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Aging appears to be intrinsically related to carcinogenesis. Genomic instability due to telo-
mere shortening plays an important role in carcinoma development. In order to clarify telo-
mere dysfunction in carcinoma development, we examined the uninvolved epithelium
adjacent to carcinoma in situ (CIS), i.e. background of CIS, and CIS itself, compared to con-
trol without carcinoma, using an improved quantitative fluorescence in situ hybridization
(Q-FISH) method. We also estimated anaphase bridge (AB), which is inferred to be related
to chromosomal instability. In all cell types (basal, parabasal, and suprabasal), mean telo-
mere lengths were significantly shorter in the background than in the control. We also
demonstrated increased incidences of AB, not only in CIS, but also in the background
and control epithelia with excessively shortened telomeres. Thus we have conclusively
demonstrated that CIS arises from epithelium with short telomeres.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

where genetically altered cells can be detected over wide
areas of the affected epithelium.3 Therefore, we considered

Aging appears to be intrinsically related to carcinogenesis, as
elderly individuals tend to have a much higher incidence of
carcinoma and also multiple carcinomas. The progression of
telomere shortening with age could lead to genomic instabil-
ity during the initial stage of cancerization.! One of the can-
cers that have shown a rapidly increasing incidence
worldwide is oral cancer.? This cancer is one of several head
and neck cancers that are known to show field cancerization,
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that telomere shortening might be present in histologically
normal regions near oral carcinoma, and these regions may
be representative of the earliest stage of cancerization.

We have confirmed that telomeres of all human tissues
shorten with age, except for cerebral tissue and myocardium,
using Southern blot analysis.*® We have also analyzed telo-
mere length distributions of different cells in the oesophagus,
stomach, and breast by quantitative fluorescence in situ
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hybridization (Q-FISH) using the telomere to centromere ratio
(TCR).”® To estimate telomere lengths using our Q-FISH
method, we employed a block of cultured cells of known telo-
mere length as a control to obtain the normalized TCR
(NTCR). By this method, we have demonstrated that basal
cells have the longest telomeres in epithelia, suggesting the
possible presence of tissue stem cells in the basal layer.’
Concerning telomeres in the oral cavity, we have reported an-
nual reduction rate (32 bp) in the lingual mucosa, analyzed by
Southern blotting.'* By Q-FISH method, using visual assess-
ment, Meeker and colleagues have reported about telomeres
in oral precancerous lesions.’® However, they did not show
differences among the component cell types. Therefore, in
the present study, we have estimated telomere length of each
cell type of the epithelium in the lingual mucosa with/with-
out carcinomas.

For our present study, we postulated that there would be
measurable differences of telomere length between oral epi-
thelia with and without carcinoma, determined using our Q-
FISH method on samples of both non-cancerous control and
also cancerous tissue and its uninvolved adjacent epithelia
(background). We did not examine advanced carcinoma in or-
der to avoid any influential factors (such as severe inflamma-
tion) associated with large tumours, and confined our study to
squamous cell carcinoma in situ (CIS).

We also carried out histologic estimation of the presence
of anaphase bridges (ABs) as a morphologic indicator of chro-
mosomal instability due to shortened telomeres; they re-
sulted from the breakage-fusion-bridge cycle.’***

2. Materials and methods

2.1.  Subjects

Twenty-five cases of CIS of the tongue from 24 patients (12
men and 12 women, 35-99 years, mean: 63.3 years) were ana-
lyzed. These lesions had been diagnosed by five pathologists
(.A., TI, M.S,, TA., K.T.). Twenty-five representative paraffin
sections that included CIS with uninvolved epithelium were
selected. Uninvolved epithelium located 1-10mm (mean
3.8 mm) distant from the CIS was defined as background. CISs
were resected along with a 5-mm-wide margin of non-cancer-
ous tissue. Therefore, we did not perform estimation of telo-
mere length and anaphase bridge analysis for tissue located
at different distances from the CIS. It was not possible to ob-
tain fresh tissue of cancer and background from cases of CIS
for the h-TERT study, because it would have been ethically
necessary to examine histologically the entire surgical mar-
gin, including the specimen edges and bases of CIS. One pa-
tient had two different CISs, and therefore we studied 25
CISs and 24 backgrounds.

