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Although the osteosarcoma is considered to be among the most chemosensitive malignancies and
preoperative chemotherapy is commonly applied, an appreciable proportion of cases are in fact
quite insensitive. Predictive markers for chemosensitivity are therefore desirable in order to
develop effective treatment strategies. Thirty-two cases of conventional osteosarcomas treated at
the Cancer Institute Hospital, Tokyo, were analyzed. The sensitivity to preoperative chemotherapy
was investigated with reference to loss of heterozygosity (LOH) at the 17p13 (p53) and 13q14 (Rb)
loci and expression of the cell-cycle associated proteins, p53, Rb, p21/Waf-1, mdm-2 and Ki-67, as
detected immunohistochemically. LOH was detected by analyzing polymerase chain reaction prod-
ucts at marker microsatellite loci. The efficacy of chemotherapy was evaluated both radiologically
and histologically. LOH at p53 or Rb loci was seen in 54% (13/24) and 58% (14/24) of cases,
respectively.  Only 15% of osteosarcomas with LOH at the p53 locus were sensitive to preopera-
tive chemotherapy, as compared to 64% of tumors without such loss (P<<<<0.05). A similar but much
less distinct tendency was observed with LOH at the Rb locus. No relationship was evident
between chemosensitivity and immunohistochemical staining patterns for p53, Rb, p21/Waf-1,
mdm-2 or Ki-67. The results suggest that p53 gene deletion, but not the other parameters investi-
gated, may be useful for predicting chemoresistance of osteosarcomas.
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Having reliable markers to predict response to chemo-
and/or radiotherapy is very important, not only to facili-
tate choice of the most effective therapeutic modality or
drug type for individual tumors, but also to avoid poten-
tial therapy-related complications and delays in appropri-
ate treatment. Recent investigations have shown that the
p53 and/or Rb gene status may be related to the relative
sensitivity/resistance of tumor cells to drugs and/or radia-
tion.1–15) Most of the data, however, were obtained from in
vitro experiments and the number of clinical studies in
this area is as yet quite limited, with considerable incon-
sistency between findings. Clearly, many more clinical
studies are needed to confirm the utility of these markers.

The present investigation addresses this problem by
concentrating attention on the chemosensitivity of
osteosarcomas with reference to loss of heterozygosity
(LOH) at 17p13 (p53) and 13q14 (Rb) loci and, in addi-
tion, expression of the cell-cycle associated proteins, p53,
Rb, p21/Waf-1, mdm-2 and Ki-67. The osteosarcoma was
chosen as a model tumor because 1) it is known to show a
high frequency of p53 and/or Rb gene deletions,16–21) 2) it
is thought to be among the malignancies most sensitive to
chemotherapy and, therefore, preoperative application of
therapeutic agents is common in order to localize the pri-

mary lesion and also to prevent distant metastasis, and 3),
in our experience, an appreciable proportion of cases are
in fact quite insensitive to chemotherapy in terms of both
radiographic and histological findings.

PATIENTS, MATERIALS AND METHODS

Patients and materials  A total of thirty-two conven-
tional osteosarcomas, undergoing preoperative chemother-
apy without radiation and then surgical resection at the
Cancer Institute Hospital, Tokyo from 1979 to 1994, were
investigated. Clinical details are summarized in Table I.
The average age at diagnosis was 16.4 years (from 6 to 58
years); the primary lesions were located in the femur in
24 cases, the tibia in 7 cases and the humerus in 1 case.
Clinical stages of the patients at admission, determined
according to the American Joint Commission on Staging
and End Result Studies,22) were 2B in 24 cases and 3 in 8
cases. Histological grades of these cases23) were grade 3 in
23 cases and grade 4 in 9 cases. The histological subtypes
were osteoblastic in 25 cases, chondroblastic in 2, fibro-
blastic in 3 and telangiectatic in 2. All received neoadju-
vant chemotherapy according to the modified Rosen T10
protocol as described previously.24) The principal drugs
used were methotrexate (MTX) and/or cisplatin (CDDP),
given in combination to 10 patients, and singly to 12 and4 To whom requests for reprints should be addressed.
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10, respectively. The mean dose of MTX was 22.6 g/m2

and that of CDDP was 201.1 mg/m2.
For the DNA analysis, 24 samples of primary lesions

(21 by biopsy and 3 at operation) and 8 of lung
metastases were available, 21 having been obtained before
and 11 after chemotherapy. All the primary lesions were
removed by means of ablative surgery or limb salvage
procedures and formalin-fixed for histological evaluation
of the response to chemotherapy.
Radiological evaluation of the effects of chemother-
apy  With all the patients, a radiogram was taken every
week during chemotherapy and angiographs just before
and 1 week after the termination of chemotherapy. The
efficacy of the preoperative chemotherapy was assessed
essentially according to the criteria of Smith et al.25) and
Chuang et al.26) based on radiographic and angiographic
changes: the response was graded into progressive disease
(PD), no change (NC), partial response (PR) or complete
response (CR) categories. The “PD” and “NC” cases were

patients who demonstrated an increase in tumor bulk, and
a minimal or no response, respectively. The “CR” cases
demonstrated both a decrease in tumor bulk or increased
ossification radiographically and decrease in blood flow
angiographically within 10 days. The “PR” group com-
prised patients who first demonstrated these changes after
more than 10 days or only one of them. The evaluations
were independently performed by two orthopedists (S. M.
& N. K.). In this text, PD and NC are referred to as
chemoresistant (−) and PR and CR as chemosensitive (+
or ++).
Histological evaluation of the effects of chemotherapy
All the patients underwent surgical treatment within 10
days after the termination of the chemotherapy. Both lon-
gitudinal and cross sections were made for each sample so
as to obtain the maximum cut tumor surfaces. In each
case, tissue blocks were made for histological examina-
tion from both cut faces to allow thorough assessment.
The average number of examined blocks per case was

Table I.  Sensitivity to Chemotherapy and Other Clinical Information

Case Sex Age Site Size
(cm)

Clinical
stage

Histol.
grading

Histol.
subtype Drugs used

Response to therapy
Mat.

