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ABSTRACT

Regulation of telomere length and telomerase actityi in dysplastic nodule
of human multistep hepatocarcinogenesis

Kwang Jo Chae

Department of Medical Science
The Graduate School, Yonsel University

(Directed by Professofoung Nyun Park)

Aim : There is Increasing evidence of human mutistepimagenesis and dysplastic
nodules (DNs) are considered as a preneoplastionleelomere shortening and
telomerase reactivation is an important early ewéritepatocarcinogenesis; however
their regulation mechanism is still unknown. Foattlieason, we describe that the
maintenance of telomere with telomerase reactivatiowas studied in
hepatocarcinogenesis for the characterization afdrbine lesions.

Materials and Methods : Three chronic hepatitis (CH), 10 cirrhosis, 7 ¢arg
regenerative nodules (LRNs), 30 low grade dysplagidules (LGDNSs), 6 high grade

dysplastic nodules (HGDNs), 3 DNs with hepatocalicércinoma (HCC) foci, 11



HCCs, and 4 normal livers were included in the gtubhe terminal restriction
fragment length (TRFL) and telomerase activity (TW&re examined by Southern
hybridization and TRAPeze Elisa telomerase detedtib

Result : The TRFL and TA showed significant differenceswsssn the LGDNs and
HGDNs. Most LGDNs had similar levels of TRFL and Té those of the CH,
cirrhosis and LRNs, however, 17% of LGDNSs revealhdrtening of telomeres up to
the levels of HGDNs and 7% of LGDNs showed highelswof TA. The levels of
TRFL and TA in HGDNs showed no significant diffeces from those of DNs
with HCC foci and HCCs.

Conclusion : Telomere shortening and telomerase reactivatiauroparticularly in
the course of transition from chronic liver diseas®l LGDNs to HGDNSs, but not
from HGDNs to HCCs. Accordingly, the changes obmeérase length and TA might

occur in the early stage of hepatocarcinogenesis.

Keywords: Telomere, Telomerase, Dysplastic nodule, Hepdtdasetarcinoma,

Large regenerative nodule, Hepatocarcinogenesid)dsis



Regulation of telomere length and telomerase actityi in dysplastic nodule

of human multistep hepatocarcinogenesis

Kwang Jo Chae

Department of Medical Science
The Graduate School, Yonsel University

(Directed by Professor Young Nyun Park)

I . Introduction

Telomeres located at the end of the chromosomesoanposed of tandem arrays
of a short DNA sequence, i.e. d(TTAGGG)n in veré#bs’. Their multiple functions,
including stabilizing the natural end of the chr@mme and protecting it from end-to-
end fusion, are crucial to cell viability. Telomsea which synthesizes the telomeric
DNA, is involved in both maintaining and regulatitiee telomere length The end-
replication problem, or the inability of DNA polymases to complete replication of
the end of a DNA duple% results in a shortening of the telomere in prtiporto

each cell replicatiof.



The maintenance of the telomeres, together withatttesation of telomerase,
may be an obligatory step in the development oftnasors. Contrary to normal
cells, immortalized cells in cultures and cancdisde vivo exhibit a short but stable

telomere length, which is maintained by the actiohthe telomerase.

Recently, there has been increasing evidence agingethuman multistep
hepatocarcinogenesis emphasizing the preneopfestice of the large nodules, which
are referred to as DNs or adenomatous hyperplsidowever, the decision where to
draw the diagnostic line between dysplasia (notayetCC) and a well differentiated
HCC is often difficult. The histological differeation of low grade DNs from the
large regenerative nodules (LRNS) in cirrhosisas easy, although vascular changes
such as unpaired arteries and sinusoidal capiitoiz are helpful® and the pre-
malignant nature of low grade DNs appears lesdueddhan that of high grade DNs.
This borderline category is currently an area oftaaversy, which leads to confusion
when trying to compare studies from different irtigggors. Telomere shortening and
telomerase reactivation has been reported in thelg@ement of HCC from chronic
liver disease, however, these changes in low agld iiade DNs are still not cledr

12 To characterize the borderline lesions of humaitistep hepatocarcinogenesis, the



telomere length and the levels of TA were studiedhronic hepatitis (CH), cirrhosis,

LRNSs, low grade DNs, high grade DNs, DNs with H@Cifand HCCs.



