Table I. Chinical data and telomerase

activily in oral leukoplakia and HNSCC.

Patient age  sex location onset R diagnosis histo K telomerase
code (mth) +/-  dosage
CUi 37 F buccal and tongue 6 - erythroplakia Gl - + <100
cu2 74 F lat border tongue 2 - leukoplakia GO + -

CU2R 74 F lat border tongue 1 + leukoplakia GO + + <100
Cu6 57 M lower dental ridge 12 - leukoplakia GO/GI  + + <100

CUll 45 M lat molar trigone 8 - leukoplakia ND ND -

cul13 40 F Iat border tongue S - leukoplakia  GO/GI  + -

Cul4 64 M retro molar trigone 2 - leukoplakia GO - -

CuUi5 M hard palate 48 - leukoplakia GO + -

Culé 60 F buccal mucosa 12 - leukoplakia GO + -

cui7 59 F buccal mucosa 3 - leukoplakia GO + -

CuU18 40 M buccal mucosa 0.5 - leukoplakia GO + -

CUI8R 40 M buccal mucosa 1 + leukoplakia GO + -

Cu20 58 M buccal mucosa 2 + leukoplakia G0 + + <100

Cu2i 42 M buccal mucosa 40 - leukoplakia GO + -

CuU23 40 F buccal mucosa 12 - leukoplakia G0 + -

Ccuz4 70 F buccal mucosa 72 + leukoplakia GO + + >1000

cuzs 64 F buccal mucosa 2 - leukoplakia GO + + 100-1000

CuU26 51 M lat tongue 1.5 - leukoplakia ND ND -

Cu34 61 M lat tongue 2 - leukoplakia GII - + >1000

CuU37 58 F buccal mucosa 12 + leukoplakia GO + -

CuUs39 39 F buccal mucosa 40 - leukoplakia GO + -

Cu44 46 F buceal mucosa 1/4 - leukoplakia GO - -
cu42 7% M buccalmucosa 2 - erythroplakia GO + + 100-1000

CU41 42 F tongue 6 - leukoplakia GO/GI  + + <100

RAMAS 73 F upper first molar 2 - leukoplakia GO + -

RAMAL3Z 62 F lower lip 40 - erythroplakia Gl - + <100
Cu3 63 F retromolar trigone verucous CA \Y + <100
CU5 80 F lat tongue verucous CA v + 100-1000
Cul0 78 M lat tongue SCC Gl + 100-1000
cuz22 40 F lat tongue SCC Gl -
cu9 78 F buccal mucosa SCC Gl + <100
Ccu19 55 M tongue SCC Gl + 100-1000
Cu29 8 M floor of mouth SCC Gl -

Cu3t 60 M tongue scC Gl + >1000
Cu3s 65 F lower lip 5CC Gl + >1000
Cu40 62 F lower gum S8CC G2 + <100
Cu28 63 M floor of mouth SCC G2 + 106-1000
Cu30 58 F tongue 5CC G2 + >1000
Cus2 72 M glottic SCC G2 + <100
CU33 33 M hard palate SCC G2 + >1000
CU38 8l F aryepiglottic fold SCC G2 + >1000
cuz? 50 M nasopharynx NPC G3 + <100

R, recurrence from previous laser surgery; K, keratosis; F, female; M, male; +, positive; -, negative; ND, not

done; GO, hvperplastic lesion; GI, mild dysplasia; GII, moderate dysplasia; G111, severe dysplasia; V, verrucous

carcinoma: SCC. squamous cell cancer; NPC, nasopharyngeal cancer; G1, well differentiated; G2, moderately

differentiated: G3, poorly differentiated.



Table 2. Telomerase activity in HNSCC and oral leukoplakia

telomerase activity telomerase activity Total
positive negative
Cancer
Verucous carcinoma 2 0 2
Squamous cell cancer 11 2 13
Nasopharyngeal cancer l 0 1
Total HNSCC 14 2 16
Oral premalignant lesion
Gross appearrance
Leukoplakia 7 16 23
Erythroplakia 3 0 3
Total oral leukoplakia and erythroplakia 10 16 26
Histological finding
GO without history of recurrence after treatment 2 11 13
G0 with history of recurrence after treatment 3 2 5
Total cases with G0, hyperplasia 5 13 18
G0/Gl 2 1 3
GI 2 0 2
Gl 1 0 1
Total cases with dysplasia 5 1 6

GO, hyperplasia; G0/GI, mixed between hyperplasia and mild dysplasia; GI, mild dysplasia; GlI, moderate
dysplasia.



Figure legend

Fig 1. Telomerase activity in leukoplakia and HNSCC. +/-, with/without RNase
pretreatment. Extracts of Ebstein-Barr virus immortalized human lymphocyte cell line B9358
of 103, 10% and 10 cells were used as the positive controls. Normal cultured fibroblast, I3,
was the negative control. Leukoplakia (CU25 and CU42), and HNSCC (CU28 and CU38)
were assayed in aliquot containing 6 pg of protein. All cancer and leukoplakia samples
showed detectable telomerase activity.
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'ul' correspording  histopathological or clinical indications to
liis effect.

The adenoma karyotypes had several similarities to those of
warcinomas. as expected for lesions that are accepted as forming a
“ieoplastic continuum. First, all turgours in both groups (adenomas
“and carcinomas) had clonal chromosome aberrations. Second,
gructural chromoesome rearrangements and more than one abnor-
mality were identified in five out of the six adenomatous polyps
esamined. In three of the adenomas (case 1V/lesion |, case
Vllesion 2 and case VIl/lesion 2}, the karyotype was as complex as
m the carcinoma of the same case. In contrast, only two (case
Mesion 2 and case VI/lesion 5) of the six cytogenetically abnormal
hyperplastic or inftammatory polyps showed clones with structural
dberrations and only one (case VI/esion 5) had a clone with
multiple changes, all of them numerical.

The recurrent chzomosome aberrations detected in  the
present  series, +X, +Y, =Y, -1, del{1){p36), -4, +5, +7,
er(8:17)(q10:q10), +13, =14, —15, =17, =18, 420, -21, and -22,
flave been previously detected in colorectal tumours (Mitelman,
1994: Heim and Mitelman, 1993). It is of interest, however, that
wo of these aberrations, der(8;17)q10:q10) and —~14, were found
galy in carcinomas. This indicates that although most of the
chromosomal changes that occur non-randomly during colorectal
wmorigenesis may be found already at the benign stage, as has
(ilso been suggested previously (Bardi et al, 1997}, scme could be
earcinoma specific. Drata from previous studies (Mitelman, 1994)
support this interpretation, at least as far as der{8;17)(q10:q10) is
concerned. This rearrangement has never been seen in adenomas,
whereas whole-arm translocations between the long arms of
ghromosomes & and 17, as well as several other chromosomes
are common in colorectal carcinomas. Monosomy 14 has been
detected in adenomas (Mitelman, 1994), albeil rarety. As it is so

puch more common ia carcinomas (Bardi et af, 1997), it is
empting to suggest that it is usually acquired during malignant
ransformation and that it indeed may play a causal role on the
! process. The finding that loss of heterozygosity on the long arm of
ehromosome 14 is found only in advanced coloreclal carcinomas
i0okawa et al, 1993) seems 1o be consonant with this view.

Seme of the chromosome aberrations that occur non-randomly
m both adenomas and carcinomas of the large bowel (this report;
Bardi et al, 1997) are found at clearly different rates. Trisomy for
chromosomes 7 and 13 1s more common in adenomas, whereas the
frequency of —17 and -18 has been at least two fimes higher in
carcinomas than in adenomas. In the present study, loss of one
thromosome [8 was found in all cases with adenomatous polyps.
In case II, monosomy 18 was detected only in the largest of the
three adenomas, in agreement with earlier observations (Fearon,
1994) that this change occurs late in adenoma development.