Control specimens of normal lingual mucosa were ob-
tained from 27 autopsied individuals without malignancy in
the head and neck, oesophagus, stomach, or lung (within
3 h postmortem; 16 men and 11 women, age 0-96 years, mean
41.8 years). The specimens were stored at -80 °C until use. We
used these autopsy specimens as normal controls because of
the difficulty in obtaining specimens of normal mucosa unas-
sociated with carcinoma from surgically resected materials.
Although we were concerned that postmortem changes

might affect telomere length, we had previously studied telo-
mere lengths in the samples of cerebrum and heart obtained
at different postmortem times using Southern blotting, but
found no significant changes.* In the lingual mucosa, we
had previously studied telomere lengths in autopsy cases.'?
Using Southern blotting, we also newly analyzed the correla-
tion between telomere length and postmortem time, but our
data revealed no significant decrease of telomere length (data
not shown).

Control cases were categorized into two subgroups by age:
a young subgroup (6 men and 4 women, age 0-18 years, mean
1.8 years) and an old subgroup (10 men and 6 women, age 45—
96 years, mean 65.4 years), age-matched to the CIS patients.
As our previous studies using Southern blotting'* and Q-
FISH™ had indicated that telomeres in human tissue from
young individuals are longer than those from aged individu-
als, we used samples from the young individuals for technical
reconfirmation of our method.

It had been shown previously in a pilot study that differ-
ences in tissue processing, and storage of the tissue at -
80 °C, did not affect the NTCR (data not shown). Approval
for this study was obtained from the ethics committee of To-
kyo Metropolitan Institute of Gerontology.

2.2. Tissue processing and histologic assessment

CIS specimens immediately after resection and control sam-
ples were fixed for 5h in 10% buffered formalin v/v. Both
types of samples were then subjected to standard tissue pro-
cessing and paraffin embedding. Tissues were sliced into sec-
tions 3 pm thick for haematoxylin and eosin (HE) staining and
immunohistochemical examination, and into sections 5 um
thick for Q-FISH.

In histologic examination, the slides were checked for
autolysis, inflammatory cell accumulation, and fibrosis. Cells
in non-cancerous epithelium and CIS were classified into
three types'® and evaluated by immunohistochemistry and
Q-FISH: (a) basal: cells in a single layer on the basement mem-
brane, (b) parabasal: cells in the second to third layers on the
basal membrane, and (c) suprabasal: cells in the fourth or
upper layer above the parabasal (Fig. 1A).

2.3.  Immunohistochemical staining for Ki-67 and its
evaluation

Tissue sections were stained with an antibody against Ki-67
(monoclonal antibody: MIB-1; Dako Cytomation, Glostrup,
Denmark, 100x) by the Polymer-Immuno Complex method
(ENVISION+/HRP(DAB); Dako Japan). Antibody-stained sec-
tions were observed quantitatively by three pathologists
(J.A., T.A., K.T.), who estimated the numbers of each cell type
showing positivity in the lingual mucosa and divided the pos-
itivity rates into four grades: >50% of cells positive ++, 5-<50%
of cells positive +, <5% of cells positive +, and negative —.

2.4. Q-FISH
2.4.1. FISH and probes

The slides were processed by the FISH method, as reported
previously.” Tissue sections were hybridized peptide nucleic
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Fig. 1 - Control epithelium and carcinoma in situ (CIS) of the tongue. Original magnification: x100. (A) Normal lingual mucosa
without malignancy (73-year-old man). (a) Basal, (b) parabasal, and (c) suprabasal cells. (B) Immunohistochemical staining for
Ki-67, same cases as A. Scattered positive cells are evident only in the parabasal layer. (C) CIS in lingual mucosa (82-year-old
woman). Basal cell-like atypical cells are proliferating and have replaced almost the whole layer, with parakeratosis. (D)
Immunohistochemical staining for Ki-67, same case as C. Multiple positive cells are evident throughout almost the whole

layer.

