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The p53 gene located at c h r o m o s o m e 17p13 is
f o u n d to be altered (allelic loss or other mutation)
in multiple h u m a n cancers, including osteosarcomas. The mutated gene produces a protein with a
prolonged half-life thus rendering it detectable by
conventional immunohistochemistry. We examined
the correlation b e t w e e n p53 expression and clinical
prognosis as well as response to therapy. Twentyone patients with previously untreated and histologically verified highly malignant osteosarcoma
were used for this study. Biopsy material taken
both prior to the start of COSS 91 protocol and at
the time of surgery (ten weeks later) was examined
for alterations in p53 protein expression and drug
resistance. Two patients w h o had strong (+++) p53
protein expression and three others w h o became
positive d u r i n g the c h e m o t h e r a p y had significantly

worse prognosis (all of them died within one year)
than those w h o s h o w e d no p53 expression both at
b i o p s y and after c h e m o t h e r a p y (all 11 patients are
alive, average f o l l o w - u p time: 3.5 years). All
patients who s h o w e d any kind of positive p53 protein expression on initial b i o p s y were n o n - r e s p o n ders to chemotherapy. In contrast, 69% (9 out of 13)
of those w h o exhibited no p53 expression on initial
biopsy were responders or intermediate responders
to chemotherapy. We concluded that p53 expression
m a y be a useful prognostic factor in osteosarcomas.
The direct correlation b e t w e e n p53 positive expression and resistance to therapy can help in identifying patients w h o are in need of a more vigorous or
different chemotherapeutical protocol. (Pathology
Oncology Research Vol 3, No 1, 15-19, 1997)
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Introduction
In recent years, many genes have bccn discovered to
play a part in the development of cancer. Mutations at
chromosome 17pl 3 are probably the most common gene
lesions in human cancers.L~~6e4This is the location of the
p53 gene which appears to act both as a tumor suppressor
gene and an oneogene, depending on the circumstances.
The p53 function is lost in transformed normal cells when
both normal (wild type) alleles of the tumor suppressor
gene arc lost or inactivated, s The presence of one wild
type copy of the gene is sufficient to interfere with oncoReceived: Febr 22, 1997, accepted: March 23, 1997
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genesis, hence this normal allele is considered to have an
antioncogenic effect.~5 However, certain mutant p53 genes
induce neoplastic transformation in cells acting as oncogenes since tumor development is associated with a gain
in function. '~
The product of p53 gene is a 393-amino-acid nuclear
phosphoprotein that is found in very low quanlitics in normal cells. Due to the short half-life of about 6 to 20 minutes
of wt (wild type) p53, normal concentrations remain undetectable by conventional immunohistochenlistry. Itowever,
missense mutations prolong the half-life up to six hours
rendering them detectable. Therefore, the immunohistochemically detectable overexpression of p53 is currently
used as an indirect indicator of p53 mutations]
P53 is important in cell cycle determination, apoptosis
and activation of gene expression. If a wild type gene is
introduced into a transformed cell colony it will stop the
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Table 1, P53 protein expression in stage IIA and IIB
osteosarcomas

-

IIA
liB

Biopsy material
++

4
11

+

0
1

0
3

+++
0
2

Surgical specimen
++
-

+

3
9

1
5

0
1

+++
0
2

cell growth at the G1 phase, t* P53 plays a more important
role in the G I-S checkpoint control of stressed cells
(where p53 levels are increased) than of normal cells) It
facilitates DNA repair in cells exposed to DNA damaging
agents, by terminating the replication and allowing time
for repair. In addition, there is a clear correlation between
p53 gene dosage and resistance to radiation induced apoptosis. Cells containing only one copy of the p53 gene are
slightly more resistant than cells that arc homozygous for
p53 gene and p53 deficient mice with absence of both
active copies are the most resistant. This implies that cells
with one somatically mutated p53 allele may have growth
advantage in the presence of DNA damaging agents over
cells with two intact alleles. ~vFurthermore, p53 can act as
a transcription factor, ~ Genes regulated by p53 arc important in cell cycle progression, monitoring of gene amplification events and in the commitment of some cells to
apoptosis. 4 Mutant p53 proteins are incapable of activating
transcription from a template and in fact they block this
activity of wt p53 by complexing with it]
1,oss of alleles at the p53 gene site ( 17p 13) is seen in more
than 75% of osteosarcomas (OS), suggesting that this alteration may contribute to the development of OS. 2a OS is the
most frequent bone tumor in children and young adults, representing 8% of all childhood malignancies, t In regards to its
etiology, genetic factors are especially important in children.
For example, 40% of patients with retinoblastoma have a
hereditaU predisposition to other cancers. These patients
with a mutation in chromosome 13q14 have a 500 times
greater risk of developing OS than the normal population2
Prior to effective chemotherapy the prognosis of OS
patients was very poor; the 2-years overall survival ranged
5% to 2()%. 2~ However, with current treatment schedules
the 5-year disease free survival and overall survival rates
have increased to about 60 to 80%. =3 In these days the
rnost common cause of death among OS patients is failure
to respond to chemotherapy?~ The reason is that tumors
become multidrug resistant. To achieve a better therapeutical success rate it is important to select those patients
with a worse prognostic outlook and those with a higher
risk for multidrug resistance, in order to start a modified
and more aggressive therapy regimen for them.
In this retrospective immunohistochemical study we
examined the expression of p53 protein and the loss of heterozygosity of p53 gene in 21 OS patients. The aim was to