LOH Immunohistochemistry

Radiol. Histol. Course (days) p53 Rb p53 Rb p21 mdm2 Ki-67

1 M 6 Femur 14×6×5 2B 4 OB MTX − − Alive (9y3m) L + + − + − − −
2 F 8 Femur 15×9×8 3 3 OB MTX+CDDP − − Dead (1y0m) R + + − + − − +
3 M 8 Tibia 3×16×3 3 3 OB MTX − − Dead (2y4m) L NI − + + + + ND
4 M 9 Femur 8×7×25 2B 3 OB MTX − + Dead (1y9m) L + NI ++ + + − +
5 M 9 Femur 5×5×8 3 3 TE CDDP − − Dead (8m) B NI + − + − − ND
6 M 9 Femur 11×6×5 2B 4 OB MTX+CDDP − − Alive (1y10m) R NI NI − − − − +
7 F 10 Femur 6×8×15 3 4 OB MTX − − Dead (11m) B + +  + + − + ND
8 M 10 Femur 4×4×4 2B 3 OB MTX+CDDP − − Dead (1y7m) L + + − − + − +
9 M 10 Femur 9×7×4 2B 3 OB CDDP + + Alive (3y11m) B NI − − + − − ND
10 F 11 Femur 25×5×5 2B 3 OB MTX − ND Alive (1y11m) B NI − − + − − +
11 M 11 Femur 16×7 2B 3 OB MTX+CDDP + + Alive (13y7m) B − − − + + + ++
12 F 12 Femur 13×4 2B 4 OB CDDP − − Dead (7m) B − NI − − + − +
13 F 13 Femur 6×6×11 2B 3 OB CDDP − − Dead (1y0m) L − + − − + − ++
14 M 13 Tibia 21×6×6 3 4 OB MTX+CDDP − − Alive (11m) B + − − − + + ++
15 F 14 Femur 12×8×9 2B 4 FB MTX − − Alive (3y6m) B + + − − − − +
16 M 14 Hum. 10×6×6 2B 3 OB CDDP − − Dead (2y6m) B + − ++ − − − +
17 M 14 Femur 7×4×4 2B 3 OB MTX − − Alive (3y6m) L + + − + − − +
18 M 14 Femur 6×6×21 2B 4 OB MTX+CDDP + + Alive (4y10m) B − − − − + + +
19 M 14 Femur 9×4×5 2B 3 OB MTX+CDDP + − Alive (3y7m) B − − ++ − + − +
20 F 15 Femur 5×8×5 2B 3 TE CDDP ++ + Alive (10y1m) B − + ++ − + + +
21 M 16 Femur 15×5 2B 3 OB MTX + + Alive (13y7m) B − + − + − − ND
22 M 16 Tibia 13×6×5 2B 3 OB MTX+CDDP − + Alive (2y4m) B − − − + − − +
23 M 17 Tibia 15×9×6 2B 3 OB MTX − + Alive (13y7m) L − − − + − − +
24 M 18 Femur 12×8×9 2B 4 OB MTX+CDDP + ++ Dead (1y8m) R + NI − + + + +
25 M 18 Femur 8×7×6 2B 3 OB MTX + − Dead (1y8m) B + + − − + − ++
26 M 19 Femur 6×13×5 3 3 OB CDDP − − Dead (1y4m) B NI NI − − − − +
27 M 19 Tibia 4×3×3 2B 3 CB MTX + ++ Dead (1y8m) B NI NI − − − − +
28 M 21 Tibia 4×4×8 3 3 OB MTX+CDDP − − Dead (1y2m) L + + − − + − +
29 M 26 Femur 5×4×4 2B 3 OB CDDP + − Dead (3y10m) B NI + − − − − +
30 M 26 Femur 11×5 2B 4 FB MTX − − Dead (1y11m) B − NI + − + − +
31 M 47 Femur 28×9×8 3 3 FB CDDP − − Dead (3m) B + + + + + − +
32 M 58 Femur 8×5×5 2B 3 CB CDDP ++ ++ Dead (3y1m) B − NI ++ + + − +

Hum, humerus; Histol., histological; OB, osteoblastic; CB, chondroblastic; FB, fibroblastic; TE, telangiectatic; MTX, methotrexate; CDDP, cisplatin;
Mat., materials; B, biopsy; R, resection; L, lung metastasis; Radiol., radiological; ND, not determined; NI, non informative. p53 expression: higher
positivity between two antibodies. Survival: post-diagnosis day.
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120. Histological evaluation of the chemotherapeutic
effects was carried out essentially according to Hiruta’s
criteria,27) which are modified from those of Picci et al.28):
Microscopically, regions showing necrosis, hemorrhage,
fibrosis and granulation tissue, with or without sparse
degenerative tumor cells, were diagnosed as “effective”
and regions occupied by abundant viable cancer cells as
“ineffective.” Each case was classified into one of three
categories according to the percentage, effective region:
<70%, resistant (−); 70–90%, moderately sensitive (+);
90%<, remarkably sensitive (++). The histological evalua-
tion was carried out in a blinded fashion by two patholo-
gists ( H. K. & R. M.), independently. The reason why we
used Hiruta’s criteria rather than the internationally estab-
lished Huvos system29) is as follows; with the protocol
applied in our hospital, the period of chemotherapy is 8
weeks, in contrast to the 12 weeks of chemotherapy (the
total dose is larger by one-third) in the US or western
countries. Hiruta et al. studied histological parameters
with this particular protocol in relation to radiological
evaluation and prognosis and came to the conclusion that
70% tumor necrosis, rather than the 90% of Huvos’ or
Picci’s28) criteria is a better cut-off for chemosensitivity.
The adequacy of Hiruta’s criteria is supported by the sur-
vival rate data in the present study.
LOH analysis  Tumor or adjacent normal tissue was sam-
pled under a stereomicroscope with sterile needles, from
five to eight 10-µm-thick hematoxylin-stained tissue sec-
tions in each case. DNA was then extracted according to
the method of Goeltz et al.30)

Microsatellite primers of HSGPOCA331) and
D13S27032) were used for analysis of LOH at 17p13 and
13q14, respectively.
HSGPOCA3

sense: 5′-CCTTCTGGGCCCTTTCAATGGAG-
AA-3′

antisense: 5′-CAACCTGTGCCTACTGCTCCAACT-
T-3′.

