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Progressive reduction of telomeres during
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ABSTRACT

Telomeres are repeated sequences located on both ends of individual chromosomes in eu-
karyotes. The sequence of human telomere DNA consists of guanine rich tandem repeats
of (TTAGGG)n, which can be 10-15 kilobase pairs long. Telomeres progressively shorten
with age or population doublings in somatic cells in culture and in vivo, since DNA and so-
matic cells do not have detectable levels of the enzyme, telomerase, which adds repeated
telomere sequences to the 5 ends of DNA. Telomerase activity has been detected in im-
mortalized cells in vitro and tumor cells and represents an important difference between
normal and cancer cells. Telomere shortening has been assumed to cause a critical
destabilization of chromosomes, growth arrest, and possibly cellular senescence.
Telomerase activity and the maintenance of telomere length might be an obligatory step in
the progression of human tumors and the immortalization of cells, but the basis for regula-
tion of telomerase activity in tumor cells is unknown.

The length of terminal restriction fragment (TRF) was studied by the Southern blot analy-
sis in hepatocellular carcinomas (HCC) and their-surrounding tissues (chronic active hepati-
tis; CAH or liver cirrhosis; LC) in 6 HCV antibody-positive, 7 HBV antigen—positive and 3
virus—negative patients with HCC.The average TRF in all the 3 types of HCC were sig-
nificantly shorter than those of the surrounding tissues, i.e., LC or CAH (P<0.01 by
paired t test). In order to verify the findings, the TRF of HCC, LC or CAH in additional
6 HCV-antibody positive, 5 HBV-antigen positive and virus—negative patients were
analyzed, and taken together, the results revealed that the TRF progressively shortened during
hepatocarcinogenesis (normal —CAH —LC—HCC) at least in HBV- and HCV—positive patients.

Thus, the present findings strongly support the idea that a persistant cell proliferation or
rapid cell turnover by damage of hepatic cells results in a multistep process of hepatocar-
cinogenesis, and further indicate that the TRF reduction is strongly associated with
hepatocarcinogenesis. (Accepted on Junuary 9, 1995)
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BAEORELRFRET I T, MlE0#E L
CEBCESEE L TWAZ EBHELMICEN
T&E/. i, THATRTFOAV—AEWDT
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BAATRICRZ2 2BHE LT, flzidfeso
EWMOTRATICOAFERTNL, 1EODNA
BHECEL, dEORILALTFEATEL 2D
v b (—BOHE/MET HRIOEA) ZiFE< R
STCTFRATO2BEOWTNLERHFE>T LIk
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BARETHTFOATREL, A—0#faERED
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FE, B () CEDS FaATROERD
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1984: B cell prolymphocytic leukemia

1985: malignant fibrous histiocytoma

1986: pre T cell acute lymphoblastic leukemia

1987: human renal tumor
cardiac myxomas

1990: human colorectal carcinoma

ovarian tumor

lung tumor

1992: acute leukemia and remission

neuroblastoma

1993: chronic myeloid leukemia and acute lymphoblastic

leukemia

acute myelocytic leukemia

hepatocel lular carcinoma
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YT 0y METERICHIE - fHiichs LD
o TE. E6IT, 19M4F F TITBIIcES
THATROFMLOBENERESINB L DTk
-7 (®T7) 8. -k ziE, BE—-EEERHE,

B EBRALAERE - B FEHRE T INSIiEOS

BEMELTWAZ EABEDICLDHESQ
7229, COMICIBEYE, g TOT O AT OEN
fLbEINTWS. A6, REDHE, Bl
DOETICEV T O A7 BEMET 2BED KB
29, MEFEMREDY, AR Tchani. 4l
ZITKBBRL 3P OWT, &, EEBRKBIC
mzT, BEEAKODNATLIER XN, BESA
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#1. HCVHUBBHBREDOZITHRED TR AT K.