evaluate the correlation between p53 expression and prognosis as well as the correlation between p53 expression
and multidrug resistance.

Materials and Methods
Patients
Biopsy material was obtained flom 21 patients (I 1 males,
10 females; age: between 15 and 24 years, with an average
of 20 years) with previously untreated highly malignant OS
verified by histology. The location of the primary minor in
descending order of frequency was the distal femur 43% (n
= 9), proximal tibia 33% (7), proximal humerus 19% (4) and
sacrum 4% (1). The occunencc rate of the different histologic variants of osteosarcoma was as follows: 12 osteoblastic (61%), 3 mixed cell (14%), 2 fibroblastic (10%), and 1-1
periosteal, teleangiectatic and small cell (5%, respectively).
According to the Enncking surgical staging system6 17
tumors (81%) were in stage l i b and 4 (19%) in stage IIA.

Treatment
After establishing diagnosis the COSS 91 protocol was
started. This consisted of 9 weeks of neoadjuvant
chemotherapy, surgery on the 10th week and 14 more

Table 2. Correlation b e t w e e n p53 expression a n d
response

Case

1
2
3
4
5
6
7
8
9
10
11
12
13

to chemotherapy

p53 expression
biopsy surgery
+++
+++
++
++
-

+++
+++
+
+
+
-

14

-

-

15
16
17
18
19
20
21

++

++
+
+
+
-

+
-

response to
chemotherapy

survival after
chemotherapy

NR
10 mo, died
NR
I yr, died
NR
1,5 yr, died
R
3yr
IR
3,2 yr
NR
2 yr #
IR
3,5 yr
R
4 yr
R
3.5 yr
NR
1 yr, died
no preop chemoth 4 yr
NR
2,5 yr
no preop chemoth 2,5 yr
R
2 yr
NR
1,5 yr, died
NR
5 yr
IR
1 yr, died
IR
6 yr
NR
1 yr, died
NR
7 yr
IR
2,5 yr

# died from other reason
NR: non-responder; IR: intermedier responder; R: responder
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weeks of adjuvant chemotherapy using a combination of
lfosfamid (3 g/me), Adriamycin (3(/ mg/m:), Cisplatin
(120 rag/m-'), and high-dose Methotrexate (12 g/m-').-'5

lmmunohistochemistl T
The p53 antigen was detected using the streptavidinbiotin-alkaline phosphatase immunostaining method. The
paraffin sections were routinely deparaffinized and pretreated, as described by Cattoretti et al. 2 by microwaving
at 750 W in 10 mM citrate buffer, pH 6.0. Alter incubation for 20 min at room temperature with I% BSA to
block the non-specific binding of the reagents, a monoclonal mouse anti-human p53 antibody (DAKO-cloneDO-7) was applied at a dilution of 1:25 at 4 ~ overnight.
This antibody reacts with both wild and mutant types of
p53 protein. Slides were washed three times in Tris buffer
(pH 7.6) and incubated with biotinylated anti-mouse antibody (Amersham) for 30 min at room temperature and
washed twice with Tris buffer. Last, they were incubated
for 45 rain at room temperature with the streptavidinbiotin-alkaline phosphatase. The enzym activity was
detected by incubation with its substrate (New fuchsin,
DAKO). Endogenous alkaline phosphatase (AP) was
inhibited by the addition of levamisol (DAKO) to substrate. Specimens were slightly counterstained with
Mayer's haematoxylin, and mounted with glycerol gelatin.
Sections of ovarian carcinoma known to contain mutant
P53 protein were used as a positive control. The same
slides alter omitting the primary antibody, were used as a
negative control. In addition, 4 testes removed for nonneoplastic disease and 10 uninvolved normal tissues, not
adjacent to tumor location, were used as additional control. All controls gave satisfactory results. Three slides of
each tumor were evaluated by two of thc authors without
knowledge of the clinical data, and the average value was
considered.