D13S270
sense: 5′-AGTGCCTGGGTATGAACGTG-3′
antisense: 5′-CTGGAAATGCCTTGGAAGGA-3′.

The polymerase chain reaction (PCR) was run in a total
volume of 50 µl, with 5 µl of extracted DNA, 1 µl of
primer mix (20 µM each primer), 2 µl of deoxynucleotide
triphosphates (2.0 mM of each deoxynucleotide triphos-
phate, Toyobo, Osaka), 0.5 µl (5 units/µl) of Taq DNA
polymerase (Boehringer-Mannheim GmbH, Germany) and
5 µl of 10×PCR buffer (Boehringer-Mannheim GmbH).
Standard DNA amplification conditions were as follows:
33 cycles of denaturation for 1 min at 94°C, 1 min of
annealing at 54°C (HSGPOCA3) or 57°C (D13S270) and
2 min of extension at 72°C. The final extension step at
72°C was lengthened to 7 min. PCR products were elec-
trophoresed on agarose gels (3% Nusieve GTG, FMC

Bioproducts, Rockland, ME) and photographed. Normal
DNA samples polymorphic at a given locus were consid-
ered informative, allowing identification of LOH, whereas
homozygotes were considered as non-informative. LOH
was considered to occur when a clear reduction in the
intensity of one of the two alleles in the tumor DNA was
evident on visual examination.
Immunohistochemistry  After deparaffinization, rehydra-
tion, and antigen retrieval by microwave treatment in
sodium citrate buffer,33) 4 µm paraffin-embedded sections
of tumors were exposed to the first antibodies at 4°C
overnight. Two antibodies to p53 protein were applied:
DO-7 (Novocastra Laboratories Ltd., Newcastle upon
Tyne, UK) at a 1:400 dilution and Rsp53 (Nichirei Corp.,
Tokyo) at a 1:250 dilution. Antibodies for RB, p21/Waf-1
and mdm2 protein were respectively RB (NCL-RB-1,
Novocastra Laboratories Ltd.) at a 1:50 dilution, p21/Waf-
1 (Waf-1/Ab-1, Oncogene Science, New York, NY) at a
1:100 dilution and mdm2 (mdm2/Ab-1, Oncogene Sci-
ence) at a 1:100 dilution. All tumors were also stained
with Ki-67 (MIB-1, Immunotech, France), a mouse mono-
clonal antibody against a cell proliferation antigen, at a
1:50 dilution, as above but without microwave treatment.
Second antibodies of biotinylated anti-mouse IgG (Vector
Laboratories Inc., Burlingame, CA) were used for DO-7,
NCL-RB-1, Waf-1/Ab-1, mdm2/Ab-1 and MIB-1. Biotinyl-
ated anti-rabit IgG was used for Rsp53 (Vector Laborato-
ries Inc.). The streptoavidin-biotin-peroxidase (SAB)
system (Histofine SAB-PO(M) kit; Nichirei Corp.)
was used to visualize the binding of DO-7 and Rsp53.
The avidin-biotin-peroxidase system (Vectastain ABC
kits, Vector Laboratories Inc. ) was used to visualize the
binding to RB, p21/Waf-1, mdm-2 and Ki-67. Hematoxylin
was used as the counterstain. For negative controls, non-
immunized serum was substituted for the first antibodies.
Immunoreactions for each protein were scored as follows;
more than 50% of tumor cells positive (++), less than
50% positive (+), all cells negative (−).
Statistical analysis  Fisher’s exact test34) was used to
evaluate associations between p53 or Rb LOH, or the
immunohistochemical parameters and chemosensitivity.
Kaplan-Meier plots35) and the log-rank test36) were used to
evaluate the association of p53 or Rb LOH with survival.

RESULTS

The results of radiological and histological evaluation
of sensitivity to preoperative chemotherapy are summa-
rized in Table I, together with other clinical information.
With case 10, histological examination could not be per-
formed since Pasteur’s operation had been carried out. Of
the 32 cases radiologically evaluated, CR, PR, NC and
PD were 2 (6.2%), 9 (28.1%), 11 (34.3%) and 10
(31.2%), respectively, with a total of 11 (34.3%) cases
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being sensitive. Histological evaluation for chemotherapy
was performed for 31 cases, 20 (64.5%), 8 (25.8%) and 3
(9.7%), respectively, being assigned to the resistant (−),
moderately sensitive (+), remarkably sensitive (++)
groups, giving 11 (35.4%) sensitive cases. No difficulty
was encountered with either the radiological or the histo-
logical evaluations of sensitivity since there were no bor-
derline cases resulting in differences in diagnosis between
the examiners. Eight cases were classified as sensitive
from both radiological and histological evaluations. How-
ever, in 3 cases there was a discrepancy between the two
evaluations: of three histologically moderately sensitive
cases, two were NCs and one PD, radiologically. There
was no distinct correlation between chemosensitivity and
histological features (malignant grade or subtype) of
tumors. Radiologically or histologically sensitive cases
were all in stage 2B. In contrast, of 21 resistant cases, 8
(38.0%) were in stage 3.
Relationship between LOH at the p53 or Rb loci and
sensitivity to chemotherapy  Among the 32 cases, 24
were heterozygous for HSGPOCA3 (p53) and/or
D13S270 (Rb) loci, p53 LOH being found for 13 of the
24 (54%) and Rb LOH for 14 of the 24 (58%), respec-
tively. Representative figures showing LOH of p53 and
Rb loci are illustrated in Fig. 1. As demonstrated in Fig. 2,
a and b, radiologically and histologically chemosensitive
osteosarcomas only accounted for 2/13 (15%) and 2/13
(15%) of the p53 LOH-positive cases, respectively. In
sharp contrast, the figures for LOH-negative cases were 6/
11 (55%) and 7/11 (64%), respectively. Thus, p53 LOH-
positive cases were significantly more resistant to preop-
erative chemotherapy than those without LOH by histo-
logical evaluation (P<0.05, Fisher’s exact test). Similarly,