The only carcinoma carrving clones with simple numerical
dberrations was the one of case VI. We have previously suggested
that colorectal adenocarcinomas with simple numerical aberra-
lions arise through pathogentic mechanisms different from those
‘iperative in karyotypically complex carcinomas (Bardi et al,
1995). The carcinoma of case VI was located in the rectosigmoid
fegion, as are most tumours with simple numerical changes (Bardi
el al, 1995). The patient also had a flat adenoma, a type of tumour
that has not previously been cytogenetically characterized but

© Cancer Research Campaign 1897
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which might constitute a precursor lesion for some infiltrating
carcinomas (Wolber and Qwen, 1991). Tt is obviocusly too early on
the basis of the aberrations detected in this tumour (=Y. +20 and
—22 in different clones) to draw any conclusions aboult the general
karyotypic profile of these colorectal lesions.

With the exception of case I, cytogenetically related clones
were detected in the carcinoma and in at least one benign {esion
from the same patieni. This is evidence that these macroscopically
distinc{ tumours arose as part of the same neoplastic process, in
spite of the fact that the distance between them was at least 3 cm.
The only alternative explanation weuld be that the same oncoge-
netic  enviromental factor induced identical chromosomal
rearrangements in more than one cell. In the absence of any posi-
tive evidence in favour of the latter scenario, however, we deem it
less likely.
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Genomic alterations in nasopharyngeal carcinoma: loss
of heterozygosity and Epstein-Barr virus infection

A Mutirangura’, C Tanunyutthawongese?, W Pornthanakasem', V Kerekhanjanarong?, V Sriuranpong*, S Yenrudis,
P Supiyaphun® and N Voravud?
'Genestics Unit, Departmant of Anatomy, Facully of Medicina, Chufalongkorn University, Bangkok 10330, Thailand; Departments ¢f 2Biochemistry and
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Patholegy. Faculty of Medicine, Chulalengkorn University, Bangkok 10330, Thailand

Summary Nasopharyngeal carcinoma is a subset of head and neck squamous ¢ell cancers with urique endemic distribution and asticlogical
co-factors. Epstein—Barr virus has been revealed to be an important agtiological factor for most nasopharyngeaf carcinomas. Nevertheless,
additional genetic alterations may be invoived in their development and progression. The aim of this study was o determine the likely
chromosomal {ocations of tumour-suppressor genes related to Epstein~Barr virus-associated nasopharyngeal carcinoma. Fifty-si
microsatellite polymorphic markers located on every autosomal arm were used to estimate the incidence cof logs of heterozygosity in 27
Epstein-Barr virus-associated nasopharyngeal carcinemas. High frequencies of allelic loss were observed on chromosome 3p (75.0%) and
9p (87.0%). Chromosome 9g, 11q, 13g and 14q displayed loss in over 50%, while chromosomae 3q, 6p, 16g, 199 and 22q exhibited loss i
35-50%. Furthermore, several other chromosomal arms demonstrated alielic loss in 20-35%. Additionally, 1 of the 27 cases showed
microsatellite instability at multiple loci. These findings provide evidence of multiple genetic alterations during cancer development and clues

for further studies of tumour-suppressor genes in Epstein-Barr virus-associated nasopharyngeal carcinoma.

Keywards: nasopnaryngeal carcinoma; loss of heterozygosity; Epstein-Barr virus; allelotype; tumour-suppressor gene

Nasopharyngeal carcinoma (NPC) is a subset of head and neck
squamous cell cancers (HNSCC) with unigque endemic distribution
and aetiological co-factors (Fandi et al, 1994). Although NPC is
rare among Caucasians in Europe and North America, it is one of
the most commaon cancers in southern China and among Eskimos in
Arctic regions, where it bas an incidence of 20-50 per 100 000 men.
An intermediate incidence is noted in South-East Asia (Moravud,
1990). While HNSCC is closely ussociated with exposure to
tobacco and alcohol, Epstein—Barr virugs (EBV) appears to be an
important aeticlogical factor for most NPC (Liebowitz, 1994).

Loss of function of tumour-suppressor genes has been impli-
cated as being essential for solid tumour development and related
to chromosomal rearrangement regarding the loss of normal chro-
mosomes ¢r segments (Knudson, 1971; Zbu et al, 1992). Various
studies in NPC reported frequent allelic loss on chromosome 3p,
9p and llg and homozygous deletion or hypermethylation of
the p/6 gene (Huang et al, 1991; Choi et al, 1993: Lo et al,
19951996, Hui et al, 1996). The aim of this study was to investi-
gate whether other tumour-suppressor genes are also invelved in
NPC development by analysing the Joss of heterozygosity (LOH}
on every awtosomal arm, Interestingly, allelotyping of HNSCC
have been well characterized (Nawroz et al, 1994; El-Naggar et al,
1995; Field et al. 1993). Allelic loss on chromosome 3p, 9p and
I lg are alse frequent events in HNSCC. In addition, frequent LOH
was observed on other chromosomes, e.g. Op, 8, 13q, 1dq, 17p,
18q and 19¢q (Nawroz et al, 1994; El-Naggar et al, 1995; Field et
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al, 1995). Tt would be of great interest and importance to elucidug
whether the genetic events in Epstein-Barr virus-associated NPC
are similar or distinct from HNSCC,

MATERIALS AND METHODS
Tissues and DNA extraction

Primary NPC tissues were collected from 27 patients befor
treatment at Chulalongkomn University Hospital. The tissues were
divided into two pieces. The first part was sent for routine histe-
logical examination. The second part was imrediately stored in
Tiguid nitrogen until further use. All the tumours were histologh
cally ascertained to be undifferentiated NPC, according to ihe
WHO classification. The 27 tumours tncluded stages ranging from

IT to IV. Blood samples obtained by venipuncture from the same

patients were used as constitutional controls. DNA was extracted
from the tumour tssues and blood leucocytes by methods preve
ously described (Maniatis et al, 1989).

EBV detection and typing by PCR

For the defection and typing of EBV DNA in the tumour tissues,
three previously described polymerase chain reaction (PCRI
protocols were used with some modifications (Sarnple et al, 199(;
Feinmesser et al, 1992; Lin et al, 1993). DNA from cell line B938,
EBV-transformed human lymphocytes (American Type Cultuge
Collection), was used as positive conirol and double-distilled
waler as nggative control.

Dupiex PCR was performed to detect EBV using two sets of
primers. The first amplified the non-polymorphic EBV nuclear
antigen | (EBNA-1}, generating an approximately 610-bp DNA
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Flgure 1  Autoradiographs showing PCR ganotyping of EBV-infected NPC
on & 2% agarose gel stained with ethidium bremide. Tha first lane from the
left is @174 Hae |l standard ONA size marker. + and — are PCR preducts

frem positive controls, B953 cell line, and negative centrols, doubie distilled
waler, respectively. Numbers indicate corresponding PCR products from NPC
patients. (A) Duplex PCR generaling 610-bp and 318-bp DNA fragments for
EBNA-1 and human $-actin genomic seguence respectivaty. (B} PCR
generating 246-bp and 153-bp DNA fragments for EBNA-3C of EBV type B
and type A respectively. (C) PCR ganerating 184 bp and 168 bp DNA
fragments for EBMA-2 of EBV type B and type A respectively

fragment. The second amplified a human [(-actin genomic
sequence, generating an approximately 318-bp DNA fragment.
The oligonucleotide sequences for both sets of PCR primers were
identical to the ones previously reported (Feinmesser et al, 1992).

Twa sets of PCR primers were used for EBV lyping. The first
primer ampiified the EBV nuclear antigen 2 (EBNA-2), gener-
ating a DNA fraginent of 168 bp for EBV type A and of [84 bp for

D351038

D9s5169

D115887
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EBV type B. The second one amplified the EBV nuclear antigen
3C (EBNA-3C). generating a DNA fragment of 153 bp for EBV
type A and cf 246bp for EBV type B. The oligonucleotide
sequences for both sets of PCR primers were identical to the ones
previously reported (Sample et al, 1990; Lin et al, 1993).

The PCR reactions were performed in a total voiume of 20l
using 50 ng of the corresponding tumour DNA in 200 pm dNTP
each, [.5 mmM magnesium chloride, 50 mm potassium chloride.
10 msm Tris-HCI (pH 9.0), G.1% Triton X-100, 0.5 units of
Thermus aguaticus DNA polymerase (Promega) and 0.5 um of
cach primer, The PCR amplifications were performed as follows:
initial denaturation at 94°C for 5 min, followed by 35 cycles of
denaturation at 94°C for 30 s, annealing at 57°C for 30 s, with an
extension at 72°C for | min and a final extension at 72°C for
7 min. The PCR products were then analysed using 2% agarose
gel electrophoresis.