II. Material and Methods

1. Tissue samples

The nodular lesion was subdivided into 5 group®bews; 1) large regenerative
nodule (LRN), 2) low grade DN, 3) high grade DN,IN with HCC foci, and 5)

HCC according to the standard criteria of an iragomal working party (Figure 1).

We studied terminal restriction fragment (TRF) fgm@nd telomerase activity
(TA) in 7 large regenerative nodules (LRNs), 30 Igrnade dysplastic nodules
(LGDNSs), 6 high grade DNs (HGDNs), 3 DNs with hegadlular carcinoma (HCC)
foci, 11 HCCs, 3 chronic hepatitis (CH), and 10rhoisis of 13 patients (male:
female= 10:3, mean ageSD= 47.5:7.51 years). All patients had hepatitis B virus

related chronic liver disease.



Figure 1. Histological features of (A) low grade dysplasticdule, (B) high grade
dysplastic nodule with small liver cell dysplasarpws), (C) dysplastic nodule with
hepatocellular carcinoma foci (arrows), (D) hepa&ibdar carcinoma with

trabecular pattern (H-E, 100x).



2. CD34 immunohistochemistry

The neoangiogenesis of an unpaired artery and wsadal capillarization was
evaluated in each lesion to support the diagn&ssial sections of each lesion were
immunostained with monoclonal antibodies againghalsmooth muscle actin (Dako,
Carpenteria, CA) for the detection of the musclalger of the unpaired artery and against
CD34 (Biogenex, San Ramon, CA) to detect the sidakoapillarization, as previously
described. The numbers of unpaired arteries were countd® irandom fields at 100 X
magnification. The CD34 expression of the sinudcéd@othelial cells was evaluated as
follows; grade 0, undetectable; 1 + , staining ofne sinusoidal endothelial cells
occupying approximately <10% of sinusoidal liverl cgurface; 2 + , staining of
endothelial cells occupying 10-30% of the sinuddidar cell surface; 3 + , staining of
endothelial cells occupying 30-50% of the sinuddider cell surface and 4 + , staining
of endothelial cells occupying >50% of the sinuablier cell surface.

For use as controls, normal liver tissues wereio®tbfrom the resected liver for
benign lesions or metastatic carcinomas of fourerpatients with the age range from
42 to 74 years. The controls did not have the litepairus, and showed relatively

normal liver histology, with the exception of a chfatty change (Figure 2, Figure 3).



Figure 2. Histological and gross picture for DN low gradé\ bBigh grade, and HCC.
The differentiation of HCC was evaluated accordimgdmondson’s grading system



3. Tissue extraction

A tissue sample, wash in cold PBS buffer 2 timesl, then, weighing 15-3@g,
was pulverized with a pestle under liquid nitrogand re-suspended in 200 ml of the
lysis buffer (1X CHAPS buffer) provided with thetkin which the RNase inhibitor
(Ambion, TX, USA) had been added to a final concaign of 100 unitsi¢ prior to
extraction. The cells were transferred to microtubaed lysed using the freeze—thaw
method. After centrifugation at 15,000 rpm for 3Gnmat 4 C, the protein
concentration in the supernatant was measured asingtein assay kit (BioRad, CA,

USA).

4. Genomic DNA extraction

The genomic DNA was extracted from the tissue sanspbred at -80'. The

tissue (3@g) were powdered by grinding thoroughly with a pesthd mortar in liquid

nitrogen. The tissue powder was scraped intd icrocentrifuge tube filled with

600l of extraction buffer TNES (20 mM Tris-HCL [pH 8400 mM NaCl, 5mM

10



EDTA [pH 8], 1% (v/v) SDS) containingnt/m{ of proteinase K, and 2@g/m{ of
RNase A. The samples were incubated &t 58/ernight with shaking gently to avoid
aggregation. Equal volume (600 of phenol:chloroform (1:1) was added to the
extract, followed by shaking softly at room tempera for 30 min and centrifugation
at 13,000 rpm for 5 min, and then the upper aquebase was transferred to a clean
tube. The process was repeated twice to clear agudtase. One volume (620 of
isophenol was added to the aqueous phase, and roaretully by inversion. The
mixture was then centrifuge at 13,000 rpm &t for 5 min. the pellet was rinsed with
70% ethanol and allowed to dry briefly in air. TR&IA was finally re-suspended in
3000 of ddHO, followed by rocking gently overnight. The quayntdf genomic

DNA was determined by UV spectrophotometry using16@1 (Simadzu).