acid (PNA) probes for the telomere (telo C-Cy3 probe: 5'-
CCCTAACCCTAACCCTAA-3'; Fasmac, Atsugi, Japan,
0.32 ymol/L in final concentration) and the centromere
(Cenp1l-Fluoresceinisothiocyanate isomer-1; FITC probe: 5'-
CTTCGTTGGAAACGGGGT-3’; Fasmac, 0.12 umol/L in final
concentration), and the nuclei were counterstained with 4'6-
diamidino-2-phenylindole (DAPI, Molecular Probes, Eugene,
OR).

2.4.2. Image analysis of telomeres

Q-FISH digital images were captured by a Charge Coupled De-
vice (CCD) camera (ORCA-ER-1394, Hamamatsu Photonics KK,
Hamamatsu, Japan) mounted on an epifluorescence micro-
scope (80i, Nikon, Tokyo, Japan) equipped with a triple
band-pass filter set for DAPI/FITC/Cy3 (Part #61010, Chroma
Technology Corp, Rockingham, VT, USA) and a x40 objective
lens (Plan Fluor 40x/0.75, Nikon). Microscope control and im-
age acquisition were performed using the Image-Pro Plus
software package (version 5.0, Media Cybernetics Co. Ltd., Sil-

ver Spring, MD, USA). The captured images were analyzed
with our own telomere analysis software, ‘TissueTelo Ver. 2/,
where TCRs of individual nuclei are estimated automatically,
as reported previously.” TCR measurements were extracted
for each of the three cell types in the tissue section based
on histologic assessment. At least 703 cells (range: 703-2021
cells, mean: 1353.9 cells) were analyzed for each case. The
mean value was defined as the representative TCR value for
all analyzed cells of each type in each case.

2.4.3. Preliminary comparison of TCR with terminal
restriction fragment (TRF) value

Cultured TIG-1 cells’® were obtained at four different PDLs (20,
34, 41, and 60), and subjected to telomere analysis using two
different methods: (a) fixation with 10% buffered formalin,
preparation of a paraffin-embedded cell block, and estimation
of TCR by Q-FISH, and (b) DNA extraction followed by diges-
tion with Hinf-1 (Boehringer Mannheim Biochemica, Ger-
many), and estimation of the terminal restriction fragments
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(TRF) value by Southern blotting.*** Each regression line was
calculated, as was the correlation between the TCR and TRF
values.

2.4.4. TCR normalization by cell block

As a control for variations in sample preparation, we also per-
formed Q-FISH on a cell block section from a cultured cell
line, TIG-1,'® with a population doubling level (PDL) of 34
(telomere length: 8.57 kbp by Southern blot analysis, see Sec-
tion 3.2) and placed it on the same slides as the lingual sec-
tions. The TCR measurement for each lingual cell was
divided by the mean TCR for the control cell block on the
same slide to give the NTCR of the cell.

2.4.5. Anaphase bridges

The presence of ABs as a morphological indicator of chromo-
somal instability’®>" was examined in representative HE
slides by two pathologists (J.A., K.T.). We counted the numbers
of total mitoses and ABs in control, background, and CIS, and
calculated the total mitotic and AB counts per epithelial
length (per millimetre, AB index) of tissue preparation.

2.4.6. Statistical analyses

The NTCRs for basal, parabasal, and suprabasal cells were
compared within individual cases using paired t-test. The
NTCRs and AB index of background mucosa and CIS were
compared by paired t-test, and those of normal control and
background or CIS, were compared by t-test. Correlations
were analyzed using the Pearson correlation coefficient test
and single regression analysis. In all comparisons, differences
at p < 0.05 were considered to be significant.

3. Results

3.1.  Histology and Ki-67 evaluation

Autolysis, inflammatory cell accumulation, or fibrosis was not
observed in the controls or backgrounds. However, chronic
and acute inflammatory cell accumulation was often ob-
served beneath CIS (Fig. 1A and C).