Allefotyping

Fifty-six microsatellite markers for PCR analysis are listed in Table
I. For each chromosomal arm one to five markers were tested.

One strand of each primer pair was end labelled at 37°C for 1-
2 hin a total volume of 10 ) containing 10 um primer, 0.025 mCi
[v-?P]ATP (Amersham) at 3000 Ci mmol-}, 10 mm magnesium
chloride, 3 mm DTT, 70 mm Tris-HC! (pH 7.6) and 190 units of T4
polynucleotide kinase (New England Laborateries). Without
further separating of the unincorporated nucleotides, the kinase
reaction was added to the PCR buffer mix.

The PCR reactions were performed in a total volume of 10 ul
using 50 ng of genomic DNA in 200 um dNTP each, 10 mum Tris-
HC1 (pH 8.4}, 50 mm potassium chloride, 1.5 mm magnesium
chioride (for all reactions, except NFI and D208470, 2.5 and
2.0 mm magnesium chloride, respectively, was added), 0.5 units of
Thermus aquaticus DNA polymecase (Perkin Elmer Cetus) and
the concentration was calculated from 0.05-0.5 um of each primer.

The marker sets of (D381600, D35966, DOS169), (D115534,
GABRB3, D9551, DI10S169), (GLUTZ, D2S102, TCRD),
(IL2RB, D8SE®), (D168287, D4S174), (D215258, MFDI133,
D20517, DiS103), (DI12834)1, Di98221) and (D2SI131,
D105249) were analysed for LOH using multiplex PCR. The
others were amplified as simplex PCR (Mutirangura et al, 1993).

Several PCR reactions, indicated in parentheses in Table 1, have
been optimized for each primer set as follows: for reaction | and 3,
the initial denaturation step at 95°C for 4 min, then followed by 25
cycles of denaturation at 94°C for | min, with 1 min of annealing
at 55°C for reaction I, or 52°C for reaction 3, extension at 72°C
for 2 min and a final extension at 72°C for 7 min; for reaction 2,
the initial denaturation step was 95°C for 4 min, then followed by

0135284 TCRD

Figure 2 Autoradiographs showing LOH analysis using microsateliite markers. Representative NPC umours (T} and corresponding normal leucocytes (N) are
shown with microsateliite markers indicated on the bottom. Markers D9S169, D11S897 and D135284 revaal loss of upper alleles, and markers D351038 and

TCRD reveal loss of lower alleles
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Table 1 LOH and MSI data for each lecus of 27 NPCs
Locus{C)® Location LAI(%%) 11 18 19 24 31 35 38 24 45 &
Stage il Y9 k% v R )% I\ H v ]
T 3 3 2 4 4 2 2 1 4
N v 2o 2° 3 3 0 1 20 bl
M o] C 0 o} 1 0 0 0 ]
WHO 1l 1 1l 1 Il 11 1} I I} "
EBY A A A A A A A A A )
D18243 (1) 1p36.1-2 7124 (28.2) - - U - + - + - U i
D15103 (1) 1931632 5/25 (20.0) + + - - - - i - - 4
025131 (3) 2p 2/20 (10.0) - U - - - - | - - -
023102 (1) 2433937 5/22 (22.7} - + - - + - i + - !
0351038 (3) 3p25 18/24 (75.0) U - u * + + + + u 3
035192 (3) 3p25 U - U + N N + + - ;
D3S966 {1) 3p21.3 12/18 {66.6) - U + + + - i + u !}
D351500 (1) 3p14 15/20 (75.0} U - u + + + i + - i
GLUTZ (1) 3q26.9-2  11/23 (47.8) u + + - - - i * + I
D3S1744 {1) 3923024 - ¥ U N N - j + + X
D4S174 (1) 4plipls  6/23 (26.1) - - - - - - i + U 1
D451554 (2) 41135 4/23 (17.4) - ] + N - + | - - “
058392 (1) 5p 6/25 (24.0) + — N N - N + - u ll'{
D5%819 (2) 5p U u - N - - U U 3
D5882 (1) 5q14g21 7/121 (33.3) - - + + - U i + U U
DBS309 (2) &p 10/21 (47 .6} + & + - U i + - i
D&S503 (3) 89 7/22 (31.8) - - - U + -~ - - i
078517 (1) 70 4/24 (16.7} - + - - - - + + - .
D75486 (2) 7931 626 (23.1) - - - - - - + + - g
NEFL {1} Bp 3/23 (13.0) - - - U - U + - - 8
D8sas (1) 8q22 3/22 (13.5) - - - U - - i - - U
DIS169 (1) Sp21 20/23 (87.0) + - + + + - + + + F
IFNA (2} o9p22 N - U N N — U + + .
D9S51 (1) 9g 11/22 (50.0} ~ + + - + U + - - V
ABL1 (1) 9q34 N + + u U U u U 9] ¥
D105249 (3) 10p 4727 {21.1) - - - N - - - - - -
D10S169 (1) 10q11.2 3/22 (13.8} u - - N u l - U -
0105677 (1) 10q - N NN - - - - K
WT1 (1) 11p13 7/25 (28.0) U U + N - - + U + L |
D115554 (2} i1p - - - N N - U + - -
D115534 (1) 1113 7/27 (25.9) u - - N - U i - - il
D115956 (1) 11913 U - U ¥ N - + - - -
INTZ (1) 11g13.3 - - - - - u i - u 3
D115976 (1} 11923 14/28 {53.8; U - ] N N + + + + -:(
D118897 (2) t1q23 - - - - - U + + + -
D128341 (2} 12p 723 (30.4) - - - + + - i u - 8
MFD133 (1) 12q 4/20 (20.0) U - - + - - i + - 1
D135284 (2) 13q1e.2 14/22 (62.6) N + + + + - i + - i
D13S118 (1) 13q14.3-022 6/20 (30.0) - u + N - U - + U I
TCRD (1) 14g11.2 1019 (52.6) - U U u + U U U + :
D14S118 (1) 14g 6/14 (42.9) u + u N - + U + u 3
GABRB3 {1) 15011013 4/22 (18.2) - - U N - + i - - y
0163287 (1) i8p13.11  4/22 (18.2) - u - + + - - - 3
0168511 (2) 16g22g24  11/23 (47.8) - - - - + + i - + [
D173520 (1) 17pi2 B/27 (29.6) - - - - - - i - - 4
Di781176(2)  17p - - - - - - + - - L
KRTg (2) 17921 6/19 (31.6) + U - - - i - - 3
D18359 {1) 18p11.2 0/20 (0) U - - - - - - - - 2
D18535 (1) 18g21.2 6/24 (25.0) u U - + - u + - + -
DCC {1) 18¢g21.1 U - U + - + i u - =
D193221 {2) 19p 9/25 (36) - + - 8] - - - + + -
0198412 (2) 19q 2119 {(10.5) u - - U U - i - U L
D205470 (3) 20p 4/20 (20.0) - + - N - i - + ('
D20817 (1) 20q12 3/20 (15.0) - U + - - + - 2
0218258 (1) 21q 3/20 (15.0) - U u U - - - + u -
IL2RB (1) 22q 10/22 (45.5) U - + N + - + - + L
-

2C, PCR condition; L, number of positive LOH cases; |, number of informaltive cases: R, recurrence; A, EBV type A; B,
EBV type B; +, positive LOH result; -, negative LOH result; i, microsatellite instability: U, uninformative result; N, not done.

British Journal of Cancer {1997) 76(6), 770-776
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Figure 3 Frequency of allelic loss for autosome in NPC. Allelotyping was
accomplished using polymaorphic microsateliite analysis. The probes used
are listed in Table 1

five cycles of step-down PCR denaturation at 94°C for 1 min, with
1 min of annealing at 60°C, 59°C, 58°C. 57°C and 56°C. extension
at 72°C for 2 min and 25 cycles of denaturation at 94°C for | min,
annealing at 55°C for | min, with extension at 72°C for 2 min and
a final extension at 72°C for 7 min.