5. Telomere terminal restriction fragment (TRF) lergth analysis

The telomere length was measured using Southernridigdtion. Ten

micrograms of genomic DNA, digested with 100 umifsHinf | overnight at 37C,

was obtained by ethanol precipitation. The Hinfdedted DNA concentration was re-

11



measured by spectrometry, and two micrograms wartiénated on a 0.7% agarose
gel using electrophoresis. Typical upward capillagnsfer was used to transfer the
DNA from the gel to a nylon membrane. Hybridizatiwas carried out with a 30-end
DIG labeled d(TTAGGG) (Roche Molecular Biochemicals, Mannheim, Germaaty)
37 T for 5-6 h. The hybrids were washed and detectetee@smmended by the
manufacturer (Roche Molecular Biochemicals, ManmheBermany). The resulting
X-ray film was scanned with a luminescent imagelyaa (Fujifilm, Tokyo, Japan),
and the telomere signal in each lane quantified mrid object, defined as a single
column with 25 rows, using the Image Gauge Softvabd (Fujifilm, Tokyo, Japan).
The mean telomere restriction fragment (TRF) leagthlculated by a previously

described methot.

6. Telomeric repeat amplification protocol (TRAP) asay

The telomerase activity was examined by a telomeejgeat amplification

protocol (TRAP) using a TRAPeze Elisa telomeragedi®n kit (Intergen, NY, USA).

In order to determine amount of input proteins meglifor the assay, TRAP assays

12



were initially performed using 0.05-ig of the HCC lysate. As the amount of protein
was increased, the activity increased, and reachedaximum at 0.2ng. The
maximum activity was maintained between 0.2 anddl Wherefore, all the TRAP
assays were carried out with On2 of lysates. The assays were performed at(30
for 30 min for the telomere extension in 4X TRARusion [20Mm Tris-HCI (pH 8.5),
1.5mM MgCh, 63Mm KCI, 0.005% Tween 20, IMMEGTA] added/&2TS primer,
2.51ug BSA, and 1.25 mM dNTP, followed by telomere anigdifion by 32 cycles of
two-step PCR at 94C for 30 s, and 55C for 30 sec in PCR solution included
2.5mM dNTP, 5ng NT primer, 0.1pg TSNT primer, an& 2init Tag polymerase
(Promega, Medison, USA). As negative controls, tymates were heat-treated at
85 T for 10 min to inactivate the telomerase priorhie TRAP assay. The activity
was semi quantified using ELISA according to thenofacturer’s protocol. The series
of reactions were performed in triplicate or quadinate, and the mean value taken as
the activity of the sample. As an aid to data imtetation, direct visualization of the
TRAP ladder was accomplished by 12% polyacrylangeé electrophoresis, with

ethidium bromide staining.

13



7. Statistical analysis

Values were expressed as the melanstandard deviation (S.D.). Statistical

analyses were performed using the Chi-Square anthM&hitney tests, as deemed

appropriate. A2-value <0.05 was considered as statistically sicguift.

14



III. Results

1. Clinical and pathological findings.

Seven LRNs, 30 low grade DNs, 6 high grade DNsN3 With HCC foci, and

11 HCCs, were studied in 13 patients (male/femal®:3, mean aget S.D. = 47.5
+ 7.51 years) (Table 1). All patients had the hejsaB virus related chronic liver
disease, including 10 cirrhosis and three chromipatitis (CH). The diagnoses and
size of the lesions for each patient are summaiizdéble 1. Seven patients with an
explanted liver were found to have multiple nodulesions. All nodular lesions
showed no or very sparse infiltration of inflammatoells. The differentiation of the
HCCs was as follows: grade 1 in 2, grade Il in 8 grade 1l in 4, and all cases of the
HCC foci in the DNs were grade |I. The HCC of patianmber 7 exhibited total
necrosis due to a pre-operative transarterial cleambolization, so was excluded from

further study.