Fig. 1. LOH at HSGPOCA3 (17p13, p53) and D13S270
(13q14, RB) loci. PCR products were electrophoresed on a 3%
agarose gel and photographed. a) 17p13 (p53) locus. Cases 16, 7
and 28 are LOH-positive, 12 is LOH-negative and 26 is non-
informative. b) 13q14 (RB) locus. Cases 13, 20 and 31 are LOH-
positive, 18 is LOH-negative and 32 is non-informative. M,
Markers, PBR322/HaeIII fragment; N, normal tissue; T, tumor
tissue; LOH, loss of heterozygosity.

Fig. 2. Relationship between LOH at p53 or RB loci and sensi-
tivity to preoperative chemotherapy. a, Radiological evaluation.
b, Histological evaluation: The differences between LOH-posi-
tive and -negative cases for the p53 locus is statistically signifi-
cant (P<0.05, Fisher’s exact test). c, Results with biopsy
materials: Statistically significant differences exist only in rela-
tion to the p53 LOH status on histological evaluation (P<0.05,
Fisher’s exact test).  Radiological evaluation,  histological
evaluation.
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chemosensitive Rb LOH-positive cases made up 4/14
(29%) and 2/14 (14%), and Rb LOH-negative 4/10 (40%)
and 5/9 (55%), by radiological or histological evaluation,
respectively (Fig. 2, a and b). With the Rb locus, no statis-
tically significant association of LOH with resistance to
preoperative chemotherapy was found. Among these
LOH-analyzed cases, 19 were informative for both p53
and Rb loci. Of these, 1/9 (11%) and 0/9 (0%) of the
tumors LOH-positive for both p53 and Rb were
chemosensitive by radiological and histological evalua-
tion, respectively. For cases LOH-negative for both, the
figures were 3/5 (60%) and 4/5 (80%), respectively. No
p53 LOH-positive but Rb LOH-negative cases were
chemosensitive, while 2/3 (67%) p53 LOH-negative but
Rb LOH-positive cases were chemosensitive by both
radiological or histological evaluation.

When the materials obtained by biopsy before chemo-
therapy were selectively analyzed, in order to exclude
possible modification of LOH status by the treatment, the
frequencies of p53-LOH-positive cases showing radiologi-
cal or histological chemosensitivity were 1/6 (17%) and 0/
6 (0%), whereas the figures for negative cases were 6/9
(67%) and 6/9 (67%), respectively (Fig. 2c), the differ-
ences by histological examination being statistically sig-
nificant (P<0.05, Fisher’s exact test). In contrast, 4/8
(50%) and 2/8 (25%) of Rb-LOH-positive cases showed
chemosensitivity, the difference from the 4/8 (50%) and 4/
7 (57%), respectively, of Rb-LOH-negative cases not
being statistically significant (Fig. 2c). The relationship
between p53-LOH status and histological response is pre-
sented in Table II.
Relationship between p53, Rb, p21/Waf1, mdm2 or Ki-
67 protein expression and sensitivity to ch emotherapy
A representative picture of p53 immunostaining is pre-
sented as Fig. 3. The immunohistochemical data are sum-
marized in Table III. No significant relationship between
any of these data and chemosensitivity was noted.
Relationship between LOH at the p53 or Rb loci and
protein expression  Among LOH-positive cases at the
p53 locus, positive staining with DO-7 and Rsp53 was
observed in 4 (30.7%) and 2 (14.3%) cases, respectively.
Among the LOH-negative cases, the figures were 2
(18.2%) and 3 (27.2%), respectively. In cases with LOH

at the Rb locus, negative staining with Rb was observed
in 7 (50.0%). In LOH(−) cases, negative staining was
observed in 6 (60.0%). No statistically significant rela-
tionship between LOH at the p53 or Rb loci and status of
p53 or Rb expression was found.
Correlation between LOH at the p53 and Rb loci and
survival  The prognostic significance of LOH at the
p53 and Rb loci was analyzed using Kaplan-Meier
survival curves (Fig. 4, a and b). LOH(−) cases had a sig-

Table II. p53-LOH Status and Chemosensitivitya)

Grade of chemosensitivity
Number of cases

LOH-positive LOH-negative

− 11(6) 4(3)
+ 1(0) 6(5)

++ 1(0) 1(1)

Total 13(6) 11(9)

a) Histological evaluation. Numbers in parentheses indicate
numbers of biopsy materials.

Fig. 3. Representative picture of immunohistochemichal stain-
ing for p53 protein (Case 20). Over 50% of the osteosarcoma
cell nuclei are positively stained in this figure (arrows) (×400;
Ab, DO-7).

Table III. Sensitivity to Chemotherapy Relative to p53, Rb, p21(Waf1), mdm-2 and Ki-67 Immunostaining

p53 Rb p21(Waf1) mdm-2 Ki-67

+ − + − + − + − ++ +

Radiological 
evaluation

3/9
(33%)

8/23
(35%)

6/17
(35%)

5/15
(33%)

7/16
(44%)

4/16
(25%)

4/7
(57%)

7/25
(28%)

2/4
(50%)

8/22
(36%)

Histological 
evaluation

3/9
(33%)

8/22
(36%)

3/17
(18%)

8/14
(57%)

6/16
(38%)

5/15
(33%)

4/7
(57%)

7/24
(29%)

1/4
(25%)

8/21
(38%)
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nificantly more favorable outcome than LOH(+) cases
(P<0.05: log-rank test). Concerning survivors, patient 14
with lung metastasis died during preparation of this manu-
script. All the other patients are currently event-free. No
significant correlation was observed between p53 or Rb
protein expression and survival.