Two microlitres of each reaction were mixed with |l of
formamide-loading butfer, heated at 95°C for 2 min, put on ice for
30 s and then loaded onic 6% polyacrylamide/7 m urea gel. DNA
fragments were size fractionated at 70 W until the tracking dye
reached the appropriate point on the gel. After electrophoresis. the
wet gel was wansferred to filter paper (Watman), wrapped with
Saran wrap and exposed to Kodak T-mat radiographic film for
6-24 h at =70°C with an intensifying screen.

RESULTS

Twenty-seven EBV-associated NPC samples were selected for
LOH studies. All biopsied specimens were histologically
confirmed. Among these 27 cases, 15 were WHO type I and the
others were WHO rype 1. Twenly-six cises were infected with
EBV subtype A and one case with type B (Figure | and Table 1).

LOH in NPC

A pane!l of 56 microsatellite polymorphic markers representing
every chromosomal arm was used to screen for LOH frequency.
Table 1 shows the polymorphie loci used to test each chromosomal
arm. patent staging, EBV typing and LOH. as well a3 microsatel-
lite instability {MSI) results. Results representative for LOH are
shown in Figure 2. Frequencies of LOH for each autosomal arm
are represented in Figure 3.

The frequencies of LOH from each chromosomal arm varied
from (% to 87%. Chromosome 3p and 9p with 78% and 87%,
respectively, revealed higher incidence than other chromosomal
arms. For chromosome 3p. further analysis displayed that there
were at least two LOH loci, which were 3pl4, D3S1600 and 3p25,
D35192 and D381038. Two cases, 51 and 70. showed LOH from
3p25 but not 3pl4. In contrast, two cases. 47 and 50, revealed loss
from 3pl4 but not 3p25. Two cases, 35 and 93, presented loss from
both 3p14 and 3p25 but not 3p21. Thus, 3pl4 and 3pZ5 were two
separate LOH loci. Other regions with allelic loss over 50% were

British Journal of Cancer (1997) 76(8), 770-776

KRTQ

DCC

Figure 4 Autoradiograph showing the microsatellite instability al KRT9 and
DCC loci. N, normal DNA; T, tumour DNA

on chromosome 9q (50.0%}), 11q (53.8%). 13q (63.6%) and 144
(52.6%). Further analyses of chromosome 1lq revealed higher
frequency of LOH on [1g23 (53.8%), while only 7 cut of 21
{25.9%) had LOH on 1 1gl3. Additicnal analyses on chromosomé
13 displayed thar the incidence of LOH for D135284, located an
13q14. wus higher than D13S119, located on 13g)4.3-q22. LOH
between 35% and 30% wus noted on chromosome 3q (47.8%), 164
(47.8%), 19p (36.07%} and 22q (45.5%). Finally, several othe
chromosomes demenstrated allelic loss in 20-35%.

MSi in NPC

Out of 27 samples tested, MST for multiple loci was presented i
only one case. i.e. 38, MSI was revealed in 25 of 36 loci. In addi-
tion, sample 93 demonstrated MSI on two loci, D115956 and
D18835, and sample 33 showed MSI on one locus, DI11S956
Representative resulls for MS1 are shown in Figure 4. No signifi
cant clinical difference was noted regarding these cases.

DISCUSSION

Several areas of chromosomal loss during cancer development and.
progression are associated with inactivation of both rumour
suppressor gene alleles (Huang et al. 1991; Zhu et al, 1992; Nawroz
et al, 1994). In addition, they are correlated with the histopathology.
staging and clinical outcome of cancer {Broder et al. 1995). Here
we demonstrated several chromosomes with significant LOH i
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NPC. While several LOH loci are common to HNSCC, some
dppear to be unique to NPC progression.

Previously Choi et al (1993) showed LOH on chromosome 3p
ior all of the informative 35 NPC cases and Huang et al (1994)
studied chromosome 9p and found allelic {oss on 11 samples from
18 NPC. Consistently, in this study, 1wo of the highest incidences
of allelic loss have been shown on chromosomes 3p (78%) and 9p
i87%). Three LOH loct have been reported on chromosomes 3p.
Ipl4, 3p21 and 3p25 (Maestro el al, 1993). This study revealed
that, at least, the 3pl4 and 3p25 loci are associated with NPC
development. 1t should also be noted that a putative fumour-
suppressor gene, VHL, is the candidate gene on chromosome 3p25
Latif et ai, 1993). For 9p, the LOH locus has been defined on
thromosome band 9p21; and gene p{6, which controls cell cycles,
s previously been shown to have homozygous deletion or hyper-
methylation (Lo et al, 1995, 1996). Interestingly, 9p LOH has now
been well documented in precancerous lesions of HNSCC (El-
Naggar et al, 1995). It is interesting to investigate whether genetic
dlterations of chromosome 9p might also be an carly event of NPC
wreinogenesis.

Allelic loss of chromosome |1g has been observed in several
sther tumour types, such as HNSCC, breast, ovary and lung
WNawroz et al, 1994: Gudmundsson et al, 1993a; lizuka et al,
1995). Poor prognosis of breast and ovarian cancer has been asso-
dated with 11gLOH (Gudmundsson et al, 19934). At least three
LOH loci have been delineated on chromosome 11q. 1113, 11gl5
and 11923 (Tizuka et al, 1995). In addition, 11ql3 is a chromosome
kgion with a high frequency of amplification in HNSCC
Meredith et 2], 1995). This results in allelic imbalance and may be
difficult to distinguish from LOH. This study described a higher
liequency of allelic loss in NPC on 11g23 than on 11g13. It should
iso be noted that the LOH on 11g23 may be related to the ataxia-
ielangiectasia locus (Savitsky ct al, 1995).

Chromosome 13qLOH is also frequently detected in several
ncers, such as retinoblastoma, breast cancer and HNSCC (Zhu et
il, 1992: Nawroz et al, 1994; Gudmundsson et al, 19956). This
sludy has shown that the common LOH locus in NPC may be
bcated proximal 1o 13q14.3. Ar least two tumour-suppressor
wnes are located proximal to this region. The first is Rb,
glinoblastoma gene, and the other is BRCAZ2, the candidate gene
or the second locus of the familial breast cancer syndrome (Zhu et
4, 1992; Gudmundsson et al, 19955). Previous mutation analysis
uf R on NPC demonstraled negative results (Sun et al, 1993).
Thus, it is tempting to hypothesize that the BRCA2Z tumour-
wppressor gene may be responsible for NPC devetopment. ’

The allelic loss of chromosome 14q was also frequently found
0 other types of cancer, e.g. bladder cancer, neuroblastoma,
“wlorectal cancer and HNSCC (Fong et al, 1992; Young et al,
1993; Nawroz et ai. 1994; Chang et al, 1995). A recent study has
%lineated two tumour-suppressar gene loci on chromosome 14,
‘& 14q12 and 14q32 (Chang et al, 1995). Interestingly, LOH of
Hq is associated with an advanced phenotype of neuroblastoma
and frequently found in advanced colorectal cancer (Fong et al,
1992: Young et al, 1993).

Chromosome 17p is one of the most common regions with
senetic alterations reported in cancer. p33, the best known tumour-
Mppressor gene, 15 located on this chromoseme (Carson et al,
1995). p53 alterations. including protein expression and mura-
lons, are commoa in HNSCC while mutation of p53 in NPC is
tifrequent (Field et al, 1991; Boyle et al, 1993, Shin et al, 1994,
drennan et al, 1995; Chakrani et al, 1995). The LOH study of this
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chromosome supported the mutation data in which allelic loss of
chromosome 17p was naticed in only 30% of the NPC, while
previcus reports revealed 50% LOH of the HNSCC (Nawroz et al,
1994; Field et al, 1993).

Among 27 cases tested, {5 were WHO type II and 12 were
WHO type III. The average frequencies of LOH for each chromo-
some region were 0.34 and 0.31 for WHO type 1T and 01 respec-
tively. Interestingly, LOH was found to be more frequent on
chromosome 4p, 7p, 9q. i1q and 22q for WHO type I, while a
higher frequency of LOH for WHOQ type [II was reported on chro-
mosome 6p and 15q. However, because of the limited number of
wmours, these comparative data are oot statistically significant.

