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gliomas. However, the loci deleted and the 
implications of these deletions have yet to be 
elucidated. 
1n the present study, loss of heterozygosity 
(LOH) was detected using multiple microsatｭ
ellite markers. Special e百ort was made to 
elucidate the role of allelic losses in the malig 
nant progression of gliomas. For this purpose, 
we examined paired samples of tumours 
obtained from the same patients at initial 
surgery and at recurrence. 

ルiethods

Tissue samples were obtained from 16 patients 
with gliomas borh ar initial surgery and surgery 
following recurrence. Samples were fixed in 
10% formalin and embedded in para伍n wax. 
Tumours were classified as recommended by 
the World Health Organisation (WHO) ， I 言 as
astrocytoma in cases 1 and 2, anaplastic astroｭ
cytoma in cases 3-11 and glioblastoma in cases 
12-16 at the initial surgery. At recurrence，出e

tumours were re-classi日ed as anaplastic astroｭ
cytoma in cases 1-5 and glioblastoma in cases 
6-16. The mean interval between the initial 
surgery and surgery for recurrence was 20.9 
months (range 7-64 mon出s).

EXTRACTION OF DNA 

Para伍n wax sections, 6μm thick, were stained 
with haematoxylin and eosin and the areas of 
tumour tissue were distinguished from adjaｭ
cent brain tissue by microscopic examination. 
Genomic DNA was extracted from one to two 
adjacent sections, 10μm thick. Normal brain 
and tumour tissue were separated carefully and 
processed separately for DNA extraction. 
After depara茄nisation in xylene and 100% 

ethanol, the samples were digested in 100 mM  
Tris-HCI (pH 8 .0), 50 mル1. EDTA (pH 8.0) 
and 10% SDS containing 100 mg/ml proteinｭ
ase K at 55ロC overnight. Lysates were 
extracted twice wi出 phenol/chloroform (pH 
.0) and then twice wi出 chloroform alone. 
The DNA was precipitated in 0.1 volumes of 
3 M sodium acetateωH 5.2) and 2.5 volumes 
of 100% ethanol and resuspended in'l 0 mM  
Tris and 1 mM  EDTA (pH 8.0). 
The DNA content of samples was estimated 
using a spectrophotometer (UV-1200, Shiｭ
mazu Corp., Kyoto, ]apan). The samples were 
then stored at -200C pending analysis. 
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Abstract 
Airnsー，To elucidate the implications of 
allelic loss on chromosome 10 in the 
malignant progression of human gliomas. 
Methods-Eight microsatellite loci 
(DI0S249, DI0S191 , DI0S210, DI0S219, 
DI0S246, DI0S222 , DI0S221 , and 
D 10S212) were analysed for chromosomal 
deletions in histologically benign' and 
malignant, including recurrent, gliomas. 
Of the 16 original 回mours studied (two 
astrocytomas, nine anaplastic as廿ocyto・

mas and five glioblastomas) , the histologiｭ
cal diagnosis at recurrence was anaplastic 
astrocytoma in six cases and glioblastoma 
in 10. Genomic DNA was extracted from 
formaJin fixed , paraffin wax embedded 
sections. Samples of original and recurｭ
rent tumours were paired and amplified 
using PCR. Samples of histologically norｭ
rnal brain served as controls. 
ResultsーOfthe original turnours, all five 
gliobJastomas, five (56%) of nine anapJasｭ
tic astrocytomas and none of the astrocyｭ
tomas demonstrated loss of heterozygosｭ
ity (LOH) on chromosome 10. Additional 
LOH was detected in the five cases of anaｭ
plastic astrocytoma that progressed to 
glioblastoma at recurrence. Additional 
LOH was not detected in the れ""'0 cases of 
astrocytoma that progressed to anaplastic 
astrocytorna at recurrence. With the exｭ
ception of one case, additiona1 LOH was 
observed in the recurrent glioblastomas. 
Conclusion-LOH was observe� at the 
loci of two adjacent microsatellite markｭ
ers, DI0S222 and DI0S221 (10q23・q25) ，

suggesting that this region on chromo・

sorne 10 is closely related to progression 
frorn anaplastic astrocytoma to glioblasｭ
toma. 
σ Clin Pac/iol: Mo/ Parhol 1996;49:t\12 18ール1222)
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he presence of fair1y consistent chromosomal 
aberrations in human gliomas suggests that 
uch genctic changes might be involved in neoｭ
plastic transfonnation or malignant progres-
ion of these tumours.1 7 To date，出e most 仕e­
quent chromosomal changes seen in the most 
malignant glioma type一白ar is, glioblastoma, 
are loss of alleles on chromosome 10.8 12 1n 
many cases a large portion of出is chromosome 
may be deleted.1J 14 These 自ndings suggesr that 
there is a close relation between deletions on 
chromosome 10 and malignanr progression in 
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POLYル\ERASE CHAIN REACTI0N 

