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Microspectrophotometric Quantitation of DNA 1n
Bone Tumors with Giant Cells (Osteoclastoma,

Osteosarcoma and Chondroblastoma)

. ScHaiowicz, MDD, R, L. CariNg M.D., anp I GiMENEZ, D.D.S.

Almost all authors agree that the genuine
giant-cell tumor is an aggressive neoplastic
process and that the origin of the mononu-
clear stromal cell is from the undifferen-
tiated mesenchymal cell of the bone marrow,
From these same stromal cells, with therr
tendency toward histiocytic and fibroblastic
differentiation. derives the multinucleated
giant cell. 1t develops either by fusion of the
mononuclear stromal cells. as held by the
majority of authors, or by repeated division
of the nuclei of stromal cells without the
corresponding cytoplasmic division, as sus-
pected by Virchow and reiterated by Alber-
tuni.' One of us (I.S)), in collaboration with
Lustig and Schajowics'' and Gallardo er
al.* has been able to prove that the latter
'mechanism occurs at least in some giant cells
in tssue culture, probably by amitotic di-
vision or nuclear segmentation. Most ultra-
structural studies lend more support to the
fusion theory but have not been able to dem-
onstrate it with certainty.®!'"'#"

One of us (F.S.)'° has demonstrated that
multinucleated giant cells show the same
histochemical behavior as is observed in the
normal osteoclast. These findings have been
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confirmed by other authors,”*'*'* including

evidence obtained from ultramicroscopic
studies.'® Identical histochemical and ultra-
structural features characterize pathologic
tumoral and nontumoral multinucleated cells.
Giant cells of osteoclast type are also found
in chondroblastoma and osteosarcoma. As
a general rule, giant cells have a limited life-
span. Degenerative changes appear in giant
cells 1n tissue cultures after 48 to 72 hours
while the fundamental mononuclear stromal
cells are sull actively growing and prolifer-
ating. In contrast to the frequency of mitotic
activity 1n the stromal cells, no mitotic fig-
ures, or only very few, have been demon-
strated in the giant cells.* The mechanism
of giant-cell formation is difficult to eluci-
date in static material, such as tissue sam-
ples, and this is also true in ultrastructural
or tissue culture studies. To follow the
growth and division of cells would require
the use of microcinematography, a method
not yet applied in the field of bone tumors.

In the last two decades DNA has been
investigated microspectrophotometrically in
many different neoplastic processes. Ac-
cording to these studies, the distribution of
nuclear DNA is related to the cellular atyp-
ism, which is considered to be one of the
indications of malignancy.”'* We have al-
ready published our findings in a series of
chondromas and chondrosarcomas in which
an evident correlation between histophoto-
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metric results and the grade of malignancy
was demonstrated.'” In the present study we
have applied this technique to bone tumors
that contain a more or less conspicuous num-
ber of multinucleated giant cells, and have
compared the quantity of DNA in the mono-
nuclear stromal cells with that in the giant
cells. We hope that this relatively new
method may help to clarify some of the dis-
puted aspects of the histogenesis and behav-
ior of these tumors.

MATERIALS AND METHODS

We have studied six cases of osteoclastoma
(giant cell tumor), eight cases of chondroblastoma
(epiphyseal or benign chondroblastoma) and four
cases of malignant bone-forming tumor (osteo-
sarcoma). The osteosarcomas were selected cases
showing abundant giant cells. One of them was
a sarcomatous transformation in Paget’s disease.

Biopsy material was fixed with formol and was
embedded in paraftin. In order to perform the
microspectrophotometric study of DNA | the Feul-
gen reaction was employed with 35 minutes hy-
drolysis. Sections were mounted on synthetic
resin.

Quantitation was performed by means of a bi-
directional scanning system and included about
120 plugs per nucleus. The equipment used was
a Cytoscan Zeiss with automatic stage for scan-
ning with an interval of 0.5 um and a plug di-
ameter ol 0.5 wm.

In cach tumor the DNA content of the giant
cells and of the stromal cells surrounding them
wis determined. The lymphoceytes in each tumor
section were also measured to provide a normal
diploid value and a system of comparison. Values
for each tumor were recorded as histograms.

