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Apoptosis Detected by in Situ DNA end-extension in Osteosarcomas
- In relation to p53 and Bcl-2 expression -
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— Abstract —

Objective : The objective of this study was to compare expression of various proto-oncogenes and
rates of apoptosis in osteosarcoma patients. Modulation of apoptosis may influence resistance to
chemotherapy and therefore affect the outcome of cancer treatment. Osteosarcoma is one of the most
fatal malignancies in young adolescents and investigation of the role of apoptotic cell death is war-
ranted in relation to chemotherapy and tumor outcome.

Design : The terminal deoxynucleotidyl transferase to exposed 3’ -hydroxyl termini of DNA
(TUNEL method) staining method has been applied for the in situ detection of DNA double strand
breaks.

Patients : Thirty-three osteosarcomas in various stages of differentiation from twenty-nine patients
were investigated immunohistochemically for p53, Bcl-2 and TUNEL method for apoptosis.

Results and conclusion; We have found that higher level of wild type p53 were correlated with
enhanced expression of apoptosis. Increased apoptosis rates were found in cases of negative Bcl-2
expression. In the present study, we have concluded that a significant proportion of osteosarcoma, a
tumor in which resistance to chemotherapy often occurs, express high levels of p53 and low levels of
Bcl-2. Our data provide further evidence for cross-talk between Bcl-2 and p53 and suggests that these
genes are important determinants of drug-induced apoptosis.
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Introduction

Apoptosis is a distinct mode of cell death
that is responsible for deletion of cells in
normal tissues: it also occurs in specific
pathologic conditions. Morphologically, it
involves rapid condensation and budding of
the cells, with the formation of membrane-
enclosed apoptotic bodies containing well-
preserved organelles, which are phagocytosed
and digested by nearby resident cells. There
is no association with inflammation. A
characteristic biochemical feature of the pro-
cess is double strand cleavage of nuclear
DNA at the linker regions between nucleo-
somes leading to the production of oligonu-

17)

cleosomal fragments'”. Apoptosis can be

found in virtually all untreated malignant

31,
tumors™®,

however there have been few
precise quantitative studies™.

Osteosarcoma is a high-grade malignant
tumor which occurs predominantly in the
long bones of adolescents and young adults.
It is generally accepted that the advent of
modern chemotherapy has improved the
prognosis in osteosarcoma to about 50-60%

. Recent study has suggest-

5-year surviva
ed that prognosis in osteosarcoma is related
to the amount of necrosis seen in the resect-
ed specimen after chemotherapy”. Apoptosis
often is particularly prominent near foci of
confluent necrosis, where mild ischemia is
likely to be involved in its initiation; this is
a known cause of enhancement of apoptosis
in non-neoplasitic tissues™?.

Recently, it has been discovered that
apoptosis can be regulated by the products
of certain proto-oncogenes, pb3 tumor sup-
pressor gene, and bcl-2 protein'®'***%

In situ end-labeling of fragmented DNA

can be used for identifying cells at early

130 This in situ end-

stages of apoptosis
labeling is a one of the convenient methods
to detect apoptosis in paraffin embedded tis-
sue. In the present study, both fragmented
and condensed nuclei, as well as apoptotic
bodies are readily stained using in situ end
labeling technique, enabling differentiation
of apoptotic cells from infiltrating lympho-
cytes or mitotic cells™.

In this article, we studied expression of
apoptosis using terminal deoxynucleotidyl
transferase to exposed 3 -hydroxyl termini of
DNA (TUNEL method) in osteosarcoma
patients and compared the expression rates
of apoptosis to the rates of proto-oncogene
expression, chemotherapy, necrosis and

other histologic and clinical parameters.
Materials and Methods

Thirty-three osteosarcomas in various
stages of differentiation from 29 patients
were studied by immunohistochemistry. The
tumors were subtyped according to their
main component as osteoblastic, chondrob-
lastic, and fibroblastic. We graded the his-
tology of the tumor according to the Broder
s classification. Patient s age, sex, survival,
and location of the lesion were evaluated,
Fifteen patients were receiving preoperative-
ly chemotherapy and we also examined the
chemotherapy regimen.