Results of Ki-67 staining evaluation are summarized in Ta-
ble 1. In the controls and background, positive cells were
mostly located in the parabasal layer, and scattered in basal

Table 1 - Ki-67 index of control, background of CIS?, and CIS

by immunohistochemical staining.

Cell layer Age-matched Background of CIS
control® (n=17) CIS® (n=24) (n=25)
Basal cell layer () (+) (++)
Parabasal layer (+) (+) (H)-(++)
) ) (

Suprabasal layer

(++): >50% cells positive.
(+): 5-<50% cells positive.
(+): <5% cells positive.
(-): Negative.
# CIS: carcinoma in situ.
b Age-matched control: older subgroup without malignancy in the
head and neck, oesophagus, or lung.
¢ Background of CIS: uninvolved epithelium of CIS.

in adults (Fig. 1B). In the background, positive cells were
slightly increased. In CIS, basal cells were mostly positive,
and distributed in several layers from the basement mem-
brane (Fig. 1D).

3.2.  Preliminary confirmation of our method validity

Regression analysis of TRF values for TIG-1 cells at the four
different PDLs is shown in Fig. 2A. The regression line also
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Fig. 2 - Regression analysis of TCR value using Q-FISH, and
telomere restriction fragment (TRF) values by Southern blot
analysis. (A) Regression analysis of PDLs of TIG-1 and TRF
values by Southern blotting. TIG-1 cells were obtained at
four different PDLs (20, 34, 41, and 60). TRF values with
standardized incidence ratio (SIR) in each PDL were

10.52 + 3.39, 8.27 + 2.58, 6.96 = 2.16, and 5.84 = 1.91, respec-
tively. (B) Regression analysis of population doubling levels
(PDLs) of TIG-1 and TCR values obtained by Q-FISH. Cultured
TIG-1 cells for the cell blocks were obtained at the same PDL
for Southern blotting. TCR values with standard deviation
(SD) were 2.08 + 6.48, 1.72 + 3.01, 1.46 + 3.49, and 1.17 + 2.03,
respectively. (C) Correlation between TCR values obtained by
Q-FISH and TRF values obtained by Southern blotting in
TIG-1 cells at four different PDLs.
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indicated significant telomere shortening (p = 0.0332). Regres-
sion analysis of TCRs for TIG-1 cells at the four different PDLs
is shown in Fig. 2B. The regression line also indicated signifi-
cant telomere shortening (p = 0.0154). The TCR and TRF values
were significantly correlated (p = 0.0056) (Fig. 2C). These find-
ings indicated that our methodology was valid.

3.3.  NTCRs of the four groups

Representative Q-FISH images of a control epithelium without
malignancy and CIS are shown in Fig. 3A(a and b). NTCRs for
each cell type in four groups, (1) young subgroup, (2) old sub-
group, (3) background, and (4) CIS, are shown in Fig. 3B. Mean
NTCRs and numbers of cells analyzed in the background and
CIS are summarized in Table 2.

3.3.1. Pattern of telomere length within epithelium and CIS

NTCRs of basal cells were significantly larger than those of
parabasal and suprabasal cells in the two control sub-
groups. NTCR of basal cells was significantly larger than

those of parabasal (p=0.0052) in the background. On the
other hand, in CIS, there was no significant difference be-
tween NTCRs of basal and parabasal cells by paired t-test
(p = 0.064). There was also no significant difference between
NTCRs of basal and suprabasal cells by paired t-test
(p =0.058).

3.3.2. Comparisons of NTCRs among the four groups

In the control (including young and old subgroups, n=27),
NTCRs of basal, parabasal, and suprabasal cells were 2.75,
2.03, and 1.82, respectively. In the young subgroup, NTCRs of
basal, parabasal, and suprabasal cells were 6.15, 5.22, and
3.98, respectively. These NTCRs were larger than those of
the old subgroup for all cell types (basal, parabasal, and
suprabasal NTCRs were 1.70, 1.48, and 1.52, respectively).
NTCRs of the old subgroup were significantly larger than
those of the background (basal, parabasal, and suprabasal
NTCRs were 1.33, 1.18, and 1.26), and CIS (basal, parabasal,
suprabasal NTCRs were 1.69, 1.33, and 1.28, respectively), for
all cell types.

