0
Table 2. Rations of spot intensity different between h 0 1 0
cancerous regions A and B, and non-cancerous region i 1 2 0
Cin cases 4 and 5 .
J 1 0 0
Case Spot Ratio of spot intensity” in regions k 2 1 1
1 1 0 0
b)
A and B c o 1 9 0
4 2 1 0 n 1 2 2
b 1 0
¢ 6 2 3 a 0 1 0
d 1 9 b 1 2 2
e 4 2 c 1 2 2
f 4 9 d 1 2 0
e 1 2 0
5 2 1 0 f L 2 L
0 g 0 1 0
1 0 h 0 2 0
i 0 1 1
a) Ratio of spot intensity: 2 indicates the average i 1 2 1
intensity (diploid gnome), other ratios were obtained
as fold enhancement. a) Ratio of spot intensity: 2 indicates the average
b) In spots presented, the ratio of spot intensity were intensity (diploid genome), other ratios were obtained
not different between regions A and B. as fold enhancement.

o i

Fig. 12. RLGS profiles of regions A (5A), B (5B) and C (5C) in case 5. There is no different spot in intensity between the
regions A and B. Arrowheads indicate spots a-c, which are different in intensity between cancerous (A, B) and non-cancerous
regions (C).
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D2 (. m) TH-7z (E3).

FEBI 3 (X10) © RAEICHREES 3A & 3B O TR 10D =
Ko FTHEDEVWARD LRI, Z0 a~) O3 LIEEH
ICKBEITAHELILHKLT22L1IRKEL LTVLAD1E 3A
D2 (b, c)THD, 1hbLIKEASLTVAEDIX3ADLME
() THote. 0b LITHEL TS0 3A O 28 (d, €
SBDO2{A(a, g THote. 0 2IHALTDHDILIBO
3 (d, e h) T, 12b2ICHHELTWADIX 3B D21 (1,
N THote (E3I)

FEFI 4,5 (K11,12) © A £ BD RLGS & — vk L
THEDRKB ARy PIBEDBRIer -T2,

z =

T — D DOREREETNIC 8 W THLE D Ris 5 B OEE G
PBET DI ENMBR TV AL, WE, & {ESLioRER
PRESORIC, SRR B L TR D, B
FoMK & LEOE RSN T o EELH L TESL
A BB LTWBEAED R B Z 0 L 5 Rl
WAL R L 0 B ORISR o AN SR (tumor
heterogeneity) 3, %RENCEHEROKERTHD LHEMS
ATWA.

B S R D FEAEC L b b, — DO —E
OFEMBED 7 r—F L ERBC I VBRI TE Y, RicdHE
HPREEC BT AERET A Y/ ARFA—EBAGY 7 20 bl
LTV A, HBV i3RI fE 78 EIFAIR DNA 105 v £ 4
CHZAERDO N, EF 1Oy YT my g T Y EA
g v (H7) ORER TS 1A, 1B RO SV FEEE
¥, HBV Bfi#Z 07 / a0 UMMLIcHliAEh Twb 2 &
RN, g1, B A B LIEEMCDORLGS tx—vE
L Ut B E IR B A E BB L TELL T
WERE FRSEREDLRL. ChHEDORREI D, BHAL
B R > TOT L TRIZA—D Y/ adsbisks
Ao r—+ATcHIRRERTHS Z EavREhic.

EIETOBICES SRBERHEICL - T, 77— F ATl
HE RN S REE M T SN OB S N e D Th I, JEXE—
THDHIETOY ) BT by BT LTV B T EARERIZ R
% . p53 AAHNGIEE TR B CEBE I SRR R
BZLTUAY, BotHE TR oBERITEHMETHD?.
0 LA AR SR v M D B O RS B PORE i A & AL P2
BITIRREEIPIREENC D2 p53 EEARD Lhi®. Zhif s
MHOEEL D, X 0B Lol AR PRS2 PR
L, po3 ZEMEH I hALDEELZHND. TOBRE—D
DFHEREEE D 7 7 afiEOE{LOFREEIEL TV D L
Hihoh, ZORMIAREOBHIREIRTELT, HE
OREGE MBS 5 5 THEYRHRFIRT T TH 5.

DNA Z{boHici, —McEEmo DNA 7= 7% Hw
THbhbA, ZRITEHD DNA BlerBHT5Z LIXTE
F, —Fe—TTr ) A LO—EHNLIBRHTE I EHRTER
V. ZhIS L, RLGS BiIZFIEBRUM RmEERL, K
TEWRET A EIC L Y AD2000~3000E Lk ARy b &
LTCAF» =2V 7T 5HETHD. CARKIDY /) AEEDE
b ey ) A0% &5 KIFREIC R - THBIC K TEE
THHU, RLGS HEHM7e s/ A EEOERLYRETET,
FF DB I BT 5 4 TAEYRHRFNCIFA TS

BéEBbhickd, SEORFHCHV:.

4ElD RLGS ORI, MBENSEED D LIS
15 3 OREINREE & o FEOEEBROMIZ RLGS <
g —vDE,, by ABEOERVIEDHR, WEDY
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Abstract

To analyze the genomic change in tumor heterogeneity of advanced hepatocellular carcinoma (HCC), this study
examined nodule-in-nodule and surrounding regious from each of three moderately-differentiated HCCs, and two
independent vegions from each of two well-differentiated HCCs which did not demonstrate nodule-in nodule formation.
High molecular weight DNA were extracted and used for Southern blot hybridization for the detection of integrated hepatitis
B virus (HBV) sequences and for restriction landmark genomic scanning (RLGS) analysis, in this case by 2-dimensional
DNA electrophresis method. The Southern blot hybridization demonstrated that the pattern of HBV integration was identical
in both the nodule-in-nodule and surrounding regions in one case, which indicated that these two regions had the same clonal
origin. RLGS analysis showed no difference between the two well-separated regions from each of two well-differentiated
HCCs, and therefore genomic heterogeneity was not detected. Nodule-in-nodule and surrounding regions from each of the
three moderately-differentiated HCCs exhibited common changes in the RLGS spots compared with those of the
corresponding non-tumorous region. In addition, the profile of the two cancerous regions from each of the three moderately-
differentiated HCCs vavied written a range of 4 to 14 spots. Genomic alteration was this demonstrated between nodule-in-
nodule and the surrounding regions, in spite of the findings that the two tumor regions had the same clonal origin.
Histological heterogeneity in HCCs was indicated to be a result of multi-step progressions accompanied with genetic
changes.