DISCUSSION

The present investigation revealed a good correlation
between p53 gene deletion (LOH) in osteosarcomas and
their chemoresistance, especially when their sensitivity to
therapy was estimated on a histological basis. A similar
but much less distinct tendency was observed for the Rb
gene status. On the other hand, no correlation was found

between p53, Rb, p21/Waf-1, mdm-2 or Ki-67 protein
accumulation in nuclei and chemosensitivity/resistance.

There have already been many studies revealing that
inactivation of p53 or Rb genes in malignancies is associ-
ated with reduced chemo- and/or radiosensitivity.1–15) Most
of them were, however, carried out using cultured cells,
transplanted tumors in nude mice or knockout mice, or
with hematopoietic disease, and the number of clinical
studies, especially with solid tumors, is as yet quite lim-
ited. To our knowledge, there have been only 5 such stud-
ies so far, one with osteosarcomas,21) one with colorectal
cancers,37) another with breast cancers38) and 2 with ovar-
ian tumors.7, 14) In the only clinical study of osteosarco-
mas, LOH at the Rb gene locus was found to be a
predictive factor for poor prognosis but not for chemosen-
sitivity.21) Concerning the ovarian cancer cases, one
revealed a reduction of sensitivity to cisplatin with acqui-
sition of p53 mutations or protein accumulation,14)

whereas the other demonstrated no relationship between
p53 gene mutation and the response to primary chemo-
therapy.7)

The present results are essentially in line with previous
observations in vitro1–6, 9–11, 13, 15) or in vivo.7, 8, 12, 14, 21) They
differ, however, from earlier reports regarding the effects
of p53 and/or Rb gene alteration only in cases with LOH,
and not in cases with point mutations of these genes only.
Since p53-mutated tumors are known to undergo progres-
sion with loss of the normal p53 allele,39–42) the present
results might be important in indicating a difference in
chemosensitivity between two phases of carcinogenesis
which are not clearly observed in in vitro experiments. In
the literature, 86–91% of LOH-positive colonic cancers
showed a point mutation in the remaining allele.40) In the
present results, the proportion of chemosensitive cases
was considerably lower than those in previous reports, in
which about 70% were classified into the sensitive
category.21, 29) This discrepancy may principally be attrib-
utable to the difference in the length of chemotreatment, 4
to 8 weeks in our series and 12 weeks in others.21, 29)

While the present clinical investigation of osteosarcomas
only covered a study population of 32, the fact that this
type of malignancy is relatively rare, limited to about 200
cases per year in Japan, and that they were all treated and
examined in one hospital by the same physicians and
pathologists with established procedures, may allow us to
regard the findings as significant.

There was a slight discrepancy between histological
and radiological evaluations of the effects of chemother-
apy in our series of cases. One contributory factor could
have been the difference in the timing; the radiological
evaluation was mainly based on the reduction in lesion
size and blood supply along with calcification during the
therapy, whereas the histological examination was per-
formed on resected material.
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Fig. 4. Survival curves for p53 (a) and Rb (b) LOH-positive
and -negative cases.  and  died;  and  observation
ended. Significantly shorter survival rates for LOH-positive
cases are evident both for p53 and Rb (P<0.05; log-rank test).
All survivors were event-free at the end of this study. One
patient ( ) died during preparation of the manuscript with
lung metastasis.
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The frequencies of LOH in p53 genes, at around 50%,
in the present study were about the same as in other
reports.17, 19) The figures for accumulation of p53 protein
in the nuclei and loss of Rb protein expression were, how-
ever, low in comparison with some previous descrip-
tions.20, 43, 44) The reason for this is not clear, although
differences in the quality of the material in terms of antigen
preservation, antibodies used and criteria for positive
judgment might have been responsible factors.

In conclusion, in the present series of osteosarcomas,
p53-LOH-positive cases demonstrated a higher degree of
resistance to chemotherapy than their LOH-negative coun-
terparts. LOH at p53 or Rb loci was also associated with a
significantly poor prognosis, in accordance with previous
reports for osteosarcomas,19, 20) as well as for other
malignancies.45, 46) With increase in the available informa-
tion on the significance of tumor cell derangement at the

genetic level, such as LOH of the p53 gene, we may
anticipate a greater ability to predict chemosensitivity or
resistance.

ACKNOWLEDGMENTS

The authors are grateful to Jun Manabe, Yasuyuki Takakura,
Kimie Nomura, Hiroshi Yokoo, Fumie Kikuchi, Naoko Inoshita,
Toshikatsu Nashiro and Takako Nanazoshi, of the Cancer Insti-
tute and the Cancer Institute Hospital, Tokyo, for their assis-
tance. This work was supported by Grants-in-Aid from the Min-
istry of Education, Science, Sports and Culture and the Ministry
of Health and Welfare of Japan as well as the Vehicle Racing
Commemorative Foundation.

(Received December 15, 1997/Revised February 12, 1998/
Accepted February 27, 1998)

REFERENCES

1) Yen, A. and Varvayanis, S.  RB tumor suppressor gene
expression responds to DNA synthesis inhibitors.  In Vitro
Cell. Dev. Biol., 28A, 669–672 (1992).

2) Lowe, S. W., Ruley, H. E., Jacks, T. and Housman, D. E.
p53-dependent apoptosis modulates the cytotoxity of anti-
cancer agents.  Cell, 74, 957–967 (1993).

3) Lowe, S. W., Schmitt, E. S., Smith, S. W., Osborne, B. A.
and Jacks, T.  p53 is required for radiation-induced apopto-
sis in mouse thymocytes.  Nature, 362, 847–849 (1993).

4) Slichenmyer, W. J., Nelson, W. G., Slebos, R. J. and
Kastan, M. B.  Loss of p53-associated G1 checkpoint does
not decrease cell survival following DNA damage.  Cancer
Res., 53, 4164–4168 (1993).