1519
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—-— Red:p<0.05, || [ Parabasal Cells
0.040 e ||y Suprabasal Cells
. Black: p>0.05,
i not significant e 5-95%
Mean Value
10- 50% Value
+— 25-75%
X
O ] 0.032 ‘
= 0.026
Z I 1
0.022
' >0.001 I
1
0.001 209,
e —
>0.001 0.054
1
o 0.079
>0.001 0.005
[
0 1 T Ll T 1 T T T T 1 L] T
Young Old Background  CIS
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(n=10) (n=17)
Control CIS-Patient

Fig. 3 - (A) Representative Q-FISH images, original magnification; x40. Red signal: telomere-Cy3 signal, green signal:
centromere-FITC signal, blue: DAPI counterstaining for DNA. (a) Q-FISH image of the normal control from a 73-year-old man.
NTCRs of basal, parabasal, and suprabasal cells were 2.75, 2.03, and 1.82, respectively. Scattered cells with prominent red
(Cy3) signals reside mainly in the basal layer. (b) Q-FISH image of CIS (61-year-old woman). NTCRs of basal, parabasal, and
suprabasal cells were 0.48, 0.50, and 0.71, respectively. Red signals are considerably weaker than in the control case shown in
Fig. 3A(a). (B) All analyzed NTCR data for controls (n = 27) and CISs (n = 25) are summarized as a box and whisker plot. The
control group was categorized into young (n = 10) and old (n = 17) subgroups.
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Table 2 - Normalised TCR® (NTCR) of the three cell types in background of CIS, and CIS.

Case Age/sex Total count Background of CIS® CIS

number of cell No. Basal? Parabasal Suprabasal Basal Parabasal Suprabasal
1 35/W 1058 1.24 0.96 1.13 2.04 1.50 1.48
2 41/W 1001 1.03 0.98 1.01 1.14 1.17 1.09
3 43/W 1771 0.93 0.91 0.90 4.28 3.02 3.15
4 46/W 1770 0.93 0.68 0.86 0.52 0.43 0.43
5 52/M 1406 0.94 0.75 0.86 0.83 0.74 0.76
6 53/W 703 0.42 0.42 0.34 0.62 0.51 0.47
7 53/W 1615 0.90 0.82 1.21 0.68 0.66 0.80
8-1°¢ 58/W 962 2.23 1.58 1.80 0.95 1.51 1.28
8-2¢ 58/W 742 2.23 1.58 1.80 2.29 1.76 2.07
9 61/W 1063 0.83 0.55 0.68 0.48 0.50 0.71
10 62/M 971 1.26 1.22 1.47 1.12 1.30 0.97
11 62/M 1126 0.97 1.02 0.96 1.19 1.06 1.00
12 64/M 1876 1.08 0.88 0.88 0.90 0.93 1.08
13 65/M 947 1.30 0.94 1.13 12.39 6.77 6.26
14 66/M 1432 1.43 1.08 1.11 1.07 0.85 0.93
15 67/M 1238 1.94 1.80 2.00 0.71 0.52 0.58
16 67/M 1062 0.59 0.39 0.35 0.55 0.49 0.43
17 68/M 1470 1.05 0.97 0.94 1.05 1.07 0.95
18 70/M 1568 1.46 1.16 1.30 1.17 1.08 1.22
19 70/M 1796 0.83 0.74 0.73 0.61 0.63 0.54
20 72/M 1180 4.83 5.67 4.66 1.59 1.52 1.14
21 77/W 1126 1.20 1.05 1.17 1.25 1.17 1.09
22 82/W 1154 0.64 0.63 0.62 1.19 0.89 0.78
23 85/W 1674 0.94 0.85 0.90 1.04 1.02 1.00
24 99/W 914 2.06 1.82 2.75 2.47 2.05 1.91

M: man, W: woman.

a TCR: telomere to centromere ratio.

b CIS: Carcinoma in situ.