Case No. |Diag.Ed.Gr.) HCC size* chemo.| TRF
(Se x, Age) (mm) (Kb 3 4 5 6 7 8 9 10
H%IV M.46) HCC (m) 36 + | o
’ CAH 8.3 WA/ /7 7 A /A
2 (M56) HCC (1) 55 - | 4.9 N
’ CAH 9.4 7777777777777 7777777777777
s s HCC ( m) 108 + | 4.7 R
M59) | can RN /77 /777777777777
HCC ( T) 50 + | 4.2
4 (F,64) E—
LC 5.2 P
HCC(1s>1) 20 - |37
5 (F,70) I .
LC 5.2
HCC () 42 - |36
6 (M72) I
LC 5.0
7 MSD) | HeC(r-m) 45+ | 5.0 EEEEEEEE
8 (M60) | HCC(1>1) 60  — | 5.2 NS
9 (M63) | HCC (1) 17 + | 3.6 -
10 (F66) | HCC(I >m) 25 - | 48 —
11 (M74) |HCC(1>1) 66  + | 3.5

ag. : Diagnosis, ED. Gr.

HREFMRECOT O X T EROEMED, RED
#5T (stage I~V, V-S) ¢BEIEDbL-T
ELTWAI EHRENA. DI, MNEAMRF
DLW & EMFFORMM (F/3EHR) DN
ADFUOATREWRETS &, BEROTOXT
PEFBEOZN LD HEIMELTHB I L BRD
Shi.. ARSRBAEHEEAmKE (CML) T
SMELAR I TREML, o<—h—BIEEE#
BERELTNTh, FTOATEIMEAICEME

LTk, TheaMilboEc L LB5E L,
BRAICLTEATEOUEDPEREERETHS L
EHELTWwWA CGRESE).

—i1z, BEIIDNABERBOWR, &4
DNA % L RBEFORREEROTE, B
FOEMLCEIMNEEE T OREL - REL E%
FET L EBA T AHRBRAREROERICL -

: Edmondson grade, chemo.

: chemotherapy)

THEULBEEZLNTWA. BlziE, KBERE
DOBETIE, APC, K—ras, DCC, pb53,
MC C DRIETEEDPKBHE->XBIRE-KE
BOLBETETNZNERD L REETHICHE
LTk (K8), BiE, & g FEH
FEEIL LE  DIEE TEEEAER ORI R
BmINTW5S. SEREZER/BICEWT, FHEA
7 OEMEITBEIRRENEOFE L BERA D
D, SREEFLTEBETERYBOTEH#ESH
TW5. BE, RIRT IO, FOATROE
MAREL, FAlRoEL EFERECRDTE
BB BHB I LBELN IR .

I. FERELTOATR

FRESAED A 1 = X AR D730 OEERE 7 —
FEBLHENT, UTICOWTKRE L.
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#2. HBsHIRBHEZEOEREDT B AT K.

Case No. |Diag.(Ed.Gr.) HCC size* chemo.| TRF
(Se x, Age) (mm) (Kb 3 4 5 6 7 8 9 10
H?V (F.43) HCC (I) 147 + | 6.2
’ CAH 6.8
HCC (m) 40 + |32
2 (M,55)
CAH 6.0 (/77777777777
3 (ME2) HCC (I) 100 + 5.2 [
CAH 5.4 PZ7777777777A
4 (MGS) HCC (@) 65 + 3.6 I
’ CAH 5.4 V777777777777
5 (F.56) HCC (I) 20 + 4.2
’ LC 5.2
HCC (1) 22 + 5.2}
6 MeO) || ¢ 5.4 B
HCC (1) 19 + |59
7 (F63) | ¢ -
8 (M43) | HcC (1) 129 - | 3.9 .
9 (M53)|HCC (m) 100+ | 6.1 |
10 (M,56) | L C N.A. - NA | 5.4 ‘
11 Me2)1LC N.A. N.A. | 6.0 i
12 (M,41) | CAH NA.  NA. |10.1 Pl 7777 A7 7 A A A A 74

R, i, REERORZE, TFEVFVVSE BEE (L¥EREOHRSE TRFZRT.

OFF e (HC C) & xDIFE (FFREZ :
LC, BHEITFL : CAH) TOFRATE
DEEAL.

QEEF»5>CAH, LC, HCCO 3HRE
L FBERE R E T RBTOT O AT ROEL.

ORI O WTIE, A4 W ADREE & B,
BERE, EBEoS{LE (Edmondson 5%), 1k
HEEOFE LT AT R EOMEE.