15



Table 1. Clinical and pathological findings of thepatients

Patientno. Age Sex  Pathological diagnosis of

nodular lesion (cm) / background liver

1 49 M LRN (1.0, 1.2), LGDN (1.0, 1.0, 1.0, 1.3311.6), HCC
(4.5)/cirrhosis

2 51 M  LRN (0.5), LGDN (0.7, 0.8, 0.9, 0.9, 1.02){cirrhosis

3 44 F  LGDN (1.3), HGDN (0.9, 1.2), DN with HCC idd.0),
HCC (1.6, 3.0)/cirrhosis

4 52 M  LGDN (0.5, 0.6, 0.9), HGDN (0.8, 0.8, 0.89)) DN with
HCC foci (1.2,1.5), HCC (1.3, 3.0)/cirrhosis

5 32 F LRN (0.7), LGDN (1.0, 1,2)/cirrhosis

6 48 M  LRN(0.8,1.5), LGDN (0.7, 0.8, 1.0, 1.0, 1123, 1.4,

1.5,1.5, 1.5)/cirrhosis

7 48 M LRN (0.9), LGDN (1.0, 1.0), HGQ3 m)/ cirrhosis
8 56 M HCC (4.0)/cirrhosis

9 54 F HCC (4.0)/cirrhosis

10 40 M HCC (11.0)/cirrhosis

11 60 M HCC (11.0)/chronic hepatitis

12 43 M HCC (15.0)/chronic hepatitis

13 41 M HCC (15.0)/chronic hepatitis

Abbreviations: LRN, large regenerative nodule; LGDdWv grade dysplastic nodule;
HGDN; high grade dysplastic nodule; DN, dysplastadule; HCC, hepatocellular
carcinoma.

®Total necrosis due to pre-operative transarteti@moembolization.

16



The neoangiogenesis of an unpaired artery and dttals capillarization is
summarized in Tables 2 and 3. All cases of nornvar,| CH, cirrhosis and LRN
showed less than six unpaired arteries per 10 Xfielfs, and they all showed no or

grade 1 of sinusoidal capillarization.

Table 2. Number of unpaired arterie§ in human multistep hepatocarcinogenesis

0-5 6-15 16-25 26-35 >36
Normal 4 0 0 0 0
CH/cirrhosis 13 0 0 0 0
LRG 7 0 0 0 0
LRDN 9 19 2 0 0
HGDN 0 3 2 1 0
DN with HCC foci 0 0 2 1 0
HCC 0 0 0 0 11

Abbreviations: CH, chronic hepatitis; LRN, largegeaerative nodule; LGDN; low
grade dysplastic nodule; HGDN, high grade dysplastidule; DN, dysplastic nodule;
HCC, hepatocellular carcinoma.

Per 10 fields x 100 magnification.

17



Table 3. Semi-quantitative assessment of CD34-pdsé sinusoidal endothelial
cells in human multistep hepatocarcinogenesis

0 1+ 2+ 3+ 4+
Normal 4 0 0 0 0
CH/cirrhosis 4 9 0 0 0
LRG 0 7 0 0 0
LRDN 0 10 17 3 0
HGDN 0 0 4 2 0
DN with HCC foci 0 0 1 2 0
HCC 0 0 0 0 11

Abbreviations: CH, chronic hepatitis; LRN, largegeaerative nodule; LGDN; low
grade dysplastic nodule; HGDN, high grade dysplastidule; DN, dysplastic nodule;
HCC, hepatocellular carcinoma.

18



The neoangiogenesis increased significantly acogrdio the following
progression, from LRNs, to low grade DNs, to higadg DNs, to DNs with HCC foci,

and finally to HCCs (P < 0:001) (Figure 2).

Figure 3. (A) Sinusoidal capillarization demonstrated by iomohistochemical

staining for CD34 in low grade dysplastic nodulBiN§), (B) high grade DNs, (C)
DNs with hepatocellular carcinoma (HCC) foci in thight side, and (D) HCCs.

Notice that clearly increased sinusoidal capillizn with the progression of human
multistep hepatocarcinogenesis (LSAB, original nifagption 100x).