MS] is presented as variations in the length of microsutellite
repeats in tumeour DNA when compared with matched normal
DNA. The abnormality in the size of the microsatellite loci has
been observed in various types of cancer as well as in hereditary
non-polyposis colorectal cancer (HNPCC) (Thibodeau et al.
1993). In HNPCC, routations in a number of DNA mismatch
repair genes (AMSH2, hMLHI, hPMS! and APMS2) have been
reported. Thus, MST may be the consequence of decreased accu-
racy of the DNA mismatch repair systetn during DNA replication,
which might facilitate the accumulation of mutations (Rhyu,
1996). This study has presented MSI of multiple loci in only one
out of 27 NPC samples tested. This suggests that the phenomenon
of MSIis a relatively rare event during NPC development,

NPC is a unique subclassification of HNSCC as a result of its
endemic distribution and aetiological cotactors. It would be of
great interest and importance (o elucidate whether the genetic
events in Epstein—Barr virus-associaled NPC are similar or distinct
from HNSCC. Previous HNSCC studies bave demonstrated a high
frequency of LOH on chromosomes 3p. 3q, 6p. 8p. 8q, 9p, llq,
13q, 14q. 17p, 18q and 19g (Nawroz et ai, 1994, El-Naggar et al,
1995 Field &t al, 1995). Nawroz et al (1994) studied 29 HNSCCs
and showed 67, 30, 38, 40, 38, 72, 61. 54, 39. 52, 23 and 40%
allelic losses respectively. Additonally, Field et al (1995) tested
80 specimens and found LOH more frequently on chromosome 3p,
8p. 9p, 13g, 17p, 18q and 19q for 52, 35, 62, 27, 50. 49 and 29%
respeclively. Finally, El-Naggar et al (1995) studied 20 patients for
[LOH on chromosome 3p, 5q, 8p, 9p, 9q. g and 17p, and a high
incidence of LOH in iovasive carcinoma was observed at 9p
(72%), 8p (53%), 3p (47%), 9q (35%) and 11q {33%). Similar
incidences on chromosomes 3p (78%), 3q (48%). 6p (48%). 9p
(87%), llq (54%), 13q (649%) and l4q (43%) have also been
detected regarding NPC. However, NPC revealed lower inci-
dences of LOH on chromosemes 8p (13%), 17p (30%) and 19q
(11%). In contrast, this study has shown frequent allelic loss
regarding NPC on chromosomes 16q (48%) and 22q (46%). As
several genetic alterations of NPC and HNSCC are similar, the
multistep processes for the development and progression of both
caricers overlap. However, some genetic changes seem to be
unique in the biology of NPC development.

It would also be of interest to compare these allelotyping data
with the allelic loss pattern of other EBV-associated neoplasias,
for example post-immunosuppression/transplant. AIDS-related
and Burkitt’s lymphomas. However, there is only limited knowl-
edge of LOH for comparison at present,
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ABSTRACT

The expression of telomerase, a ribonucleoprotein complex, is necessary
to overcome cellular senescence, and it is associated with immortal cells
and cancer. However, its role in precancerous lesions such as oral leuko-
plakias is less known. The purpose of this study is to investigate the
presence of telomerase activity in oral leukoplakia and the relationship
hetween the enzyme and multistep tumorigenesis. Telomerase activity was
detectable in 14 of 16 human head and neck squamous cell carcinomas
and 10 of 26 oral leukoplakia tissues. Ye also showed that the expression
of telomerase in the premalignant lesions was associated with phenotypic
progression, the degree of dysplasia. These results indicate that telomerase
is activated frequently during the late stage of oral premalignancy and
may play a crucial role in head and neck squamous cell carcinogenesis.

INTRODUCTION

Head and neck carcinogenesis is a process of “field cancerization,”
the repeated exposure of an entire field of tissue to carcinogenic
insults {e.g., tobacco and alcohol), which increases the risk for devel-
opment of multiple independent premalignant and malignant focj (1).
The evolution of HNSCC? reguires multiple steps in which the grad-
ual accumulation of somatic mutations alters cellular growth, prolif-
eration, and differentiation and is expressed histologically as a pro-
gression from normal epithelium to precancerous lesions and invasive
carcinoma (2—4). The genetic alterations in the formation of HNSCC,
especially mutationa] activation or overexpression of oncogenes and
loss of normal function of tumor suppressor genes, have been iden-
tified (5). However, most cells with cumulative mutations do not
progress toward matignant transformation. Only few cells with ge-
netic aberrations will succeed in carcinogenesis ¢(6). The crucial ge-
netic even(s in the development of HNSCC are not well understood.

Oral Jeukoplakia and erythroplakia are seen grossly as white and
red patches or plaques that cannot be classified with other entities (7,
8). Both show ranges of histological changes including epithelial
thickening due lo increased cell layers and varying degrees of accu-
mularion of surface keratin. Some show evidence of dysplasiz or early
invasive carcinoma. Abnormal vascular patterns and inflammation in
the submucosa are often noted and may contribute to the red appear-
ance in erythroplakia. Both leukoplakia and erythroplakia are precan-
cerous lesions and provide unigue models to study multistep tumoz-
igenesis {7, 8). The malignant transformation rate of oral leukoplakia
varies from 0 to 20% over 20 years and up to 40% for erythroplakia
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(4, 9). Previous investigators have been searching for biomarkers for
risk assessment in these premalignant lesions. Histological evaluation
for the presence or absence of dysplasia is the most reliable indicator
of carcinomatous development {10).

Telomerase is a ribonucleoprotein enzyme that synthesizes te-
lomeres, the specialized structures containing unique simple repetitive
sequences (TTAGGG in vertebrate) at the end of chromesomes (11,
12). The enzyme compensates for the end replication problem and
allows cells to proliferate indefinitely (13). Recent studies, using the
TRAP, have shown that telomerase is activated in most human cancer
tissues but not in most normal tissues and tissues adjacent to malig-
nant or benign tumors {14). In addition, previcus studies have shown
that the lack of telomerase activity correlates with critically shortened
telomeres and frequent spontaneous cancer remission (15). Thus, the
expression of telomerase is important and may be a rate-timiting step
for tumer progression (14).

The expression of telomerase occurs in differeni stages of cancer
progression depending on types of malignancy. In certain tumor types,
such as non-small cell lung cancer and gastric cancer, telomerase is
activated in higher frequency in the late stages of tumor progression
(16, 17). In tumors such as hepatocellular carcinoma and mouse skin
cancer, telomerase activity has, however, been detected in premalig-
nant stages (18, 19). To identify telomerase activity in the multistep
carcinogenesis of HNSCC, we performed a TRAP assay in oral
leukoplakia and HNSCC. In addition, we studied the clinicopatholog-
ical correlation of oral leukoplakia tissues and their telomerase
actjvities.

MATERIALS AND METHODS

Tissues. Samples were obtained by punch biopsy or surgical resection from
26 oral leukoplakias, 16 HNSCCs, and |8 normal cral tissues adjacent to
Jeukoplakias (14 cases) or cancer (4 cases). These samples were each divided
inte 1wo pieces. The first part was sent for routine histological examination.
The second part was immediately stored in —80°C until used. All H&E-stained
slides were reviewed by one pathologisi (S. Y.) to determine hisiological
differentiation of tissues according 1o the criteria described previously (8, 20,
21). The hyperplastic lesions, G0, were classified according to the increased
number of cells in the epitheiium. For the classification of dysplasia, the
nomenclature of the CIN classification was used (GI-GUI as compared with
CIN I, CIN 1L, and CIN I, ie. mild, moderate, and severe dysplasia,
respectively). The squamous cell carcinomas were also classified according 10
the loss of differentiation that the lesions exhibited, using the Union Intemna-
tional Contre Cancer classification (G| for well differentiated, G2 for moder-
ately differentiated, and G3 for poorly differentiated squamous cell cancer).