1) #k e

FEFIE, BECKFIFIESE | B, BRRER
HEEE | BEORERR, Bl vy E—T4
BB S NIRRT SN REARTH D,
HCC¢7zDIEH (LCBLUCAH) #1641

(FD>L 6 FIBHCVHMEEHE, 7THHPHBSs
HEBM, 3PIRYA VAR TH-72.), Ei
REMAIC X D IEEFARa%T 4 6, SBHRIICEIER

TN HFES - FEEIROXT THLINILD - T
%% (HCC, LC, CAH) #1264, 53261%
BT, FOA7EZHELL. O3 BITHITL
HEREDBRIT SN, LFEER, BRIk cH
CCo1EHIBNPEERL, LCORMEDLED S
HRZIOKUTFICNZ 5720, BEKFERERE
1 B CIRE LR 2.
FNTFhORMGE LD 7 £/ —)V7 Bk
WEODNARHEL, ZODNA 5 g ZHIfREE
FHinf I THBT L7z. CODNAKH %0.7%7
H— 24 i\ T, 20~40V T, 12~16KF
MIESKE L. %E#, DNARZFADOUVT 4
WHE—=NPS VAT 7y—L, TDT 4 IVE—%
2P CHREER L (TTAGGG),F Y IR 7
FFFETu—7L LT, 50CT—BNAg TUX
A AL7z. 50~53CT2ET 4 WF—%H, &
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%£3. VA NWVAESHBEOLXFREDT O AT .

%
Case No. . HCC size TRF
(Se x. Age) |Diag Ed.Gr) TR T chemo| ) 3 4 5 6 7 8 9 10
HCC (II) 74 + 140
NV-1  (M,59)
L C 5.4
2 pey |FOC (D2 + |45 RN
' CAH 0.4 [P/ S S A
HCC (II) 36 — 5.2
3 (M,88)
prelL.C 6.0
4 (Mg6) | HCC (ILM) 42 + |66 |
N-1 (M,13) |Normal Liver N.A. N.A. 106
2 (M,81) |Normal Liver N.A. NA |78 ]
8 (M70) |Normal Liver  N.A. N.A. | 83 ]
4  (M79) |Normal Liver N.A. NA. | 89 ]

KR, G, FEESBOZE, T REVEVVAE EBEE, HEE0EE TRFETYT. £1,
F2OFRLEDLET, EEHFOTRF EOEE#RA TS

Sl O— T %% & Lok, 12~158fEA— S5
DA TS T 4 —FTFolc. BOENICAATROY
TFHIVORBEDOY —7 %5 /Y /) A—X—THH
L, ZOBBE»LTFRE AT ORI (terminal
restriction fragment: TRF) %#Rk®, £1~F&
3%B. IOLDIYYVTOy MEICKOHE
FZL7TRFOEHEF—22EH - IEEMOXT
Tiipaired ¢ test, JRZEM Tilone way
ANOVA, Mann-Whitney test {Z &V, #HEt
AU ALER U7,

2) BR

FOATEIRE (AR, HHl, F#, K
B2 lr, Edmondson 5, BEE, {LFERED
FE) LOMEBSICOWT,

1. B—AZOFER (HCC), JEi (L
CkLUCAH) OFuATROEKIZLD, £
FHC B W TER DT O AT ROHFPENTH 7
(X9).

2. ZREM (EEF BB R TR
ToFFfaRE) ©, REOETHEEICH -, Ik
LEBARIC T O X T REOEMEBRDH Hhis (R
10).

3. HCC, LCEBWTFrATEIRX, 74
WADBERBEIIT LA EEEI N P57,

4. HCC Tk, zoEER, #tE (Ed-

mondson 8 I ~1), 1bFEEEOFE S OB
A FERNC DD 5 7.

5. IEBHOTRF T, 5.0KbRiHED L DL
Moo,

DR LY, il M#E) & Bt
LW 2 0DBRE LTI AT EOBEEICOWTR
BWANALMALEELLTICERNS.