19



2. Telomere length in human multistep hepatocarcingenesis

The telomere terminal restriction fragment (TRF)g#h analysis demonstrated a
gradual shortening of the telomere according thegmession of human multistep
hepatocarcinogenesis.

The telomere lengths of each lesion are summainizédble 4 and Figure 4, with
a representative result shown in Figure 5. Nornvalr Itissues showed TRF lengths
ranging from 7.3 to 9.2 kb, which showed no siguaifit correlation with patient ages,
which ranged from 42 to 73 years. The TRF lengiinged from 6.7 to 9.4 in CH, and
from 4.6 to 10.5 in cirrhosis, which showed no figant differences from normal
liver tissue. The cases of cirrhosis with co-existdCCs showed a relatively shorter
TRF lengths than those without co-existent HCCgidpts 2, 5 and 6). The TRF
lengths in the LRNs ranged from 4.2 to 9.2 kb, Whieere similar to those of the

cirrhosis.

20



Table 4. Summary of the terminal restriction fragment length and telomerase
activity in human multistep hepatocarcinogenesis

TRF length (kb) Telomerase activity {#-Asg0)
range MeanSD range Mean+SD
Normal (= 4) 7.3-9.2 8.3+0.92 0.5-0.7 0.6+0.08
CH (n=23) 6.7-9.4 7.8+1.44 0.4-0.9 0.7+0.30
Cirrhosis 6 = 10) 4.6-10.5 7.3£1.69 0.3-1.8 1.0+0.50
LRN (n=7) 4.2-9.2 7.2+1.88 0.4-1.6 0.8+0.40
LGDN (n=30) 3.6-104 7.2+1.97 0.2-2.9 0.9+0.56
HGDN (h = 6) 2.9-5.1 4.0+0.89 0.8-2.8 1.7+0.75
DN with HCC (= 3) 3.6-5.3 4.5+0.85 0.8-3.1 2.3+1.39
HCC (h=11) 3.4-9.3 5.5+1.89 0.6-3.3 2.1+0.97

Abbreviations: TRF, terminal restriction fragme@t, chronic hepatitis; LRN, large
regenerative nodule; LGDN, low grade dysplastic uled HGDN; high grade
dysplastic nodule; DN, dysplastic nodule; HCC, hegeltular carcinoma.
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Figure 4. Comparison of the telomere length (in kilobasesa normal liver, chronic
hepatitis (CH), liver cirrhosis (LC), large regeaire nodules (LRNs), low grade

dysplastic nodules (DNs), high grade DNs, DNs wigpatocellular carcinoma (HCC)

foci and HCCs. The lesions are denoted by diffesgntbols according to the patient

number.
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The low grade DNs showed a somewhat wider rangeRéf lengths with most
showing similar TRF lengths to those of LRNs andhaisis. Five (17%) low grade
DNs (patients 1, 3, 4, 5 and 7) showed short TRigtles of 3.6-5.1 kb, which
overlapped with those of the high grade DNs, angly,tfexcept patient 5, had
synchronous HCCs. There was no histological diffeeebetween the low grade DNs
with a short TRF length compared to the othersauthFour low grade DNs (patients
1 and 3) showed increased neoangiogenesis of Gradginusoidal capillarization, or
16-25 unpaired arteries per 10 fields at 100 x nfiagtion, and had relatively short
TRF lengths of 5.1, 5.3, 5.5 and 5.9 kb, althougré was no statistically significant
difference. The high grade DNs showed TRF lengamging from 2.9 to 5.1, and a
significant shortening of the TRF length occurnedhe transition of low grade DNs to
high grade DNs (P = 0:0003). The TRF lengths in Bk the HCC foci ranged from
3.6 to 5.3 and from 3.4 to 9.3 in HCCs.