¢ Background of CIS: uninvolved epithelium of CIS.

d Larger than parabasal cells in each case, p = 0.0052 by paired t-test.
e Case 8 has two CISs in the same patient.

3.4. ABs in lingual epithelia and CIS NTCR of basal cells in all AB-positive cases (n = 32) was 1.27,
whereas that in AB-negative cases (n = 44) was 2.77 (AB-posi-
Representative ABs are shown in Fig. 4A. Results of mitosis tive < AB-negative cases, p = 0.0022).
and AB analyses are summarized in Table 3. The total number
of mitoses in CIS was significantly larger than in the old sub- 4,
group (p = 0.0315). AB index in CIS were higher than in the old

subgroup, but not to a significant degree (p = 0.0782).

Discussion

The present study produced three main findings: (A) non-can-
cerous epithelia showed basal that had longer telomeres than

3.4.1. Correlations between age and AB index parabasal and suprabasal, whereas CIS had no evidence of the

Correlations between age and AB index in each epithelium
are shown in Fig. 4B. In the controls, no AB was observed in
individuals under 55 years of age (n = 15) and had a significant
positive correlation (AB index = 0.0008 * Age —0.0051, p = 0.002
(Fig. 4B(a)). However, in the background, even a 35-year-old
individual had ABs (Fig. 4B(b and c)).

3.4.2. Correlations between NTCR and AB index

In order to demonstrate the correlation between telomere
length and the AB-index, the NTCRs of basal cells and the
AB index for each case were plotted, as shown in Fig. 4B(d-
f). The control group (n =27) showed only 1 or 2 ABs in each
case, with a significant correlation between NTCR and the
AB index (Fig. 4B(d)), whereas more individuals with CIS had
a larger AB index in the background and CIS. In all types of
epithelium, 31 of 32 cases (96.8%) with ABs, except for the
background of a case, had a NTCR of less than 3. The mean

normal telomeric pattern. (B) Telomeres in the background
were significantly shorter than in the control. (C) ABs were ob-
served in individuals with excessively short telomeres, aged
55 years old or more in the control group, and having a NTCR
of more than 3, except for one case of CIS.

Immunohistochemistry for Ki-67 gave results for the con-
trols similar to those in our previous study.’® In the old sub-
group and background, Ki-67-positive cells were present in
the parabasal layer, but in CIS they were present in the basal,
parabasal, and suprabasal layers. This suggests that the
amplifying proliferative zone of the normal lingual epithe-
lium is almost limited within the parabasal layer, whereas
that of CIS extends to a wider area. Therefore, in normal epi-
thelium, telomere shortening occurs mainly in the parabasal
layer.

In the present study, we analyzed TCRs in TIG-1 cells at
four different PDLs and compared them with the TRF values.
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Fig. 4 - (A) Representative images of anaphase bridges (ABs) observed in (a) control epithelium from a 96-year-old woman, (b)
background (62-year-old man), and (c) CIS (64-year-old man). Original magnification, x40, inset; x100 (oil immersion). (B)
Correlations between AB index (anaphase bridge count/mm) and age (a-c), and between AB index and NTCR of basal cells (d-
f). Arrows: The youngest case (a—c) and the largest NTCR (d-f) among AB-positive cases are indicated. (a) AB index and age in
controls (n = 27) with significant correlation (AB index = 0.0008 * Age - 0.0051, p = 0.002). ABs were observed in individuals
55 years old or older (n = 12). (b) AB index and age in background (n = 24). ABs were observed even in individuals 35 years old
or older. (c) AB index and age in CIS (n = 25). ABs were observed even in individuals 35 years old or older. (d) AB index and
NTCR in controls with significant correlation (NTCR 4.1453 - 23.289 * AB index; p = 0.0233). AB-positive cases had a NTCR of
less than 2.75. (e) AB index and NTCR in background. AB-positive cases had a NTCR of less than1.26 except for one case
(NTCR 4.83). (f) AB index and NTCR in CIS. AB-positive cases had a NTCR of less than 2.04.