In situ Apoptosis staining All surgical
specimens were fixed in 4% neutral buffered
formalin and decalcified and embedded in
paraffin. 6un sections on poly-L-Lysine-coat-
ed slides (DAKO, Carpinteria, Ca) were
deparaffinized, rehydrated, and washed
with distilled water. Tissue sections were
protein stripped by incubation with 20mg/mi
proteinase K (Sigma, St. Louis, MO) for 5
minutes at room temperature, followed by a



distilled water wash. The TUNEL method
was used for identification of apoptosis
{Apoptag in situ detection kit, Oncor,
Gaithershurg, MD). Sections were immersed
in equilibration buffer for 10 minutes at
room temperature, terminal deoxynucleotidy!
transferase (TdT) was added to the sections,
and the slides were incubated in a humidi-
fied chamber at 37C for 1 hour. The reac-
tion was stopped by incubating the slides
with stop/wash buffer at 37C for 30 min-
utes. After washing in phosphate buffered
saline, the sections were incubated with
anti-digoxigenin peroxidase solution for 30
minutes at room temperature. The slides
were colorized with deaminobenzidine /HyO,
solution (0. 2mg/ml diamin- obenzidine tetra-
chroloride and 0.005 % H;O, in 50 mM Tris-
HCl buffer), and counterstained with hema-
toxylin. Tissue sections treated with DNAse
1 (0.7mg/mi sodium cacodylate buffer, pH
OH) for 10 minutes

Solon,
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before treatment with TdT served as positive
controls. Samples treated similarly but with-
out enzyme served as negative controls.

We graded the in situ apoptosis staining as
follow; none of the cells were positive stain-
ing as negative; scattered tumor cells were
positive even though morphologically normal
looking nucleus as one positive; tumor cells
were positive and showed morphologically
apoptotic change on their tumor cell nuclei
as two positive (Fig. 1).

Monoclonal Antibodies

The antibody to pb3 protein was a mouse
monoclonal antibody. Clone Pab 1801 (Pha-
rmingen, San Diego, Ca), specific to human
p53,
types. Clone Pab 240(Pharmingen, San

reacts with either wild or mutant

Diego, Ca) recognizes a common conforma-
tional epitope of the mutant type. However,
It does not react to wild-type p53 protein,

:

Fig. 1. In situ staining of DNA double strand breaks of osteosarcoma counterstained with

hematoxylin (x200). Several intesnely stained cells with apoptotic condensed nuclei

are present (arrow head).



The antibody to bcl-2 was a mouse mono-
clonal antibody, IgG class (DAKO, Carpin-
teria, Ca).

Immunohistochemistry

Immunolocalization was performed using a
streptavidin-biotin immunoperoxidase
method (DAKO LSAB kit, Carpinteria, Ca).
Briefly, 6um paraffin sections were adhered
to silanized slides and dried. After the
deparaffinization and rehydration, the tissue
sections were incubated for five minutes
with 3% hydrogen peroxide and blocking
reagent. After microwave antigen retrieval
in citrate buffer, the sections were exposed
to the primary antibodies for 30 minutes at
37¢C. After washing with Tris buffered
saline, biotinylated link antibody was
applied for 15 minutes followed by strepta-
vidin peroxidase for an additional 10 min-
utes.. Color development was performed with
substrate chromogen (3-amino-9-ethyl car-

sl

Fig. 2. p53 immunostaining of osteobla
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stic osteosarcoma counterstained with hematoxylin

bazole) solution for 10 minutes. Immunore-
actions for p53 proteins (Fig. 2) and Bcl-2
(Fig. 3) were scored as follows:three posi-
tive(++), more than 50 % of tumor cells are
positive; two positive(+), 10 to 50 % of
tumor cells are positive; one positive(¥), less
than 10 % of tumor cells are positive; nega-
tive(-), tumor cells are negative.

Statistics

The Pearson correlation coefficients were
calculated to study the correlation between
analysis variables. One way analysis of vari-
ance (ANOVA) was carried out to study the
differences in the rates of apoptosis, p53 pos-
itivity, bel-2, and clinico-pathological factors.

Results
Apoptosis was detected in fifteen cases

among 33 osteosarcomas. Among the fifteen
cases, six instances revealed grade two posi-

(% 100). Most of the tumor cells showed grade three positive.



tive staining intensity and the remaining
nine cases revealed grade one stainability. In
some areas, positive apoptotic cells were
numerous in the vincinity of the necrotic
area. The authors compared the rate of
apoptosis with chemotherapy. Among the
negative apbptosis, 10 patients had received
chemotherapy and seven had not received

chemotherapy. Among the five cases of
grade one positive apoptosis, four had not
received chemotherapy and one had been
treated with chemotherapy. Four patients
who had been treated with chemotherapy
showed grade two apoptosis positivity and the
two patients who had not received chemoth-
erapy also showed grade two apoptosis posi-

Table. 1. Clinico-pathological profiles and expressions of p53,Bcl-2 and apoptosis in osteosarcomas.