Telomerase Assay. TRAP was performed as described previcusly (18).
Each sample of 10--100 mg frozen tissue was first washed in 500 i ice-cold
PBS (calcivm and magnesium free), then homogemzed in 20-200 ul of
ice-cold CHAPS lysis buffer [10 mp Tris-HCI (pH 7.5), 1 mm MgCl,, ] mm
EGTA, 0.1 mm phenylmethylsutfonyl fluoride, 5 mm B-mercapioethanol, 0.5%
CHAPS, 10% glycerol, diethylpyrocarbonate H,0O] depending on the size of
sample, using a manual homogenizer. After 3¢ min of incubation on ice, the
lysate was centrifuged at 14,000 X g for 30 min at 4°C. The supernatant was
aliquoted, flash frozen in liquid nitrogen, and stored at —80°C. The protein
concentration was determined by Micre TP assay kit (Wako Pure Chemicals,
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Industries, Ltd.). The typical protein concentration of the extract was between
I and 10 pg/ul, and an aliquot of the extract centaining 6 pg of protein
{(standard condition) was used for each TRAP assay.

Telomerase activity was measured using Epsiein-Barr virat-transformed
human lymphocytes (American Type Culture Collection cell line B958). Cells
were harvested and washed twice with ice-cold PBS, then resuspended in 100
ul of ice-cold CHAPS lysis buffer per 10, cells and processed as for tissue
extracts, The supernatant, which had a cell concentration of 10, cells/ul, was
diluted serially at 1:10 and 1:100 to obtain the standard {0, and 10, cells/ul,
respectively. The same protocol without serial dilution was used for normal
cultured fibroblasts as negative control.

The TRAP assay was performed as follows. Appropriately dituted exiracts
(6 pg protein) were assayed in 50 pl of reaction mixture containing 20 mm
Tris-HCI (pH 8.3); 1.5 mm MgCly; 632 mm KC); 0.005% Tween-20; | mm
EGTA; 50 um dGTP, dATP, and dTTP; 5 pM dCTP; 0.1 kg of the deoxyo-
ligonucleotide primer TS (5'-AATCCGTCGAGCAGAGTT-3); | pg of
T4g32 protein (Boghringer Mannheim}, 4 ul of o-5,p dCTP (10 pci/ul, 3000
ci/fmmol); and 2 U of Tag polymerase (Perkin-Elmer Corp.) and diethylpyro-
carbonate H,O in 0.5 mJ wbe. The rube comtained 0.1 wg of the deoxyoligo-
nucleotide CX (5"-CCCTTACCCTTACCCTTACCCTAA-3") sequestered at
the bottom by a wax barrier (Ampliwax; Perkin-Elmer Cetus). After 10 min of
ircubation at 23°C to allow telomerase-mediated extension of the TS primer,
the reaction tube was then subjected to 30 PCR cycles at 94°C for | min, 50°C
for 1 min. and 72°C for 1 min. Aliquots (5 ul) of the PCR mixture were
analyzed on 8% nondenaturing polyacrylamide gel in 0.6X Tris-borate EDTA
buffer until the xylene cyano! had migrated 17 cm from the origin {(gel size
20 X 40 ¢m). The gels were then exposed to Kodak XAR-3 Xeray film at

—70°C with an intensifying screen. The positive results were compared with
the telomerase activity of 100 and 1000 cells of B958. Duplicate assays were
performed on all samples with and without RNase pretreaiment to a final
concentration of 0.05 mg/mi for 10 min at room temperatuce. Data were
collected blindly and deceded later.

RESULTS

Telomerase Activity in Oral Premalignancy and HNSCC. In the
present study, we analyzed [6 samples of HNSCC, 26 of oral teuko-
ptakias, and [8 of normal oral tissues adjacent to 14 leukoplakias and
4 cancers (Tables 1 and 2). B958 cells were used as positive controls
and cultured normal fibroblasts as negative controls (Fig. 1). Telom-
grase activity was detectable in most of the cancer tissues, 14 of 16
cases (87.5%). Only 10 of 26 (38.5%) oral leukoplakia and erythro-
plakia samples were positive, All but one, CU34, adjacent (o normal
oral epithelium, lacked detectable TRAP activity (Fig. 1). Pretreat-
ment of all extracts with RNase abolished telomerase activity.

Because both leukoplakia and cancer showed variation in the in-
tensity of the TRAP signals, we compared the intensity of the ladder
signals with serial dilution of cell line B938, 100 and 1000 cells,
respectively. A gradual increment of TRAP intensity was observed
and varied directly with the number of the immortalize cells tested.
We then semiguantitatively compared the density of each positive
TRAP result with the serially diluted B958 cell line. The dosage of

Table | Clinical data and 1elomerase aciiviry in oral levkoplakia and HNSCC

Telomerase

Onsel —_— .
Patient code Age Sex Location (month) R Diagnosis Histological classification K rhf== Dosage
Cul 37 F Bucca and tongue 6 - Erythroplakia GI - + <100
cu2 74 F Lateral border tongue 2 - Leukoplakia GO + -
CU2ZR T4 F Lateral border 1ongue 1 + Leukoplakia GO + + <100
cus 57 M Lower denial ridge 12 - Leukoplakia GO/Gl + + <100
cull 45 M Lateral molar rigone 8 - Leukoplakia ND ND -
CuI3 40 F Lateral border tongue 5 - Leukoplaiaa GG + -
Cul4 64 M Retromolar trigone 2 - Leukoplakia GO - ~-
Cuis 70 M Hard palate 48 - Leukoplakia GO + -
CU16 60 F Buccal mucosa 12 - Levkoplakia GO +
cuil7 59 F Buccal mucosa 3 - Leukoplakia GO + -
culs 40 M Buccal mucosa 0.5 - Leukoplakia G + -
CULSR 40 M Buccal mucosa 1 + Leukoplakia GO + —
CuUz0 58 M Buccal mucosa 2 + Leukoplakia GO + + <100
cu2l 42 M Buccal mucosa 40 - Leukoplakia GO + -
Cu23 40 F Buccal mucosa 12 - Leukoplakia GO + -
Cuz4 7 F Buccal mucosa 72 + Levkoplakia GO + + > 1000
Cu2s 64 F Buccal mucosa 2 - Leukoplakia GO + + 100-1000
cu6 51 M Lateral 1ongue 1.5 - Leukoplakia ND ND -
cuzs 6l M Lateral tongue 2 - Leukoplakia Gl - + = 1000
cu37 58 F Buccal mucosa 12 -+ Leukoplakia GO + -
Ccuze 39 F Buccal mucosa 40 - Leukoplakia GO + -
CU44 40 F Buccal mucosa Vi - Leukoplakia Go - -
Cu42 78 M Bugeal mucosa 2 - Erythroplakia GO + + 100-1000
Cu4l 42 F Tongue 6 - Leukoplakia GO/Gl + + <100
RAMAS 73 F Upper first molar 2 - Leuvkoplakia GO + -
RAMAILS 62 F Lower lip 40 — Erythroplakia GI - + = 100
cu3 63 F Retromolar trigone V carcinoma v + <100
CUs 80 F Lateral tongue V carcinoma v + 100- 1030
Cu10 78 M Lateral tongue sCC Gl + 100-1000
cuyzz 40 F Lateral longue sCC Gl -
cu9 78 F Buccal rucosa SCC Gl + <100
cue 55 M Tongue s5CC Gl + 1001000
cuz9 80 M Floor of mouth SCC Gl -
CUzl1 B0 M Tongue SCC Gl + =>1000
CuU3s 65 F Lower lip SCC Gl + > 1000
CU40 62 F Lower gum sCcC G2 + <100
Ccuz8 63 M Floor of mouth sce G2 + 100-1000
CU30 38 F Tongue scc G2 + = 1000
cu32 72 M Glouis 5¢CC G2 + <100
cus3 83 M Hard palate SCC G2 + > 1000
CuU3s 8] F Aryepigolotiic fold SCC G2 + =000
cuz7 50 M Nasopharynx NPC G3 i <100

% R. recurrence from previous laser surgery; K, keratosis: F. female: M. male; +, positive: —, negative; ND. not done: GO, hyperplastic lesion: GI. mild dysplasia: GiI. moderate
dysplasia: GII, severe dysplasia; V. verrucous carcinoma; SCC. squamous cell cancer; NPC. nasopharyngeal cancer; G, well differentiated; G2, moderalely differentiated: G3, poorly