5) Radinsky, R., Fiedler, I. J., Price, J. E., Esumi, N., Tsan,
R., Petty, C. M., Bucana, C. D. and Bar-Eli, M.  Terminal
differentiation and apoptosis in experimental lung metasta-
sis of human osteogenic sarcoma cells by wild type p53.
Oncogene, 9, 1877–1883 (1994).

6) Lowe, S. W., Bodis, S., McClatchey, A., Remington, L.,
Ruley, H. E., Fisher, D. E., Housman, D. E. and Jacks, T.
p53 status and the efficacy of cancer therapy in vivo. Sci-
ence, 266, 807–810 (1994).

7) Niwa, K., Itoh, H., Murase, T., Morishita, S., Itoh, H.,
Mori, H. and Tamaya, T.  Alteration of p53 gene in ovarian
carcinoma: clinicopathological correlation and prognostic
significance.  Br. J. Cancer, 70, 1191–1197 (1994).

8) Wattel, E., Preudhomme, C., Hecquet, B., Vanrumbeke,
M., Quensnel, B., Dervite, I., Morel, P. and Fenaux, P.
p53 mutations are associated with resistance to chemother-
apy and short survival in hematologic malignancies.
Blood, 9, 3148–3157 (1994).

9) Fan, S., Smith, M. L., Rivet, D. J., Duba, D., Zhan, Q.,
Kohn, K. W., Fornace, A. J. and O’Connor, P. M.  Disrup-
tion of p53 function sensitizes breast cancer MCF-7 cells to
cisplatin and pentoxifylline. Cancer Res., 55, 1649–1654

(1995).
10) Russel, S. J., Ye, Y. W., Waber, P. G., Shuford, M.,

Schold, S. C., Jr. and Nisen, P. D.  p53 mutations, O6-
alkylguanine DNA alkyltransferase activity, and sensitivity
to procarbazine in human brain tumors. Cancer, 75, 1339–
1342 (1995).

11) Miyakoshi, J., Yamagishi, N., Ohtsu, S. and Takebe, H.
Changes in radiation sensitivity of human osteosarcoma
cells after p53 introduction.  Jpn. J. Cancer Res., 86, 711–
713 (1995).

12) Kornblau, S. M., Xu, H. J., Zhang, W., Hu, S.-X., Beran,
M., Smith, T. L., Hester, J., Estey, E., Benedict, W. F. and
Deisseroth, A. B.  Levels of retinoblastoma protein expres-
sion in newly diagnosed acute myelogenous leukemia.
Blood, 84, 256–261 (1994).

13) Perego, P., Giarola, M., Righetti, S. C., Supino, R.,
Caserini, C., Delia, D., Pierotti, M. A., Miyashita, T., Reed,
J. C. and Zunino, F.  Association between cisplatin resis-
tance and mutation of p53 gene and reduced Bax expres-
sion in ovarian carcinoma cell systems.  Cancer Res., 56,
556–562 (1996).

14) Righetti, S. C., Torre, G. D., Pilotti, S., Menard, S., Ottone,
F., Colnaghi, M. I., Pierotti, M. A., Lavarino, C.,
Cornarotti, M., Oriana, S., Bohm, S., Bresciani, G. L.,
Spatti, G. and Zunino, F.  A comparative study of p53 gene
mutations, protein accumulation, and response to cisplatin-
based chemotherapy in advanced ovarian carcinoma.  Can-
cer Res., 56, 689–693 (1996).

15) Hawkins, D. S., Demers, G. W. and Galloway, D. A.  Inac-
tivation of p53 enhances sensitivity to multiple chemothera-
peutic agents.  Cancer Res., 56, 892–898 (1996).

16) Friend, S. H., Bernards, R., Rogelj, S., Weinberg, R. A.,
Rapaport, J. M., Albert, D. M. and Dryja, T. P.  A human
DNA segment with properties of the gene that predisposes
to retinoblastoma and osteosarcoma.  Nature, 323, 643–646

1429370&form=6&db=m&Dopt=b     
1429370&form=6&db=m&Dopt=b     
8402885&form=6&db=m&Dopt=b     
8402885&form=6&db=m&Dopt=b     
8402885&form=6&db=m&Dopt=b     
8479522&form=6&db=m&Dopt=b     
8479522&form=6&db=m&Dopt=b     
8479522&form=6&db=m&Dopt=b     
8364909&form=6&db=m&Dopt=b     
8364909&form=6&db=m&Dopt=b     
8364909&form=6&db=m&Dopt=b     
8208533&form=6&db=m&Dopt=b     
8208533&form=6&db=m&Dopt=b     
7973635&form=6&db=m&Dopt=b     
7973635&form=6&db=m&Dopt=b     
7973635&form=6&db=m&Dopt=b     
7981076&form=6&db=m&Dopt=b     
7981076&form=6&db=m&Dopt=b     
7981076&form=6&db=m&Dopt=b     
7712469&form=6&db=m&Dopt=b     
7712469&form=6&db=m&Dopt=b     
7712469&form=6&db=m&Dopt=b     
7882284&form=6&db=m&Dopt=b     
7882284&form=6&db=m&Dopt=b     
7559091&form=6&db=m&Dopt=b     
7559091&form=6&db=m&Dopt=b     
7559091&form=6&db=m&Dopt=b     
8018920&form=6&db=m&Dopt=b     
8018920&form=6&db=m&Dopt=b     
8564971&form=6&db=m&Dopt=b     
8564971&form=6&db=m&Dopt=b     
8564971&form=6&db=m&Dopt=b     
8630996&form=6&db=m&Dopt=b     
8630996&form=6&db=m&Dopt=b     
8630996&form=6&db=m&Dopt=b     
8631030&form=6&db=m&Dopt=b     
8631030&form=6&db=m&Dopt=b     
8631030&form=6&db=m&Dopt=b     
2877398&form=6&db=m&Dopt=b     
2877398&form=6&db=m&Dopt=b     
2877398&form=6&db=m&Dopt=b     
7712469&form=6&db=m&Dopt=b


Jpn. J. Cancer Res. 89, May 1998

546

(1986).
17) Toguchido, J., Ishizaki, K., Sasaki, M. S., Ikenaga, M.,

Sugimoto, M., Kotoura, Y. and Yamamoto, T.  Chromo-
somal reorganization for the expression of recessive muta-
tion of retinoblastoma susceptibility gene in the
development of osteosarcoma.  Cancer Res., 48, 3939–
3943 (1988).