P53 scoring
Since the number of cells labelled may be more meaningful than the intensity of staining per se ~ and since the
latter differed from one slide to another and sometimes,
within different areas of the same slide, we were encouraged to exclude the intensity of staining from the interpretation of our results. The extent of staining was evaluated as the percentage of positively stained versus total
number of tumor cells in five adjacent high power fields
at a magnification of (x 400) as rccently described by
Lipponen et al. ~) First the entire section was screened
carefully and counts were performed in representative
areas, i.e. regions with the maximum fraction of positively stained cells, well fixed and free of background.
Stromal components were avoided by comparing the secVol. 3, No 1, 1997
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tion with the bematoxylin and eosin-stained counterpart.
Tumors according to their extent of staining were classified as: (-) no obvious positive staining; (+) 5% or less of
tumor cells are positive; (++) 5-50% of tumor cells are
positive; (+++) more than 50% of tumor cells are positive. t-~ The change in p53 protein expression was determined both in the initial biopsy specimen as well as in the
surgical biopsy specimen.
In an attempt to evaluate tile effectiveness of the preoperative chemotherapy and thereby multidrug resistance,
patients were also divided into three groups according to
the modified Salzer-Kuntschik method-'-' where the percent of surviving tumor cells was determined in the surgical biopsy specimen. The three groups were: responder
(living tumor cells less than 10%); intermediate responder
(living tumor cells 10-50%); and non-responder (living
tumor cells more than 50%). Therefore, non-responders
were designated as multidrug resistant neoplasms.

Results
Alteration in p53 protein expression was observed in
29% (6/21) of initial biopsies and 43% (9/21) of surgical
specimens. There were no p53 positive biopsy materials
among the stage IIA tumors (Table 1). Among the stage
IIB tumors 35% (6/17) showed positive p53 expression.
In the surgical specimens only one case was p53 positive
(+) among the stage IIA tumors. Ill contrast, 47% (8/17)
of the stage liB tumors were p53 positive. Table 2 shows
the p53 protein expression, measure of responsc to
chemotherapy and survival time for each of the 21 cases.

Correlation bem'een p53 e,q)ression and survival time
When biopsies showed positive p53 protein expression
a shorter mean survival time was perceived (Table 2). Both
+++ cases had metastases and local recurrences and died
within 1 year. One patient with ++ in both specimens, survived only 1.5 years after having metastases and local
recurrences. Two other biopsies were ++. One of them
became + by the time of surgery and also survived only 1.5
years. The other turned negative by the time of surgery,
but died 2 years later of a different cause. Therefore, the
++ cases had a longer survival time than the +++ cases.
Only one case was + in both specimens and despite a nonresponder status, the patient is still living after 7 years.
Essentially, all initial biopsies that showed ++ or +++ p53
overexpression were non-responsive to chemotherapy and
all the patients have died.
15 cases showed no p53 expression on initial biopsy, 4
cases became p53 positive (+) alter chemotherapy. Three
of these cases died within I year, however the remaining
p53 negative patients are alive after a mean follow-up time
of 3.5 years.
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3. Correlation between p53 expression and
response to chemotherapy
Table

respo~ise to chemotheerapy
(according to morphology)
p53 expression in
intermediate
biopsy material
non-respo~Mer
responder

responder

+++
++
+

2
3
1

0
0
0

0
0
0

-

4

5

4

Correlation between p53 expression and response
to treatment

The sensitivity to treatment is summarized on 7'able 3.
Only 19 of the 21 cases have information about the
response to chemotherapy because 2 patients did not
receive preoperative chemotherapy. As seen both in
Table 2 and Table 3, all the p53 positive cases fell into the
non-responsive category. This dcmonstrates a positive
correlation between p53 overexpression and multidrug
resistance.
Among the patients who showed no p53 overexpression,
31% were responders, 38% were intermediate responders
and 31% were non-responders. None of the responders
turned p53 positive after receiving chemotherapy and all
survived, with the mean follow up lime of 3. I years. In the
intermediate responder group 40% turned positive (+)
after chemotherapy and all but one patient survived.
In the non responder group 2 of the 4 patients who were
initially p53 negative, became p53 positive (+) after
chemotherapy, in addition, only these patients died, both
within one year. Furthermore, the fact that 3 out of the 4
that turned p53 positive died within a year shows that
tumors that gain p53 expression during or after neoadjurant chemotherapy tend to show a worse prognosis than
those that remain p53 negative.
Discussion