Jifferentiated.
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Table 2 Telonierase activiry in HNSCC and oral levkoplakic

Telomerase activity

Conditions Pasilive  Negative Total
Cancer
Verucous carcinoma 2 0 2
Squarmnous cell cancer 1! 2 13
Nasopharyngeal cancer | 0 1
Total HNSCC 14 2 16
Oral premalignant lesion
Gross appearance
Leukoplakia 7 16 23
Erythroplakia 3 0 3
Total oral Jeukoplakia and erythroplakia 10 16 26
Histological finding
GO without history of recurteace after treatment 2 11 13
GO with history of recurrence after reatment 3 2 5
Total GO cases 5 13 18
GO/GI 2 1 3
Gl 2 0 2
Gn | 0 I
Toal cases with dysplasia 3 1 6

“ GO, hyperplasia; GO/GI, mixed betwesn hyperplasia and mild dysplasia; GI, mild
dysplasiu. GT1, moderate dysplasia.

telomerase activity was then recorded as <100, 100-1000, or > 1000,
indicating whether the intensity of those bands was less than 100, or
between 100 and 1000, or more than 1000 B958 cells, respectively
(Fig. 1). The variation in expression of telomerase has been detected
in both oral lenkoplakias and HNSCCs. Nonetheless, in general the
leukoplakias expressed less activity than the cancers. From 10 leuko-
plakias with positive TRAP assays. six (60%) showed activity less
than 100 B958 cells. Only four (40%) exhibited activity more than
100 B958 cells; of these four leukoplakias, two (20%) were between
100 and 1000 cells, and the cther two (20%) were more than 1000
B958 cells. Although the cancer samples also showed vadation in
intensity of TRAP assay, the activity tended to be higher than in
leukoplakia. From 14 positive samples, only five (35.7%) demon-
strated activity less than 100 B958 cells. Nine (64%) had activity
kigher than 100 cells, four (28%) with 100-1000, and the other five
(35.7%) with more than (000 B958 cells (Table 13

Telomerase Activity and Clinical Data in Oral Leukoplakia and
HNSCC. The clinical data, histological findings, and TRAFP assay of
the oral leukoplakia and HNSCC patients are summarized in Tables |
and 2. Telomerase activity was examined in 16 HNSCC tissues, which
included 13 squamous cell cancer tissues, two verrucous cancer lis-
stes, and one nasopharyngeal cancer WHO type ITI with positive
Epstein-Barr viral infestation shown by PCR assay (data not shown).
The enzyme activities were detected in all but two cases. Both
negative cases were from well-differentiated squamous cell cancers.

Ten samples from the 26 premalignant tissues {38.5%) exhibited
positive TRAP results. The presence of telomerase activity was asso-
ciated with the more progressive (Table 2). Eighteen hyperplastic
lesions were tested. Five of them had a history of recurrence after
previous laser surgery in which two also had leukoplakia samples
tollected prior to surgery {CU2 and CUI(8). Five of the 18 (27.3%)
hyperplasiic lesions were positive. Three of the five {(60%) recurrent
hyperplasias showed positive TRAP results. Interestingly, one of the
three cases (CU2), the sample prior laser surgery, showed negative
iglomerase activity. The hyperplastic oral epithelia without history of
{previous surgery demonstrated fewer positive TRAP results in only 2
{af 13 samples (15.8%). The dysplastic lesions demonstrated a higher
irequency of detectable telomerase activity. Six samples were tested,
one with moderate dysplasia (GII), two with mild (GI), and three with
amix between mild dysplasia and hyperplasia (GI/G0). Five of these
{83.3%) demonstrated telomerase activity. [n only one sample with
GO/GL, the TRAP assay was negative. Telomerase activity was more

frequently detectable in the erythroplakia samples than in leukoplakia.
Al} three erythroplakia tissues demonstrated positive TRAP assay
{(100%}. On the contrary, only 7 of 23 (30.4%) leukoplakias showed
positive results. No obvious correlation was demonstrated with age.
sex, history of risk factor exposure (data not shown), location of
leukoplakia, and onset of the diseases.

DISCUSSION

This study has demonstrated that telomerase activity was detectable
not only in almost all (87.5%) of the HNSCCs but also in 38.5% of
premalignant lesions, such as oral leukoplakias. In leukoplakia, pos-
itive activities were associated more frequently with dysplasia
(83.3%) than with hyperplasia (27.3%). This result may indicate that
telomerase mainly expresses in late head and neck sguamous cell
carcinogenesis but prior Lo a fully developed cancer phenatype. Te-
lomerase activity also had positive correlation witl erythroplakia
samples. Interestingly, erythreplakia has been shown to have a ma-
lignant transformation rate higher than that of leukoplakia (4, 7).

Nevertheless, these data also indicate that telomerase is not always
activated during the dysplastic stage. Not all malignant and dysplastic
Jesions exhibited telomerase activity. This suggests that felomerase
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Fig. 1. Telomerase activity in leukoplakia and HNSCC. + and —. with and without
RNase pretrcatment, respectively. Extracts of Epsiein-Barr virus-immortalized human
lymphocyte cell line B9SE of 105, 10 and 10 cells were nsed as the posilive controls.
Normal cultured fibroblast (£} was the negalive conurol. Leukoplakia (CL/25 and (U42),
and HNSCC (CU28 ang CUI8) were ussayed in an aliquot containing & wg of protein. Al
cancer and leukopiakia sampies showed detectable telomerase acuvity.
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have demonstrated similar results (14, 16, 17).

Some hyperplastic lesions demonstrated telomerase activity. This
might be due to the presence of contamination with dysplastic cells,
which were not visualized under a Light microscope but were detect-
able by TRAP assay. However, it is possible that telomerase activity
is present in some premalignant cells without dysplastic change. It is
interesting to note that the detection of telomerase activity was more
frequent in cases with a history of recurrence after laser surgery,
although one previously showed negative activity. This might be the
result of the selective advantage of previously unidentified immortal-
ize cells. However, it is also possible that the surgery indirectly
induced a number of cell divisions and consequently an increased
chance of telomerase activation.

Because leukoplakia is often associated with inflammation in the
submucosa, it is possible that telomerase activity of normal lympho-
cytes associated with these lesions may confound the interpretation of
the results. However, this should be unlikely because normal lymph-
oid organs, e.g., lymph node and spleen, had no detectable TRAP
assay, and these should represent telomerase activity of normal lym-
phocytes (22, 23).

This study suggests that telomerase is frequently activated at late-
stage carcinogenesis of HNSCC. Nevertheless, the onset of activation
can vary considerably starting from hyperplasia to late-stage cancer.
Moreover, some cancers may not require immortalization during
multistep carcinogenesis. How this enzyme is activated during tumor-
igenesis is not yel elucidaied, A previous complementation study
suggested that immortalization was recessive and of genetic hetero-
geneity (24). mmortalization during tumorigenesis may be a conse-
guence of mutation(s) occurring in the telomerase repression pathway
(23). If this pathway is unique and independent from the development
of invasive cancer phenotypes, cellular immortalization can develop at
any step of carcinogenesis. The significant correlation between telom-
erase activity and late-stage carcinogenesis of HNSCC may be the
result of a higher mutation rate involving telomerase repression during
this stage.