There were no significant differences in TRF lesgththe high grade DNs, DNs
with HCC foci and HCCs. No differences in TRF ldmgivere shown in relation the

differentiation of HCCs.
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Figure 5. Southern blot analysis of the telomere lengthyispthstic nodules (DNs) and
hepatocellular carcinomas (HCCs). The telomerettengas determined from each
lesion by measuring the terminal restriction fragh@RF) length. Genomic DNA (2
mg), digested with Hinf I, was hybridized with agdkigenin-labeled and a
telomerespecific probe d(TTAGG&)The TRF lengths were determined using the
IMAGE GAUGE software (Fujifilm, Tokyo, Japan), agstribed in materials and
methods. The size markers are indicated on the. righe results from multiple
synchronous nodules of DNs and HCC with cirrhasigdtient 3, HCC and cirrhosis in
patient 8, and two normal liver tissues, are present



3. Telomerase activity in human multistep hepatocainogenesis

The telomerase activities (TAs) of each lesion ammarized in both Table 4
and Figure 6, and a representative result is shiowligure 7. The normal livers
displayed the range of TA from 0.5 to 0.7, whichswsimilar to those of heat

inactivated lysates or buffer only reactions.

@ patient 1
@ patient 2
35 L A patient 3
- A patient 4 *
& @ patient 5
<IED 3 F | mpatient6 N A ‘
s ¢ patient 7 A .
&* 4 the other patient
25 O Normal A
= A
z , o ¢
e o °
B 15 | . o N 3
fg <A
1 A
o
< ¢ $ A 4
- 83 * o A A
05 L * [¢]
* m od (0]
°
0 T T T T T T
Normal CH LC LRN DN DN DN with HCC
low high HCC
(n=4) (n=3) (n=10) (n=7) (n=30) (n=6) (n=3) (n=11)

Figure 6. Comparison of the telomerase activity in a norfhadr, chronic hepatitis
(CH), liver cirrhosis (LC), large regenerative nteti(LRNS), low grade dysplastic
nodules (DNs), high grade DNs, DNs with hepatotalgarcinoma (HCC) foci and
HCCs. The lesions are denoted by different symaot®rding to the patient number.
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Therefore, normal livers are considered to havaativity of telomerase. The TA
ranged from 0.4 to 0.9 in CH, and from 0.3 to h&irrhosis. The LRNs had similar
levels of TA to those of cirrhosis, ranging frord @ 1.6, with all lesions showing TA
levels <2.0. The low grade DNs showed a somewhdemviange of TA levels, ranging
from 0.2 to 2.9. Most of the low grade DNs showgdilar TA levels to those of CH,
cirrhosis, and LRNSs.

However, two (7%) of them showed high TA level >2Mhere there was no or
very sparse infiltration of inflammatory cells. Thevere no significant differences in
the histology and neoangiogenesis between the tadlegDNs with and without an
increased TA. The high grade DNs showed TAs irrémge from 0.8 to 2.8 and there
was a significant increase of the levels of TAhe transition from low grade DNs to
high grade DNs (P = 0:0086). The DNs with HCC shbwWAs in the range from 0.8
to 3.1. The TAlevels in the HCCs ranged from ©@.8.8 and there were no significant
differences relating to the differentiation of HCO#e TA levels of high grade DNs
showed no significant differences from those of DM$h HCC foci and HCCs,
although there were two (33%) of high grade DN% (67%) of the DNs with HCC
foci and seven (64%) of HCCs with TA levels oved. Ao significant correlation was

found when the TA levels were compared with the Ti®kgths. The characteristic

26



telomere length pattern of alternative lengthenafgtelomeres, which results in
homogeneity of the telomere length [14], was nanfbin three HCCs with low levels

of TA from 0.6 to 0.9.
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Figure 7. Telomerase activity in the multiple synchronousplgstic nodules (DNs)
and hepatocellular carcinomas (HCCs). The teloreesativity was determined using
a TRAPeze Elisa telomerase detection kit, withssu extract (0.2 mg) from multiple
synchronous nodules of DNs and HCCs and cirrhosisatient 3. (A) The product
underwent electrophoresis on an 12% polyacrylangiele The internal control is
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indicated by the arrow head. (B) The telomeraswificin the tissue extracts shown
in A was semi-quantified using Elisa accordingtte manufacturer’s instructions. The
reaction was repeated three to four times, andebglting mean values and standard
deviations are shown by the black bars. An equitadenount of a HelLa cell extract
was used as a positive control, and the tissuaextf the DN with HCC foci, heat-
inactivated at 85C for 15 min prior to the TRAP assay, was used amtie control.
The controls are indicated by the gray bars.
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IV. Discussion