3) BE

FFEEBDOKERS B, FRIVANVAERAE L,
ZORTHEICBRFFR YA VA, CEFETA
IVARERICEFR, FEZE, g\ LHEEIES
CERBMOEETHA. BRIICHA VE—T
© O VERERL EOBMEFROBERE, FFEZEORRE,
BINFEORROI-ODOEHRLa— (US), C
T, MR I, m%&&& (Angiography )7 ¥ OE
G2, BEE<—h—-TOoRKL CRIARR, &
Tz —VEAFE (PEIT) 24898
B FOREBFIC O OWTEREALUE LTV 5.
A VAREON— FELEAZ ETE, R
BAEEBIRIEERIEVZWS, —BEU AV
ARHAZT, ThHBERINZWEE TIE, &
LEDORBIZ OV THTFED VNIV OBAPEE
Lirh. TDT L X FEREBOBETGERIC DI
BiEWIWEEZONS., —IC, VA VAR
i X AFFEER, VA VAR R Z ik
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K9. HCC, LC, CAHZLTEFEFOTOATERZRTYT 70y b. FEEE & Hig L OB
DOFaXTEFEL, EEFLHELTERE (HCC, LC, CAH) oFaX7EiZHE.

DHEHEMND L ZRERIEE N L THENE
£, EIEEHE LS. Z LT, ZTOEEIIRFMR
OMfRGHOTEZRL T, BERRIEINS
BREZOFERZERTS. COERFEORR
EERT AERNAAER, FFHEER 7O 1
DTHAHGFOERZH/IHT. ThiZHi\T
EHTAHTGF- g oyfEO+H T, HGFICH
35TGF- BOEMIC L DELN LM<
U v 7 Ao DEEA (R RS MR O HETE (R
REIT LD, FRAEE, FEENCREZHEES
®HLEEZOLNTWAWY,
ChOOHRBEETOATEOBENLANT,
TOXTRIIMESARROEETH D, D
ERIEIC L ABEIL, REAEDTORA T RETHE
EilhompIcEIMEI B EEZOLNS. BT
MBDNAICS VA ACHARENS BRI A )1
ADNAMPBE Y L W ADXBETORE, &

HIZCE A )V ADHVR (hypervariable
region) DERWO Y, 4 VA & RIE L OBIR
DEELEZONS. L2L, THATEOEN
i, DA IWVAOEESHE, ZOHEE b I3ERS
RTHY, TRFIHERBDORRBIZEKFETHZ &
o, KFRICET S T0 AT REOERERE/IME
X, FROBEDELEZRLTWALEZLN
5.
IEH FF 18t TR EN MR R — FF 2 — B M A~
EREDETHET S ICHEVEDLN S TE A
TROE/MET, BRERTIE, MI0LDHC
VisBEOE A, #1470bpTH Y, HBs #iR
BiOEEIL, #1310bpTHD, oL CHIv A
WADF AL LT WEABRD b/ D
DRKEHERIBDE»o7. LhrL, 1EY4:
DDOTFTRXTROE/IMEAH33~T0bp & T NI,
CE7 A )V AD1470bpid, HIRERE T21~45%
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(Kb)
10 1

NV JHBV | HCV

HCC

L C

K10. WEOHEEBICH D T X T7OEME. TNENORELZ VA VAOBER L FETHR LHFERA

DEREE TOFHT AT EK.

5, R E T63~135E 5 D flaDZIC L 5
FFARaD N ADARZERZFEL, BEY A LA
DEBEHITEKIT 51310bpid, HBIHRER T19~404E
G, RIEETHI~120F5 1M T 5. IEFFM
fa, BEFFAOFME, FEEOFMIL, Zh
ZHEEER TORWIRDON A HDD, REFE
B, BREEANCIE, —R¥ - B—DfFfifaT
H5. LhrL, TOATEORERNS, My
b, BBHWIRFFRIRROGEMADNA LIV TO
ZALIIEERICTITATEY, T0EICEISDN
ATRREMEDERED, BILOEBIT 25 LHES
n5.

ZDEDIT, MlamsHEOTUE L AMan®
IEBREBER SN, FOuAT7TERBEIMET AEE
i3, FEEE COFEE IR uo—F VBT
Fanwic®d, BEOHEZ A THWAITHEER .
L Ltz W OGHER L Y dEHoTrn AT
ERENTH DL 2, BZT Tl EBLOBE
KSHDNADREERNEEH I LERTEEZ
bh5. FEECESE TODNAORRE®RD
TCHER, RBOEREED, BEICEDARET
BOEALBELZ/-bT EELLNS (K1).