Case  Age/ Necrosis H. H. Location  PAB PAB Apopto-  Bcl-2 Chemo-
Sub Grade .
sex type 1801 240 sis therapy

1 15/F Tibia F 4 + + - - - ;

2 2F  llium C 3 + + +- . + .

3 15/F Tibia F 4 - ++ ++ ++ - -

4 23M NA C 3 - + +/- - - +

5 29/F Tibia ] 3 - + +- i, R i

6 18/M Femur F 3 - ++ - - - NA

7 7™ Femur (6] 3 - 4 +- + B _

8 42/F Femur C 2 - ++ ++ - + +

9 42/F Femur C 2 - + - - - +
10 8/M Femur 0] 3 - +++ +/- - - +
1 12/M NA O 4 - + - - . -
12 32/F Femur 0 3 + + - ++ - +
13 43/F Femur F 3 + +++ +/- ++ - +
14 NA NA C 3 - 4+ ++ - + +
15 18/M Tibia c 3 - + ++ - - +
16 34/F Maxilla F 2 - +++ - + + NA
17 1/M Femur (0] 3 - ++ - R R B
18 20/M Shoulder C 3 + + ++ + . R
19 NA Femur 0O 3 + +++ +- ++ - +
20 20/F Maxilla F 2 - +++ - + - +
21 66/M Femur 0 3 + +++ - + - -
22 13/F Femur C 3 - ++ ++ . - i}
23 53/M Pubis F 3 - o ++ ++ - +
24 17/F Humerus 0 4 - +++ - ++ + -
25 16/M Ilium 0 3 - + - - - +
26 3/F Femur (€] 3 - ++ ++ + - NA
27 12/F Femur (6] 3 - +++ +- - + -
28 17/M Femur 0 4 + + - - - +
29 19/M Tibia F 3 + +++ - + + NA
30 13/M Tibia O 3 - + - + + -
31 13/M Tibia o] 3 - + - + + -
32 17/M Fibula F 3 + S - - - .
33 NA NA O 4 - . - - _ NA

H: Histologic, F: Fibroblastic osteosarcoma, C: Chondroblastic osteosarcoma,

O: Osteoblastic osteosarcoma. NA: not available



tivity. The rates of apoptosis and chemother-
apy treatment were not correlated. The
results of immunostaining and clinical
parameters were summarized as Table 1.

Positive rates of apoptosis were compared
with necrosis. Among the 18 cases of nega-
tive apoptosis, only three cases revealed
necrosis. Among the nine cases of one posi-
tive apoptosis, four cases showed necrosis and
five cases revealed no necrosis. Among the 6
cases of two positive apoptosis, half of them
showed necrosis. These results revealed that
there was a strong correlation between the
presence of necrosis and apoptotic positive
rate (r= 0.31083).

Apoptosis was also compared with location
of the bone involvement and histologic types.
Four cases out of six involved flat bone
showing grade one and two apoptotic positivi-
ty. However, 10 cases among the 23 instances
involving long bone showing apoptotic positiv-
ity. Osteoblastic osteosarcomas were 16 cases
among the 33 instances. Among them, seven

cases showed positive apoptosis with varying
stainability. Chondroblastic osteosarcomas
were 8 cases. Seven cases were negative for
apoptosis and only one was one positive for
apoptosis. Nine cases were fibroblastic
osteosarcoma. Seven instances were positive
for apoptosis with varying staining intensi-
ties.

Histologic grades were compared with apop-
tosis. Four cases were grade two osteosarco-
ma, half of them were negative for apopto-
sis. 23 cases were grade three osteosarcoma.
Ten cases out of them showed grade one or
two positive for apoptosis. Six cases showed
grade four osteosarcoma. Half of the grade
four osteosarcomas were negative for apopto-
Sis.