A gradual shortening of the TRF length, and anease in the TA level, was
found with the progression of human multistep hepatcinogenesis, and this was
also evident in the multiple synchronous nodulebagatocarcinogenesis of the same
patient. Telomere shortening, and telomerase kedicin, occurs in the DNs during
the early stages of hepatocarcinogenesis, andhdicit change in the TA and TRF
was founded in the transition from the low gradesDf¢ the high grade DNSs.
Significant increase in neoangiogenesis was algodan high grade DNs than in low
grade DNS" 8 High grade DNs and DNs with HCC foci showed samhigh levels of
TA and shortening of telomeres, which increasedht levels of the HCCs. The
characteristics of high grade DNs are considerdxbtoloser to those of the HCCs and
different from those of the low grade DNs. Telomeat®rtening and telomerase
activation are suggested to facilitate the diaghosprecancerous/cancerous lesion on
needle biopsy in a near future, in which only sraatiount of liver tissue is available.
Studies on various aspects of low grade DNs, vétipect to their proliferation, p-ras
expression, ploidy, endothelial cell and extrautall matrix alterations, have reported no

similarities between them and HCCs, which is intcst with the close similarities
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found between high grade DNs and HCCEhis suggests that low grade DNs might be
related to regenerative nodules, and are lesdyclealicated in hepatocarcinogenesis.

However, there was a significant statistical asgam between low grade DNs
with co-existing HCCs, even though the high gradésDvere excluded from the
analysis™. Hytiroglou et al reported that TA was positive or strong positivé86%
of LRNs/low grade DNs and weak positive in 62% oftmsis, in which low grade
DNs were not separated from LRNs. Whereas Kitanaoib Ide™ reported that TA
was negative in all cases of chronic liver disesrse positive in 30% of precancerous
hepatic nodules, which include both low and higgdgr DNs.

In this study, low grade DNs, which were evaluadeda separate entity, showed
somewhat wider ranges of TRF lengths and TA leeld,these overlapped with those
of the CH, cirrhosis and LRNs in most cases. Howel/#% of low grade DNs had
shortened telomere lengths up to the levels ohtgk grade DNs, with 7% showing
TA levels over 2.0. Hepatocellular nodules, with telomeres shortened to the critical
length, might suffer genetic changes due to therabsomal instability® *".

These genetic changes would make most cells sariedngt allow a small
number of cells to undergo additional changes, sisctelomerase reactivation, which

18, 19

facilitates the clonal development of immortal hepsites and the rate of
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apoptosis was reported to be relatively lower ie fow grade DNs than the
surrounding cirrhotic noduléd. Some low grade DNs, at least those with shortened
telomere lengths or increased TA levels up to tladdegh grade DNs, are considered
to have a precancerous nature, even though theiatssb histological changes have
still to occur, and close follow-up is required d¢larify the clinical significance of
these low grade DNs. However, the possibility tiétroscopic focus of high grade
dysplasia was present in the remaining fresh tisfulmw grade DNs can not be
completely ruled out, because only one frozen eeaif each nodule with fresh tissue
was examined before extraction in this study.

Cases of low grade DNs and cirrhosis with co-axistiCCs had relatively shorter
telomere lengths compared to those without ansl @onsidered to be a field effect of
hepatocarcinogenesis. Considering that a telomedection reflects the replicative
history in somatic cell$', this result is in accordance with the report tihat rate of
HCC was high in cirrhotic patients with a high hipate proliferative activity®. About
30% of cirrhotic nodules are monoclonal and eamynamic aberrations occur in
cirrhosis™® ' 2 therefore cirrhotic nodules with shortened TRfigtls might be more

vulnerable to further genetic changes. Furtherystuil be required to evaluate the

biological characteristics of these nodules witbrened TRF length.
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V. Conclusion

This study demonstrates the telomere shortening talmnerase reactivation
occur particularly in the course of transition fraimonic liver disease and LGDNSs to
HGDNSs, but not from HGDNs to HCCs. Accordingly tikhanges of telomerase

length and TA might occur in the early stage ofdteparcinogenesis.
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