HE, BEE T, N-ras, lca, c-myc, est2,
HIP, IGF-I/z oA vayv—-ve/u ity
TV~ VOEEA AL 2122, PKC (a
- etype) 7z EOFREANDOBEE R, I HICAT O
4% (L OH : Loss of heterozygosity) 23
Hufafk1p®, 4p, 4q, 5q, 8p, 10g¥, 1lp, 13
q, 16p, 16q, 17q, 2220 THENALNAH I &
» b, BHHRETOEE, OLBRENLEL
DHRIIhTE. FHETE, BOH&EFp 5
3 DIEENBHETE TII0R UL L EBHREICRD S
), BELFHEOERICEE L TwALEEXLLRN
TWh. F-p 5 3B XgeneBESMEETHH L
7=, cell cycleG 1/ SBITHTCdk 2
(cyclin dependent kinase 2) ¢ #E&EXHE T
594 70 VADBREGEFICBEFLYA VADN
APHAZREND EHBBHH LD, BREMRRD
MR~ OT A W ABEZ ELHBLOOD
D), FEIHRET & RAY & TEELRBERS
BHZEDD, TOFFICBITHSEDT—FD
ERPPFEIN TS,

LTAT, TUurTREL AL ORETHD
P, BEVOIFERTOATRERELTNAED




138 ZIHMIE - HEEAKE - FRDERE

. ’ X : progressive
Legional | ormal CAH — L C —»:(AH) — (AAH) —» eHCC —» HCC
Change | liver § CH —¢ .

RF (& Z! i
average | / :
4 / :
70 years | 3 % :
old 2 :
1 % |

course Senescence (Aging) Carcinogenesis

M1l. FREOREICES T AT E L, FOXTREREL, OEBZRIEXN

NEWOHIBERDS. HBRERETHIATLHE,
DNADHREZERLFEY D/-bT L5 R
BRITELFZFHFANTLGN TR, Thicgzid, 7
0O A7 ROEMEBTEEE S/ b T FREESE 2
bhs. DNADRRERDSREEY DT LW
SHEMHIT—RELWA, TEATRIIDNAD
ALEED 1 IFEICEE 6T, BV TiX
FOAV—RAEWSTEATHEEEOER K
EILTELNARNETHARWY. #-T, Ebz
3759 TRF &b L7-EHaO TR Fid4xHE
BRI % ¢EZ2ONEA. AP TIL, 5.0bp
RGO T O AT ROFAMEPRD BN HIEFEIRIT
BEINhah o7, BT 3IKi—ED L UVEL
TOTFOATRETHHALERDY, 71X L—2R
EHOFETER T, ZOEREIL5. 0bp &
DHPIIEETHS EBBINS. Wb, M
BRFuAT7RERO—EBDEIRERD LFRILES &
I TWABR, FOA7REROEIMEIC LD EMR
B & SHAIEICE S\ WOk, AR ClimEsEs
EWFE A L — AR, Bl TLEElE N,
BOEFBILES LORVWEEILTOIA T 2 HES
FTCWEEEZLNAMLTHY, EOIT, B
HERH LWL EE A SRR EICHRE L
e 7=, FETIR—EOES (§5.0kb ?)
P2 TICHEHIN TS, LEZLHFVPEICH
S TWAE>TH5S. 2%0, Bl TITREREN
2, TEATE=DNAOREZE®RDEEL LT
DOFOATOEME+TOAV—AEHIC LS T

OX7OMEE, FRETEZADNIH LNV,

L AT, HelafifgdiZ TR FA15KbELE & &
W o bt TDEDIEEEIRHBTH B, cell
line OFFICITF T A L— RIEER LR L RES
DEWHDLH Y, cell line & AEEPHORE &I
R AZ b, cell line DAREEHITEBAT
DEMEOTREZER LIZRETHD, TRFD
F—Z LT hEEAEICBEVWTEE Lxhidax s
. TEATOR/MERREEOERTZRFTH
B, BEVWSISREBEHREL TWBHDTIRERLS,
TLABLLIEWOREBETOATRERE L
TWsEHELONA.