Undifferentiated OSs were shown to commonly display c-myc amplification, p53 and RBI mutations and
autocrine growth-factor production. Of these, p53 was
altered in five of six OS cell lines. ~4 The data available
on the p53 overexpression, response to chemotherapy
and length of survival in OS patients are rather contradictory.<-~':4
Nishikawa et al e' analyzed p53 protein expression in 35
resected OSs. Abnormality in p53 protein expression was
found in 29%. While these results showed no correlation
with any clinicopathological features, the staining pattern

of p53 protein seemed to correlate with aggressive growth
and metastatic potential. Diffusely stained tumors had a
worse prognosis than those stained focally. In addition,
maximum overexpression was detected in cells in the S
phase, indicating that the nuclear accumulation of p53 protein is a potentially useful prognostic factor for OS. Ueda
et al ea found p53 positivity in more than hail of the tumor
cells in the majority of 18 OSs. They concluded that point
mutation of the p53 gene is frequently involved in the
development of OS. They found however no correlation
between p53 protein expression and any clinical or pathological factors.
In our study, P53 protein overexpression was detected
in 29% of initial biopsies and in 43% of surgical specimens taken after nine weeks of preoperative chemotherapy. The increase in p53 expression alter neoadjuvant
therapy may be due to the mutagenic affects of the cytotoxic drugs used.
While there were no p53 positive biopsy materials
among the stage IIA tumors, 35% of the stage lib tumors
showed positive p53 expression. In the surgical specimens
only 25% of the stage IIA tumors were p53 positive compared to 47% of the stage lib tumors. Intensive positive
reactions (++ and +++) were found only in stage liB
tumors. This may imply a correlation between the tumor
size and p53 expression frequency and intensity. The number of spontaneous mutations and the primary drug resistance of the tumor may increase with the size and progression of the tumor.
P53 positive (++ and +++) exprcssion was associated
with a less mean surviwtl time than that of p53 negative
cases and the ++ cases had a longer survival time than the
+++ cases. However, all the patients, except one, that
showed any kind of p53 expression on initial biopsy have
died. In addition, 3 out of the 4 p53 negative cases which
turned positive alter preoperative chemotherapy also died.
Lastly, the fact that neithcr p53 positive cases responded
to preoperative chemotherapy indicates a direct correlation between p53 expression and multidrug resistance. In
addition, 69~k of the biopsies that demonstrated no p53
expression fell into the responder or intermediate responder category; this represents a caajority. Furthermore, a
gain of p53 expression during the time of neoadjuvant
chemotherapy is associated with a worse prognosis.
Therefore, we feel that p53 expression may be useful as a
prognostic tool of OS.
References

1. Brunat-Mentigl~y M apedKohler R: Eosleosarcome. Rev Prat 43:

2197 203, 1993.
2. CallOVerli G. BeckeJ" GM, Key G. et al: Monoclonal antibodies

against recombinant parts of the Ki-67 antigen (MIBI and MIB3)
detect prolil~'xatingcells in microwave-processed formalin-fixed
paraffin sections. Journal of Pathology 168: 357-363. 1992.
PATHOLOGY ONCOLOGY RESEARCH