Mot all leukoplakias will convert 1o cancer. Some lesions are
self-limited, whereas others may persist for years before malignant
transformation (9, 10). Thus, it ts desirable to identify biomarkers that
would be useful for detection of precancerous lesions. Because te-
lomerase activity is detectable in the intermediate step of HNSCC
carcinogenesis, it may serve as a biomarker for cancer risk assessment
in patients with oral leukoplakia.
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Loss of Heterozygosity for Chromosome 11 in Epstein-
Barr-Virus Associated Nasopharyngeal Carcinoma

APIWAT MUTIRANGURA, M.D., Ph.D.#, CHANTRA TANUNYUTTHAWONGESE, M.Sc.**,
VIRACHAI KEREKHANJANARONG, M.D.*** VIROTE SRIURANPONG, M.D ¥*¥*,

WICHAI PORNTHANAKASEM, M.D.¥, SAOWANEE YENRUDI, M.D #**¥¥,

PAKPOOM SUPIYAPHUN, M.D.***, NARIN VORAVUD, M.D ***#*

Nasopharyngeal cancer (NPC) is a subset
of head and neck squamous cell cancers (HNSCC)
with unique endemic distribution and etiologic co-
factors(t-3). Although NPC is rare among Euro-
pean and North American Caucasians, it is one of
the most common cancers in Southern China and
among Eskimos in Arctic regions where it has an
incidence of 20 to 50 per 100,000 males. An inter-
mediate incidence is noted in Southeast Asia.
Several etiologic factors have been identified for
NPC. These include the Epstein-Barr virus (EBV),
environmental factors, genetic susceptibility, and
human leukocyte antigens(l'4). EBV has been con-
sidered a crucial factor for NPC clonal evolution
especially for NPC type II and IIT, WHO classifica-
tion(3). Several genetic changes in NPC were also
reponed(316‘7). Loss of heterozygosity (LOH) of
chromosome 3p and 9p were common events(6:7),
In addition, homozygous deletion on chromosome
9p21-22 was detected in some cases(6). Certain
oncogenes and tumor suppressor genes have been
studied in NPC. Bel-2, c-myc, ras and p53 has been

djsplayed(7'10). Thus it is temnpting to hypothesis
that during NPC development, EBV acts during
injtiator as well as promotion to inroduce multi-
ple genetic changes leading to cancer. Study roles
of EBV and genetic alterations in NPC develop-
ment are a necessary step towards understanding
it.

The goal of this project was to describe
which loci of chromosome 11 exhibit LOH in NPC.
Allele imbalance on chromosome 11 loci is a fre-
quent event in several cancers, for example, lung
cancer, head and neck squamous carcinoma, breast
cancer and bladder(11-14). LOH studies on chro-
mosome 11 have revealed at least three genomic
regions, 11pl13 and 11223 that commonly undergo
loss in solid tumors(13), However, thus far there
have not been any reports regarding the possible  in-
volvement of this region in NPC.

In this study we used a panel of short
tandem repeats polymorphic markers (STRPs) to
investigate region showing LOH from NPC on
chromosome 11.
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Table 1. STR results on 25 NPC patients.
Locus Location Tumours number
11 18 19 24 31 35 38 44 45 46 47 50 51 53 56 57 67 70 72 76 83 86 102 103 105 LOH
%o

WTI I1pl2 u v + N - - + U + U - U + + - u - - - U 19} - u . u

304
DIISs54  Llp - - - NN - U + - - - U - N - - N - N - - + - -
D118534  1iql3 v - - N - UN - - N U U - U + - U U - - - U - - . 4
D118956  1iql3 u - Uu u N - + N - - - - N+ + N + - - - N - - u + 20
INT? 11q13 - - - <« UN - U U - U - U + U + - - - - - - ﬁ
D11§S976  11g23 u - U N N + + + N N N + U N N - N N N N N - + U +

455
DI15897 11923 - - - - - U + N + U - u - + U u + + - - u - + - +

U: uninformative, N: not done, +: positive for LOH, -: negative for LOH

DdN QALVIDOSSV-AGH NI 11 FWOSOWONH) ¥04 ALISOOAZOWALAH J0 $$0T  1'1ddng 6L 10

L9S



LY 2 1wy oqqissod st ur snyy, "gzby1 pue dyy uo
pa1oslep Sem HO'] wuonbory azowr “Juesyrudis ss9)
St €1DIT U0 HO'T 2[TUM "DdN Ul 11 SWosoworgd
U0 HO 1wesjudis Jey) polensuouwlap om SIaf
'HOT woy ysmIunsip o) na1gip oq Aew pue asue|
sEqual offsjle Ut symsal S “(7-3DOSNH Ul uon
-eaidure jo Asuenboy ydm yim uoiFer swosous
“0gd e st £1b]] ‘uonippe uj *(7)uoiBa1 £7-7ZbI1
a1 01 paddewr usaq aaey sauad (1) eiseondue)
BIXEIE o) pue (Oz)uogﬂa.r ¢Tb11 oy o1 paddew
u3aq sey snoo [-NF AUl eued (L) 1 Jnowny
suipg o sessod dyy swosowony) jusmdojaaap
190UED 10] [RIONID 2I8 1B ] SWIOSOWOIYD U0 10|
1Y) 1583 18 3Te QAL ((1)SIOOUED JO SWOINO
Eotuno pue Juiders ‘AZojoedolsty au (Pim poje[al
=100 1o/pue uoissaidord 1eoues I10] 51092 Juanbol)
9le $2$50] [BUIOSOUIOID JO SE2IB [BIDADS

(g1, HHOT ‘onssn owm
Ul 9[2f[e SUO JO SSO[ ® $& $23UBYD JUIOSOWIOIYD Y]
$zIg009l [[Ia ‘AIf[alesolond 0 (J1y) wsiydiow
-fjod q3us) uswBey vonoLgsal ‘sierew ormdiow
-Ajod poyurp Surs) ~swousld [PWOSOWONYY Aqeau
211 SE [[oM SEB 2[9][F [BULIOU IO G} JO SSO[ 9 01
Surpes| suoneinje [pwosoworyd y3normy sindoo

A[1SOWI 114 puodss Y], "S[2[[E SUO SIBATIORUT 0) ST 1Y
1513 oy, ‘siseypodLy sy oml oy ‘pafred ‘sdois om)
sannba1 ssacoud sy, ‘uoisssrdord yeowes dersnpma
10] Aressoosu 21e YoTjm UCTIRTIUDIAJIP PUe ‘UOIIEIA)
-1joid ‘yimoId renyjoo Tewmrouqe ur S)nsAr SS[(E
ouad 1ossarddns Jouwrmy q1oq JO UOTIBATIORU]
NOISSNDSIA

"956ST1d Pue $ECSTIQ woy ‘g1bi1 wo HOT pey
(9%07) $T Woy ¢ Iym ‘sAaEsosT L63ST I
pue §L6ST1Q Buisn ‘gzby1 uo HOT persojruewr
(%§6y) swoned DAN g woly usy, '¢gbil 0
peyull oq W31 190] HOT 1oyl pafesass by awos
-OWOND JO SISAlBUR IDYUN] "|] SWOSOWOIYD UO

SHO0[ 1 15891 18 30] HO'T PIMOYS (349¢) S58 SANBW
-I0JUl G7 WO 9ATam], *| "314 UT umoys aIe $1nsas
aAnRIuasaIday “Io¥few Yove 10J SISED SATIBULIOJUT
pue QT 2anisod JO 1oqWmu Y1 SIPNJIUE PISN 100]
swdiowdtod a3 smogs | 9jqe], Asusnbsy HOT
10 USIDS 0] PIsn alam || [CUIOSOUIOMD UO 190]
sonq1 Junuasaydal SALS L Jo eued v

Il 2dA oM eram
SI21p0 23 pue T 9dA1 OHM 839M QT ‘$958D §7 9saU)
Suowry sIowWm] SB PIWIJUOD A][eo180[01STY rom

*Z0T 10aped wo HOYT STedAd pSSSTIA

JRIBIA ‘98 A5ED U0 PIUIBIAA SEM I[I[B Ay} pue zgT Juaped uo pueq Jaddn jo sssof S[EaAdl 9L6STIA
IRRIEIA "UIC1104 3Y) U0 PHBIIPUL YIS P umoys aIe (N) snLroynd jewmlou Surpuodsaizod pue (1)

siowng SN Janejgasaiday SYLS Wim sisdfeue uo 0034204319y Jo ssof Juimoys ydesdoprioyny

col

9661 13GW3%dq  IBYJ 2055V PIW [

-gu
9.6SLLa
1IN LN
c0l 98



¥ol. 79 Suppl. 1

gene and WTI may be significant for NPC develop-
ment,

SUMMARY

In order to demonstrate and define possi-
ble tamor suppressor gene loci on chromosome 11
associated with NPC, we used 7 STR to test for
LOH on 25 NPC samples. LOH was detected in
46 per cent of cases. Most LOH loci were clustered
on the long arm. Further study demonstrated 22 per
cent and 45.5 per cent of cases with LOH on 11q13
and 11923 respectively.
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