All the thirty three osteosarcomas showed
positive immunoreactions with PAb 1801 anti-
body which means either positive for wildor
mutant type of pb3 protein. PAb 1801 exhib-
ited both intranuclear and intracytoplasmic
granular positive reactions in osteosarcoma

Fig. 3. Bcl-2 immunostaining of fibroblastic osteosarcoma counterstained with hematoxylin

(% 200). Some of the tumor cells showed grade two positive stainability.



cells. Non-neoplastic cells were negative for
this antibody. Staining intensities of this
antibody were quite prominent in most of the
positive tumors. In fifteen instances(5.4 %,
15/33), more than half of the tumor cells
were positive. The classical ostecblastic
osteosarcomas revealed variable staining
intensity in tumor cells. Adjoining osteoid
and necrotic areas were negative. In chon-
droblastic osteosarcomas, there was a tenden-
cy for intense stainability in the cellular,
peripheral areas of chondroid lobules. In
fibroblasltic osteosarcomas, the spindle tumor
cells as well as multinucleated giant cells
were positive. Expression of this antibody
was not correlated with other clinical or
pathological factors, such as age, location,
histologic grade, and presence of necrosis
(Table 1). There was no significant different
staining pattern between the histologic sub-
types. Among the thirteen cases of grade one
positive p53, 11 cases were negative for apop-
tosis. Four cases were negative for apoptosis
among the five cases of grade two pb3 posi-
tive. Fifteen cases were grade three positive
for pb3 antibody. Seven cases among them
showed grade one apoptosis positive, and five
instances showed grade two apoptosis positivi-
ty. There was no significant differences
between p53 staining intensity and the pres-
ence of chemotherapy. For Pab 240 antibody
which means mutant type of pb3, 8 cases out
of 33(244 %) were grade + positive staining.
Half of the PAb 240 positive cases showed
variable degree of apoptosis. Among the neg-
ative for Pab 240 cases, 8 cases showed vari-
able degree of apoptosis(Table 1).

We perfomed anti bcl-2 immunostaining.
72.7% (24 cases out of 33) were negative for
bel-2 and 27.3% (9 cases out of 33) showed
positive immunoreactions.

Among the 24 negative bcl-2 cases, 12 cases

were negative for apoptosis, seven were one
positive and the rest 5 were two positive for
apoptosis. However, among the 9 bcl-2 posi-
tive cases, six cases were negative for apopto-
sis, two Instances were one positive apoptosis
and only one case showed two positive apop-
tosis,

The histologic grade of the osteosarcomas
was also compared with bel-2 immunoreactiv-
ity. Two cases of grade two osteosarcoma
revealed bcl-2 positive and two cases of grade
two were negative for bel-2. Twenty-three
cases were grade three. Among them 17 cases
were negative for bel-2 and six cases were
positive for bel-2. There were 6 cases of grade
four osteosarcoma. Five instances were nega-
tive for bcl-2 and one case revealed positive
for bcl-2.

Twenty-three cases revealed no necrotic
area. 16 cases among them showed negative
for bel-2 and 7 instances showed positive for
bel-2. 10 cases showed necrosis. Among them
8 cases showed negative for bcl-2 and only
two instances showed positive for bel-2.

Fifteen cases were treated with chemot-
herapy. Among them 13 cases showed nega-
tive for bcl-2 and two cases showed positive
for bcl-2 immunostaining. Eight cases out of
13 cases which had not received any kind of
chemotherapy showed negative for bcl-2 and
the rest of five cases revealed positive for bcl-
2 staining.

We also compared p53 immunoreactivity
with bcl-2 immunostaining. Ten cases out of
24 negative bcl-2 showed one positive p53
immunostaining, four cases of bcl-2 negative
showed two positive p53 staining, and the
remaining 10 cases of bcl-2 negative showed
grade three p53 immunoreactivity. Among
the 9 bcl-2 positive cases, three instances
showed grade one p53 positive immunoreac-
tion, one case showed grade two, and the



remainig five cases revealed grade three p53

immunostaining.
Discussion

The realization that apoptosis occurs in
tumors is not new. More than 20 years ago
it was suggested that apoptosis may account
for much of the spontaneous cell loss known
from kinetic studies to occur in many

1618 and it has been clear for some

tumors
time that its extent often is enhanced in
tumors by well-established treatment modal-
ities such as chemotherapy****
However, during the past few years,
advances in understanding of the control of
apoptosis at the molecular level have extend-
ed its potential oncologic significance far
beyond the mere provision of a mechanistic
explanation for tumor cell deletion.