L L, FHEREOARB TT O XA 7 HAEMET
5& L Th, IOERTOinitiationD#E %18 % #
BFERICOVWTIE, KARE LTEFZINTWE
W, A JVAOES - AECHEOERRE (17~
12mn) &4EBARICIEIRO T 1O A 7T RPIFEH D%
NICH L TEAME T 5085813, FRHEOETHIC
B 5 pS3BEFONEL L ABENL ODEXGE
LT EEinitiation DRF S TH T 5 AT REM: R E
T 5. Kk 5DNABEEBEFOREVEE L
TWADMPDENE .

. FFEOFEREE L TORBBERBIRD
FOXATE

FHERERTOTOATROBLER/RS72D
I, FHREORHERE & ah 5 RAREREY
g% (Atypical adenomatous hyperplasia: A AH)
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ot s WA N N fxb"ﬁ '
12. REREFKEMR (AAH) OFEMEMR HEZE) (x300)

HLALHLHC
Lo St fleofla]

H H H_ N
C C B V
v VvV V
K13. AAHBEEOESH & IFEHHEHC CREOHEN LI CHB LY Ty b (L
LC, A:AAH, H:HCC)

(K12) #IEEE T & & HICTEATRE (TRF) F2A8E/IMELTED (K13), AAHOTRFIiZ
FRIEL, ThOHOERICFERTAZLITER 4.0kb, LCOTRFIi16.1kb Th-7- (F4).
LEZbNS. EHEOPRERUCESATIIEEE YV 7oy FTE, AAHORES & AKRHCHC
ARk (LC) L0EEW (AAH) ©f2, TR  VHGEB#HEOHC COES, HBs HURBE#HOH
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F4. MI2OEFLMOFESR (HCC, LC) ¢&EKLATOIATR.

Case No. |~ Tumor TRF
(e x. Age) Diag. (EA.Gr) 4j,e (mm) chemo. (Kb) 3 4 5 6 7 8 9 10
HCV Hce (I>I) 20 - |37

1 (M59) || o 54 B
Hev AAH 20 — |40

2 M54 || ¢ 61
HBV Hoc (1) 20 + |s.0

8 (F56) || ¢ 54 B
NV Hce (I) 74 + |30 -

4 F79 | caH 5.7 YPIIIIII777777
TA VA, HR, FE, REEBOZE, T FEV RV VS, BER, {bEEkoFE, TRFEFEZR
g

C COEESI, 7 A )V AEDH C COEFIZ AV,
ZTNhOHTRFOHEXSE L TWS. AAHD
BRIX, 852 Tdil, §ETRELUCFER
MO Tid/n<, &H (HCC) HYDTRF
THoro.

AAHIZ, HCCORERELZ 2 ONY, I}
BB, (adenomatous hyperplasia: AH) &
i, BROICEIARPELEEBICANDDE
HIEABEINAZ EBEVERTHS. L
L, MELH7T—FIVERE, EBZR LD,
BICAAHTOTOA7ENSHCC LRZEOHE
ftz’RLDNADREEMREELTWAHI &n
b, AAHTIIZBILORKREL LTOL CLiZ
POPICRZHBETFEAPELTVBH I LT
5. CORETAAHIZFEREOTERRELE W
S2E0L LAFDTHEE LTOREZES LIRD
7RAEBEEE 2 5. AAHDRIEREETIIZ BT
Z2LWEWS T LILL,AHL LIFAAHDOES
W—AELLT LS. bbb, AAHOM
BAICHCC (&HLR) PBETSH LD
i3, B bESLEHC C (Edmondson I #)
PIZ X BITESLHC CHRET S L (nod-
ule in nodule) & 7 O —J )L 7n R4 B8 TIEE W
CEETHD, AAHIIFEOS LRI X 558
D12 AREINTAREETIT W, firAH
DFOATEPAESINNE, S OCHEERECE
BRbM BRIV, COLDICAAHIFE
FJE Oinitiation COREF LA BF T 5 &l%
EBETHY, AHEHIIREDOA = X LBHD

BXLixnEs.

S8, MEDNADPLTOATREZHET 545
TFEWFNEROBERS L Sh, TRAV—AE
HERNLHEOBHIIZIND I LICk> T, B
BOALZLT, BOYLEEDLDDOUE, BiE
MRS h, BRREIC L 28T - BETFBREANGH
ShBHIerfifFENns.
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