The results appear to confirm the accuracy and reproducibil-
ity of this method for comparing telomere lengths among dif-
ferent cell types or tissues.

In non-cancerous epithelia including the control and back-
ground, basal cells had the longest telomeres among the
three cell types, suggesting that stem cells may reside in the
basal layer.’ In the present study, we reconfirmed our previ-
ous results.

In the pancreas'’ and liver,’® it has been reported that car-
cinomas have shorter telomeres than the surrounding back-

ground tissues. In the present study, comparison among the
NTCRs (three cell types) of the old subgroup, background,
and CIS showed that those of the background and CIS were
significantly smaller than those of the old subgroup. This
finding is the first evidence to corroborate previous studies
showing that cancerous and/or precancerous lesions have
shorter telomeres than those of non-cancerous tissues in
the colon™ and liver.® In those studies, telomere lengths
were compared mainly between background and carcinoma
or between background with chronic inflammation, e.g. ulcer-
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Table 3 - Frequency of anaphase bridges and mitoses per mm in lingual epithelia.

Control Background of CIS CIS
Young subgroup Old subgroup
(n=10) (n=17) (n=24) (n=25)
AB index® 0.00 0.04 0.06¢ 0.084
Mitotic index” 1.04 0.99 1.68° 2.50°

Background of CIS: uninvolved epithelium of CIS.
CIS: carcinoma in situ.

a AB index: frequency of anaphase bridges per epithelial length (millimetre).

b Mitotic index: total mitotic count per epithelial length (millimetre).

¢ AB index of background is larger than in the old subgroup, but not significantly (p = 0.296).

d AB index of CIS is larger than in the old subgroup or background, but not significantly (p = 0.078, 0.204, respectively).
e Mitotic index of background is larger than in the old subgroup, but not significantly (p = 0.054).

f Mitotic index of CIS is larger than in the old subgroup and background (p < 0.001, 0.029, respectively).

ative colitis or chronic hepatitis. However, our present data
for the lingual epithelium revealed that the background, lack-
ing any histologic change, also had short telomeres like those
in ulcerative colitis or chronic hepatitis. Oral CIS occurred in
telomere-shortened epithelium without histologic changes
or inflammation.

The oral cavity often generates multiple carcinomas dis-
tributed in the oropharyngeal, laryngeal, or oesophagogastric
mucosae, a tendency referred to as field cancerization or
Slaughter’s concept, which has been explained by widely
occurring genetic alterations.®> Meeker and colleagues re-
ported that telomere length abnormalities (excessive shorten-
ing) appear to be one of the earliest and most prevalent
genetic alterations.'? Because shortened telomeres induce
the breakage-fusion-bridge cycle, which is a major source
of genetic divergence, cells with short telomeres easily be-
come malignant.’ The presence of telomeres that are exces-
sively shorter in the background epithelia than in control
samples appears to support this concept. If telomere shorten-
ing occurs over wider areas that are usually not differentiated
by routine histologic diagnostic techniques, multiple tumours
may arise within such telomere-shortened fields.

In the present study, ABs were observed in all types of epi-
thelium with telomere shortening. In the background, telo-
mere length was similar to that of CIS. We have
demonstrated an increased incidence of ABs, which are in-
ferred to cause chromosomal instability, in both control spec-
imens with telomere shortening and in the background. It has
also been reported that telomere shortening is the initial phe-
nomenon in cancerization, and that genomic instability is
accelerated by chromosomal instability due to telomere
shortening."

In conclusion, we have estimated telomere lengths of cells
in control, background, and CIS, and found that the pattern of
telomere length in CIS differs from that in the control and
background epithelia. Excessive telomere shortening and a
high incidence of ABs with possible chromosomal instability
were evident in the background, suggesting that lingual CIS
arises in a telomere-shortened field without histologic
inflammation. These findings also suggest that telomere
shortening may be one of the important causes of field canc-
erization in the oral mucosa, and that close clinical follow-up

is warranted for patients with oral carcinoma in whom a sec-
ond carcinoma may arise.
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