Identification of apoptosis by light
microscopy is difficult because cells undergo-
ing the process may die individually and
rapidly become phagocytized. Thus, some
apoptotic cells may never be apparent in
routine histologic sections, and early apop-
totic nuclear changes are not distinguishable
from lymphocytes and prophase mitotic cells
by light microscopy alone. Despite these lim-
1tations, immunochemical methods can pro-
vide relevant estimations for the freguency
and extent of the apoptotic process.
Application of improved immunochemical
techniques for identification of DNA double
strand breaks in histologic sections has
demonstrated that programmed cell death
occurs spontaneously in a wide range of neo-
plasms® * *,

The in situ identification of individual
cells undergoing apoptosis is enabled by
application of the recently described method

of Gavrieli et al., identifying in situ DNA

strand breaks by specific binding of termi-
nal deoxynucleotidyl trnasferase(TdT) to
exposed 3 -hydroxyl termini of DNA (Tunel
method) ™. Binding is followed by the TdT-
catalyzed repetitive addition of several thou-
sand normal or modified mononucleotides.
This method permits the reliable quantifica-
tion of DNA fragmentation in cells in sus-
pension, as well as in tissue sections.

In this study we examined the occurrence
of apoptosis in osteosarcoma patients who
had or had not received chemotherapy. The
rate of apoptosis and chemotherapy treat-
ment were not correlated. Histologic grades,
and the location of tumor in the long bones
were also not correlated with the positive
rates of apoptosis. Regarding the histologic
subtype, there was a tendency that fibrob-
lastic osteosarcomas exhibited more frequent
apoptotic positive rates and chondroblastic
osteosarcomas showed less frequent apopto-
sis. However, this was not statistically sig-
nificant. There were trends of enhanced
apoptosis in the case of positive necrosis.
However, they were not statistically signifi-
cant either. We also compared bcl-2 positivi-
ty and various other parameters. Histologic
grade, presence of necrosis, and even posi-
tive rates of pb3 were not correlated with
positive rates of bel-2.

A variety of anti-cancer drugs have been
shown to induce extensive apoptosis in
rapidly proliferating normal cell populations,

1,3,7.23)

lymphoid tissues, and tumors . The way
in which anti-cancer drugs induce apoptosis
is unknown.

Wild type p53 has two distinctive func-
tions, inducing Gl arrest and apoptosis,
particularly when cells are experiencing
DNA damage®™. Enhancement of apoptosis
after induced expression of the pb3 tumor

suppressor gene is also evident'”. Abnormali-



ties of the p53 tumor suppressor gene, rang-
ing from complete deletion to point muta-
tion, constitute some of the most frequently
encountered genetic defects in human

' Mutations of the p53 gene may

cancer®
have a close relationship with tumorigenesis
in terms of apoptosis suppression®®. In this
study, we compared apoptosis positive rates
with pb3 positive rates. In cases of grade 3
positive wide type p53, enhanced apoptotic
rates were recorded. This is statistically sig-
nificant. In mutant type p53, the positive
rates of apoptosis was variable and this is
not statistically significant.

Bcl-2 is a 26 kD, putative membrane asso-
clated protein containing a hydrophobic car-
boxyl terminus that may locate it to the
intracellular membranes while leaving the
remainder of the protein in the cytosol®?,
Bcl-2 originally was proposed as a candidate
proto-oncogene because of its location at a
breakpoint in a chromosome translocation
that occurs in a proportion of human B-cell
lymphomas™.

The involvement of Bel-2 in p53 induced
apoptosis was first suggested by the observa-
tion that p53 induced cell death can be pre-
vented by Bcl-2 expression””. Miyashita et
al®. reported that in p53 deficient mice,
Bcl-2 expression is elevated accompanied by
down regulation of Bax expression, particu-
larly in the prostatic epithelium. These
results have led to the hypothesis that wild
type pb3-dependent apoptosis occurs at least
partly throught its suppressive effect on Bel-
2 expression or its function. In cases of bcl-2
negative, apoptosis positive rates tended to
increase. However, it was not statistically
significant. In cases which had not received
any chemotherapy, there were less bcl-2 pos-
itive rates. There is evidence that stimula-
tion of some cell lines by trophic cytokines

or increase in their level of expression of the
bcl-2-proto-oncogene (the bcl-2 gene product
inhibits apoptosis occurring in a variety of
circumstances) can greatly increase their
resistance to the apoptosis-inducing effect of
anticancer drugs®™®.

In the present study we have found that a
significant proportion of osteosarcoma, a
tumor in which resistance to chemdtherapy
often occurs, express high levels of wild type
p53 and low levels of bcl-2.

This is the first report to study the occur-
rence of apoptosis in cases of osteosarcoma
patients. - Enhanced occurrence of apoptosis
was found in cases of wild type pb3 +++ posi-
tive cases, and in the vincinity of necrosis.
Also noted, increased apoptosis positive rates
were found in cases of negative bel-2 expres-
sion.
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