Chromosome 10 polymorphisms were deｭ
tected by PCR using a total of eight microsatｭ
ellite markers (D 1 OS249, D 1 OS 191 , 
DIOS210, DI0S219, DI0S246, DI0S222, 
D 1 OS221 , and D 1 OS212). The primers used 
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were as suggested by Weissenbach el ar and 
were purchased from Research Genetics 1nc.) 
Huntsville) Alabama, USA. 
Each PCR volume (20μ1) conrained 200 ng 
genomic DNA, O. ラ mM primer, 200 mM  
deoxynucleotide triphosphate, and 1 unit of 
Taq polymerase in a bu宵er containing 2.5 mM  
Tris-HCl (pH 8.3), 50 mM  KCl and 1.5 mM  
MgC12 (TaKaRa Syuzo Corp・， Shiga, Japan). 
PCR conditions were as follows: 940C for one 
minute, 530C for two minutes and 720C for 
one minute in an automated DNA thermal 
cycler (Sanyo Electric Corp・ J Osaka, Japan) for 
35 cycles. 

ELECTROPHORESIS AND STAINING 

Ten microlitres of each PCR product were 
loaded onto a polyacrylamide gel cassette 
(Multi Gel 15/25, Daiichi Pure Chemicals, 
Tokyo, Japan) and subjected to electrophoresis 
for one hour at 40 mA constant current. Th 
gels were srained wirh 0.5μダm1 erhidium broｭ
mide and phorographed using an ultravi01er 
rransi11uminaror (Specrroline, Tルι312A)
Spectronics, Wesrbury) New York) USA). 

Results 
Figure ] shows typical LOH at the D 1 OS249, 
DI0S222 and DI0S221 loci in case 9. Result 
at initial surgery are summarised in fig 2. Neiｭ
出er LOH nor homozygous deletion was 
observed in any of 出e cases of astrocytoma. 
Five (55.6%) of nine cases of anaplastic astroｭ
cytoma presented with LOH at one to three 
loci: three of seven informative cases at 
D 1 OS249; one of eight informative cases at 
D 1 OS 191; two of nine informative cases at 
D 1 OS246; one of nine informative cases at 
DI0S221; and one ofnine informative cases at 
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ル1219 ん1220

DI0S212. LOH was observed in a11 five cases 
of glioblastoma: one of four informative cases 
at D 1 OS249; two of five informative cascs at 
D 1 OS21 0; three of 日vc informarivc cascs at 
D 1 OS219; onc of fivc informativじ cases at 
D 10S246; two of four informativc cascs at 
D 10S222; one o[ four informative cases at 
DI0S221; and one of 白川 informative cases a<

DI0S212 
Figure 3 summariscs thc results of SDSｭ
PAGE analysis of all recurrcnt cases. Tumours 
in cases 1 and 2) originally classi 日cd a 
astrocytoma) wcre re-classif�d as anaplastic 
astrocyroma at recurrencc. Neither LOII nor 
homozygous delction was found in thesc 
tumours. ﾏ'our of nine cases werc diagnoscd as 
anaplastic astrocytoma both inilially and :1t 
recurrence (cases 3 6). LOH was not dじtcctcd
in <hese rumours on cithcr occaslion. Thじ