18) Toguchida, J., Yamaguchi, T., Ritchie, B., Beauchamp, R.
L., Dayton, S. H., Herrera, G. E., Yamamuro, T., Kotoura,
Y., Sasaki, M. S., Little, J. B., Weichselbaum, R. R.,
Ishizaki, K. and Yandell, D. W.  Mutation spectrum of p53
gene in bone and soft tissue sarcomas.  Cancer Res., 52,
6194–6199 (1992).

19) Yamaguchi, T., Toguchida, J., Yamamuro, T., Kotoura, Y.,
Takada, N., Kawaguchi, N., Kaneko, Y., Nakamura, Y.,
Sasaki, M. S. and Ishizaki, K.  Allelotype analysis in
osteosarcomas: frequent allele loss on 3q, 13q, 17p, and
18q.  Cancer Res., 52, 2419–2423 (1992).

20) Wadayama, B., Toguchida, J., Shimizu, T., Ishizaki, K.,
Sasaki, M. S., Kotoura, Y. and Yamamuro, T.  Mutation
spectrum of retinoblastoma gene in osteosarcomas.  Cancer
Res., 54, 3042–3048 (1994).

21) Feugeas, O., Guriec, N., Babin-Boilletet, A., Marcellin, L.,
Simon, P., Babin, S., Thyss, A., Hofman, P., Terrier, P.,
Kalifa, C., Brunat-Mentigny, M., Patricot, L. M. and
Oberling, F.  Loss of heterozygosity of the RB gene is a
poor prognostic factor in patients with osteosarcoma. J.
Clin. Oncol., 14, 467–472 (1995).

22) Enneking, W. F. “Musculoskeletal Tumor Surgery,” Vol. 1,
pp. 69–88 (1983). Churchill-Livingstone, New York, NY.

23) Dahlin, D.C. Grading of bone tumors. In “Bone Tumors,”
ed. K. K. Unni, pp. 35–45 (1988). Churchill-Livingstone,
Dallas, TX.

24) Kawaguchi, N.  Surgical treatment combined with preoper-
ative chemotherapy for mucoskeletal sarcoma. In “Cancer
Chemotherapy: Challenges for the Future,” ed. K. Kimura,
K. Ota, K. Yamada, H. Saito and M. Ogawa, Vol. 10, pp.
248–256 (1995). Excerpta Medica, Tokyo.

25) Smith, J., Heelan, R. T., Huvos, A. G., Caparros, B.,
Rosen, G., Urmacher, C. and Caravelli, J. F.  Radiographic
changes in primary osteogenic sarcoma following intensive
chemotherapy (radiological-pathological correlation in 63
patients).  Radiology, 143, 355–360 (1982).

26) Chuang, V. P., Benjamin, R., Jaffe, N., Wallace, S., Ayala,
A. G., Murray, J., Charnsangavej, C. and Soo, C.-S.
Radiologic and angiographic changes in osteosarcomas
after intraarterial chemotherapy.  Am. J. Roentgenol., 139,
1065–1069 (1982).

27) Hiruta, N., Kameda, N., Kawaguchi, N., Matsumoto, S.,
Manabe, J., Kuroda, K., Tsuchiya, K., Akima, M., Nonaka,
H., Machinami, R. and Kitagawa, T.  Histological grading
of the preoperative chemotherapeutic effect and correlation
of the prognosis in osteosarcoma. Rinsho-Seikei-Geka
(Clin. Orthoped. Surg.), 29, 1221–1229 (1994) (in Japa-
nese).

28) Picci, P., Bacci, G., Campanacci, M., Gasparini, M., Pilotti,

S., Cerasoli, S., Bertoni, F., Guerra, A., Capanna, R.,
Albissini, U., Galletti, S., Gherlinzoni, F., Calderoni, P.,
Sudanese, A., Baldini, N., Bernini, M. and Jaffe, N.  Histo-
logic evaluation of necrosis in osteosarcoma induced by
chemotherapy.  Cancer, 56, 1515–1521 (1985).

29) Baldini, N., Scotlandi, K., Barbanti-Bròdano, G., Manara,
M. C., Maurici, D., Bacci, G., Bertoni, F., Picci, P., Sottili,
S., Campanacci, M.  and Serra, M.  Expression of P-glyco-
protein in high-grade osteosarcomas in relation to clinical
outcome. N. Engl. J. Med., 333, 1380–1385 (1995).

30) Goeltz, S. E., Hamilton, S. R. and Vogelstein, B.  Purifica-
tion of DNA from formaldehyde fixed and paraffin embed-
ded human tissue.  Biochem. Biophys. Res. Commun., 130,
118–126 (1985).

31) Jones, M. H., Sato, T., Saito, H., Tanigami, H. and Naka-
mura, Y.  Six microsatellite polymorphisms at candidate
and confirmed tumour supressor gene loci.  Hum. Mol.
Genet., 3, 1911 (1994).

32) Gyapay, G., Morissette, J., Vignal, A., Dib, C., Fizames,
C., Millasseau, P., Marc, S., Bernardi, G., Lathrop, M. and
Weissenbach, J.  The 1993-94 Genethon human linkage
map.  Nat. Genet., 7, 246–339 (1994).

33) Shi, S. R., Key, M. E. and Kalra, K. L.  Antigen retrieval
in formalin-fixed, paraffin-embedded tissues: an enhance-
ment method for immunohistochemical staining based on
microwave oven heating of tissue sections.  J. Histochem.
Cytochem., 39, 741–748 (1991).

34) Feinberg, S. E. “The Analysis of Cross-classified Categori-
cal Data,” pp. 8–23 (1977). MIT Press, Cambridge, MA.