p53 Overexpression in Osteosarcoma

3. Chang E @ @ m e n S. 7k'rvahaula A. and 5)'Cjanen K.
Tumourigenesis associated with the p53 tumor suppressor gene.
BrJ Cancer 68: 653-61, 1993.
4. Cordrm-Cardo C, Latres E. Drobt(/ak M. er al: Molecular
abnormalities of mdm2 and p53 genes in adult soft tissue sarcoinas. Cancer Res 54: 794-9, 1994.
5. Caftan RS, et al.: Neoplasia. In Co/ran RS. Kumar V, Robbins
SL, (eds.): Robbins Pathologic Basis of Disease. Philadelphia,
WB. Saunders Company, 1989. pp. 239-3(15.
6. EmleLing W k S p a n i e r SS. Goodman MA."A systeln for tile surgical staging or musculoskelelal sarcoma. Clin Orthop 153:
106, 1980,
7. Farmer G, Bargonetti I, Zhu H, et al." Wild-type p53 activates
transcription in vitro. Nature 358: 83-86, 1992.
8. Friedman .IM and MeGillivray B: Genetic Paradigms in Human
Disease. In Friedman JM, et al. (eds.): Genetics. Baltimore,
Williams & Wilkins. 1992, pp. 130-4.
9. Grundmann E. Ueda Y, Schneider-Stuck R. and Roessner A."
New aspects of cell biology, in osteosarcoma. Palhol Res Pract
191: 563-70, 1995.
I O. Haines DY',Lamlers .IE, Engle I J. aml George DL. Physical and
functional interaction between wild-type p53 and mdm2 proteins. Mol Cell Biol 14:1171-8, 1994.
I 1. Hull PA and Lane DP: P53 in turnout pathology: can we trust
imnmnohistochemistry? -Revisited!. Journal of Pathology
172:1-4, 1994.
12. lla*ma E, Bodrogi 1, hlstitoris E, and Be*/,-M." A p53 expresszi6
ds a klinikai rezisztencia (YsszefiJggdsdnekvizsg~-ilatahererSkokban. Orvosi Hetilap 137: 59-64, 1996. (In Hungarian only,)
13. Hun~, .1 and A~Merson R: p53 functions, mutalions and sarcomas. Acta Orthop Scand 273: 68-73. 1997
14. I#fi~rt R,I, Cody DB, Lovell G, and Doersen CI: Analysis of
oncogenes, tumor suppressor genes, autocrine growth-factor
production, and differentiation state of human osteosarcoma
cell lines. Me[ Carcinog 14: 170-8, 1995.

15. Knud,~on AG." Antioncogenes and human cancer. Proc Natl
Acad Sci lISA 90: 10914-21, 1993.
16. Kopper L and Sebestven A: P53 (egy molekula, mely
,,v6gigsC,p{}rr' a daganat kutattison). Magyar Onkologia 39:159164, 1995. (In Hungarian only)
17. Lee ,1,91. Abrahamson ,ILA. Kamh'l R, et al: Susceptibility to
radiation-carcinogenesis and accumulation of chromosomal
breakage in p53 deficient mice. Oncogene 9:3731 3736,
1994.
18. kevine A,I, Momand J, and Fmlay CA: The p53 tumor suppressor gene. Nature 351: 453-456, 1991.
19. Lipponen PK. Over expression of p53 nuclear oncoprotein in
transition:d cell bladder cancer and its prognostic value, lnl J
Cancer 53: 465-470, 1993.
20. Mahm'er.M, Link M, and Donaldson S" Sarcomas of Bone.
/HDevita V, Hellman S, Roscnberg S (eds.): Cancer Principles
and Practice of Oncology. Philadelphia, J.B. Lippincott Co.,
1993, pp. 1509-1552.
2l. Nishikawa Z }~*mamoto g Mizuno K, et al." Expression of the
p53 protein in human osteosarcoma. Nippon Seikeigeka Gakkai
Zasshi 68:400-406, 1994.
22. Satzer-Kuntsehik M, DelliHg G. Beron G, Sigmund R:
Morphological grades of regression in osteosarcoma after polychemotherapy study COSS 80. J Cancer Res Clin Oncol (Supply
106: 21, 1983.
23. Serra M. Scotlandi K. Mm~ara MC, et al: Establishment and
characterization of multi-drug resistant human osteosarcoma
cell lines. Anticancer Res 13: 323-9, 1993.
24. Ueda Y, Doekhorn-Dwornie=ak B, Blasius S, el al." Analysis of
mutant P53 protein in osteosarcomas and other malignant and
benign lesions of bone. J Cancer Res Clin Oncol I19:172-8,
1993.
25. I4'inkler K aml Bielaeh S: Chemotherapy of osteosarcoma. Sere
Orflaop 3: 48-58. 1988.

XXII International Congress of the
INTERNATIONAL A C A D E M Y of PATHOLOGY
and 13 "1World Congress of
A C A D E M I C and E N V I R O N M E N T A L PATHOLOGY
Site: NICE City (FRANCE), October 18-23, 1998
Abstract deadline: April 15, 1998
Second announcement request: CONVERGENCES/IAP' 98
120 Avenue Gambetta 75020 PARIS (FRANCE)
Fax: 33 1 40 31 01 65 e.mail: convergences @ iway. fr.
Internet informations: http://www.anapath.necker, fr/aip/aip.html

Vol. 3, No 1, 1997

19