remaining five cases of anarヲlasric astrocyloma 
were re-classified as gJioblasroma ar rccurｭ
rence. Addﾏ[ional LOH was detecled in these 
cases at recurrence (cases 7 11). I-<~our of the 
f�e cases inirially dignosed as glioblasloma 
(cases 12-16) deveJoped additional LOH at 
recurrcnce (cases 12 15). Addilional LOII 
observed in rhese nine cases (cascs 7 1 ラ) was 
frequen[ly located at the D) OS222 and 
D10S221 loci (日ve of 口ght informarivc casc 
for each locus). AddilionaI LOII was observじd
less frequently ar D 1 OS219 (three of nine 
informative cases)) D I OS 191 (lWO of eight 
informative cases), D 1 OS246 (two of ninc 
informative cases)) D 1 OS249 and D 1 OS2 1 0 
(one of eight informarive cases for each locus) 
and DIOS212 (one ofnine informarive cases). 
InrerescingJy) of the 白ve cases of anaplasric 
astrocytoma which progressed [� gJiobJas<oma,
accumularion of new LOH occurred panicuｭ
larly ar D 1 OS222 (four jnstances; casles 7 10) 
and D 1 OS221 (three instances; cases 7 9). 
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region of the short arm of chromosomじ 10 ， at 
10ccn-q23 and at 10q23-qtcr.1l 11 17 The data 
presented here show that rhose tumours which 
progressed [rom anaplastic astrocytoma to 
glioblastoma frequently demonstt・atcd LOH at 
two adjacent microsatellite marker loci, 
DIOS222 and DIOS221 (80% and 75 %., 
respectively). Nonc of rhese loci werじ delered
in rhe original tumours wirh <he exception o[ 
case 10 (DI0S221). Thus, the gene(s) responｭ
sible for progression of anaplastic astrocytoma 
to glioblastoma may be locatcd clo sじ to 10q21-
q25. 
Four of 日ve tumollrs original1y c1assified as 
glioblasromn also developcd ncw L011 at 
recurrence (cases 12 15). All of thcse 1 UI1l011rS 
possessed some LOH on chr01110so l11じ 10 at 
prescntation. Thus, the instability of chromlト
some 10 seems to incrcasc whじ n somc 1.01 [ is 
present and accumulutes furthじr LOII during 
the course of disease (fig 4). 
in cünclusion, thc rcsults of thc prωヒI1l

tudy suggest that LOH on chro l11 osomじ

10q2 3-q2 ラ is closely rdalcd to thじ dじVじ lop­

mcnt of glioblastoma. Rcgionul chromosornal 
instubility seems to be especwl1y imporranr in 
rhe progression of anaplastic asrrocytoma [() 
glioblastoma. Further studics to idじ 11ti (シ lhc
gene(s) locatcd in this region und to 1.!lucidatじ
<hei rbiological role will contributc signii�canlly 
to our understanding of thピ oncogene邑is of 
human gliomas. 
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Discussion 
In the present study, all 自ve cases of glioblasｭ
toma and five (ラ 6%) of n匤e cases of anaplas[ﾍc 
astrocytoma had LOH on chromosome 10 at 
presentation. The frequency of LOH detected 
by us is higher 出an that found by previou 
investigators, who demonstrated an overall freｭ
quency of LOH of 60-95% 匤 glioblastoma and 
of 12-15% in anaplastic asrrocyroma.1 1 11 12 11 1'1 

Separation of the tumour tissue from the 
surrounding brain tissue and the use of 
multiple microsatellite markers in the presenr 
study may have contributed to the high 
frequency of abnormaliry detected. Neither 
astrocytomas showed LOH in the present 
study. The absence of LOH in 出is benign 
glioma is consistent with the results of many 
previous reports.1 4 " 12 11-19 

Comparison of the chromosomal changes in 
出e tumours obtained at initial surgery and at 
recurrence demonstrated 出at all five cases 
originally diagnosed as anaplastic astrocytoma 
but which progressed to glioblastoma at recurｭ
rence gained LOH (cases 7-11). This was not 
出e case for patients with anaplastic astrocyｭ
toma (cases 3-6). At present, there are two 
possible hypothetical pathways for the developｭ
ment of malignant glial tumours: (1) progresｭ
sion from low to high grade tumour; and (2) de 
novo development of high grade tumour wi出
no evidence of progression from its low grade 
counterpart.11 18 If the former hypothesis is 
correct, then the five cases of anaplastic astroｭ
cytoma progressed to glioblastoma following 
the progression pa出way (cases 7-11) and 
interestingly, all of these cases gained new 
LOH at recu口ence . 1n contrast, the four cases 
which had retained the same histological diagｭ
nosis at recurrence, gained no new LOH (cases 
3-6). These findings suggest that there is a 
close relation between the malignant progresｭ
sion of gliomas and the accumulation of LOH 
on chromosome 10. It is possible that a tumour 
suppressor gene(s) is localised on this chromoｭ
some. Previous delerion mapping studies in 
glial rumours suggested three candidate loci for 
出e tumour suppressor genes: at the telomeric 
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