35) Kaplan, E.L. and Meier, P.  Nonparametric estimation from
incomplete observations. J. Am. Stat. Assoc., 53, 457–481
(1958).

36) Miller, R. G., Jr. “Survival Analysis,” pp. 44–102 (1981).
John Wiley, New York, NY.

37) Hamada, M., Fujiwara, T., Hizuta, A., Gochi, A., Naomoto,
Y., Takakura, N., Takahashi, K., Roth, J. A., Tanaka, N.,
Orita, K.  The p53 gene is a potent determinant of
chemosensitivity in gastric and colorectal cancers.  J. Can-
cer Res. Clin. Oncol., 122, 360–365 (1996).

38) Berg, J., Norberg, T., Sjogren, S., Lindgren, A. and
Holmberg, L.  Complete sequencing of the p53 gene pro-
vides prognostic information in breast cancer patients, par-
ticularly in relation to adjuvant systemic therapy and
radiotherapy.  Nat. Med., 1, 1029–1034 (1995).

39) Fearon, E. R. and Vogelstein, B.  A genetic model for
colorectal tumorigenesis.  Cell, 67, 759–767 (1990).

40) Baker, S. J., Preisinger, A. C., Jessup, J. M., Paraskeva, C.,
Markowitz, S., Willson, J. K. V., Hamilton, S. and
Vogelstein, B.  p53 gene mutations occur in combination
with 17p allelic deletions as late events in colorectal tumor-
igenesis.  Cancer Res., 50, 7717–7722 (1990).

41) Fearon, E. R.  A genetic basis for the multi-step pathway
of colorectal tumorigenesis. In “Multistage Carcinogene-
sis,” ed. C. C. Harris, S. Hirohashi, N. Ito, H. C. Pitot, T.
Sugimura, M. Terada and J. Yokota, pp. 37–48 (1991).
CRC Press, Tokyo.

2898286&form=6&db=m&Dopt=b     
2898286&form=6&db=m&Dopt=b     
2898286&form=6&db=m&Dopt=b     
1423262&form=6&db=m&Dopt=b     
1423262&form=6&db=m&Dopt=b     
1423262&form=6&db=m&Dopt=b     
1568211&form=6&db=m&Dopt=b     
1568211&form=6&db=m&Dopt=b     
1568211&form=6&db=m&Dopt=b     
8187094&form=6&db=m&Dopt=b     
8187094&form=6&db=m&Dopt=b     
8187094&form=6&db=m&Dopt=b     
6978499&form=6&db=m&Dopt=b     
6978499&form=6&db=m&Dopt=b     
6978499&form=6&db=m&Dopt=b     
3861228&form=6&db=m&Dopt=b     
3861228&form=6&db=m&Dopt=b     
3861228&form=6&db=m&Dopt=b     
7477118&form=6&db=m&Dopt=b     
7477118&form=6&db=m&Dopt=b     
7477118&form=6&db=m&Dopt=b     
2992457&form=6&db=m&Dopt=b     
2992457&form=6&db=m&Dopt=b     
2992457&form=6&db=m&Dopt=b     
7545953&form=6&db=m&Dopt=b     
7545953&form=6&db=m&Dopt=b     
7545953&form=6&db=m&Dopt=b     
1709656&form=6&db=m&Dopt=b     
1709656&form=6&db=m&Dopt=b     
1709656&form=6&db=m&Dopt=b     
8642047&form=6&db=m&Dopt=b     
8642047&form=6&db=m&Dopt=b     
8642047&form=6&db=m&Dopt=b     
7489358&form=6&db=m&Dopt=b     
7489358&form=6&db=m&Dopt=b     
7489358&form=6&db=m&Dopt=b     
2253215&form=6&db=m&Dopt=b     
2253215&form=6&db=m&Dopt=b     
2253215&form=6&db=m&Dopt=b     
2877398&form=6&db=m&Dopt=b


Chemosensitivity of Osteosarcoma

547

42) Ziegler, A., Jonason, A. S., Leffell, D. J., Simon, J. A.,
Sharma, H. W., Kimmelman, J., Remington, L., Jacks, T.
and Brash, D. E.  Sunburn and p53 in the onset of skin
cancer.  Nature, 372, 773–776 (1994).

43) Ueda, Y., Dockhorn-Dworniczak, B., Blasius, S., Mellin,
W., Wuisman, P., Bocker, W. and Roessner, A.  Analysis
of mutant p53 protein in osteosarcomas and other malig-
nant and benign lesions of bone.  J. Cancer Res. Clin.
Oncol., 119, 172–178 (1993).

44) Nishikawa, T., Yamamoto, T., Mizuno, K., Fujimori, T.,
Maeda, S. and Ugai, K.  Expression of the p53 protein in

human osteosarcoma.  J. Jpn. Orthop. Assoc., 68, 400–406
(1994).

45) Logothetis, C. J., Xu, H. J., Ro, J. Y., Hu, S. X., Sahin, A.,
Ordonez, N. and Benedict, W. F.  Altered expression of
retinoblastoma protein and known prognostic variables in
locally advanced bladder cancer.  J. Natl. Cancer. Inst., 84,
1256–1261 (1992).

46) Tang, J. L., Yeh, S. H., Chen, P. J., Lin, M. T., Tien, H. F.
and Chen, Y. C.  Inactivation of the retinoblastoma gene in
acute myelogenous leukemia.  Br. J. Haematol., 82, 502–
507 (1992).

7997263&form=6&db=m&Dopt=b     
7997263&form=6&db=m&Dopt=b     
7997263&form=6&db=m&Dopt=b     
8418091&form=6&db=m&Dopt=b     
8418091&form=6&db=m&Dopt=b     
8418091&form=6&db=m&Dopt=b     
1640485&form=6&db=m&Dopt=b     
1640485&form=6&db=m&Dopt=b     
1640485&form=6&db=m&Dopt=b     
1486030&form=6&db=m&Dopt=b     
1486030&form=6&db=m&Dopt=b     
1486030&form=6&db=m&Dopt=b     