RLESULTS

OSTEOCTLASTOMA

Histograms corresponding to the six cases
of osteoclastoma are represented in Figure
1. Distribution of the content of DNA in the
lymphocytes is shown in the first column.
The second column gives the results of the
“individual” measurement of giant-cell nu-
clei. It is evident that the content of DNA
in each of these giant-cell nuclei is very con-
stant, almost without deviation, and mark-
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edly similar to the content of the lympho-
cytes. We can therelore affirm that the
individual nuclei of giant-cells have a diploi¢
content of DNA, that is to say, the same
quantity of DNA as is found in all somatic
cell nuclei. In the third column the histo-
grams show the accumulated data for the
stromal cells, of fibroblastic or histiocytic
type. Although most nuclei have the diploid
content, as do the nuclei of the giant cells,
several values exceed it and give the graph
an evident deviation to the right. Those cells
with a larger DNA content than the diploid
must be in a stage synthesis, which is indirect
proof of their proliferative activity.

Figure 2 represents the accumulated data
of all six osteoclastomas, and 1t clearly em-
phasizes the uniformity of the results ob-
tained. It is again remarked that the diploid
content of the nucler of the giant cells in-
dicates their lack of cellular reproduction.
On the other hand, the deviation towards the
right in the histogram for the stromal cells
indicates cellular reproduction. These tu-
mors must, therefore, proliferate at the ex-
pense of the stromal cells and not of the
multinucleated cells which derive from them.

In none of these osteoclastomas was there
evidence of irregular distribution of DNA
which might suggest the presence of atypical
cells.

CHONDROBLASTOMA (EPIPHYSEAL OR
BENIGN CHONDROBLASTOMA)

Light cases of chondroblastoma were an-
alyzed (Fig. 3). The results are very similar
to those recorded for the osteoclastomas, but
this tumor offérs a more complicated struc-
ture for this kind of study. The irregularity
of its cellular elements and the foci of ne-
crosts and calcification within it render dif-
hicult the sefection of cells to be submitted
to microspectrophotometric quantitation. For
these reasons the histograms reveal some
dispersion which is not biologically signifi-
cant but merely the result of methodologic
difficulties. The histograms show that in
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chondroblastomas,

Fig. 1. Histograms
corresponding to the six
cases of osteoclastoma
under study. The first
column shows the distri-
bution of DNA content
in lymphocytes as a ref-
erence for normal diploid
value. The second col-
umn shows results of in-
dividual measurement of
giant-cell  nuclei. The
third column shows ac-
cumulated data for fi-
broblastic and histiocytic
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F1i;. 2. Accumulated data collected from DNA-
Feulgen measurements in six cases of osteoclas-
toma.

OSTEOSARCOMA

Four different types of cell were selected
for study in osteosarcoma tumors. First, the

lymphocyte was taken as the model of a so-
matic cell as before. The giant cells were
divided into two groups, making types two
and three: those of osteoclastic aspect with
multiple regular nuclei, and atypical giant
cells with few nuclei of very irregular or
monstrous appearance. Fourth, were the
cells of the tumoral stroma. The results of
this study are shown in Figure 4.

The first group of giant cells had the dip-
loid content in each individually analyzed
nucleus. No deviation to the right was found
and therefore no evidence of cellular repro-
duction existed. However, in the second
group of giant-cells, the DNA content wam
extremely variable, generally increased over
the diploid content and with marked irreg-
ularities in its distribution.

The cells of the tumoral stroma produced
a histogram concentrated in the diploid band
but with frank deviation to right, indicating
cellular proliferation. In these cells, too, the
values of DNA were high and the irregular
distribution suggested cellular atypism.

DISCUSSION

The microspectrophotometric data, as
presented in this study, indicate the different
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behavior of the mononuclear cells of the
stroma and the muluinuclear giant cells, both
in osteoclastoma (Fig. 5) and chondroblas-
toma.

The stromul cells are mostly diploid and
their DNA distribution (asymmetry to the
right) indicates active cellular proliferation.
The giant cells in osteoclastomas and chon-
droblastomas also have nuclei with a diploid
content of DNA. The uniformity of DNA
content among the nuclei of giant cells
speaks n favor of the existence of elements
without mitotic activity. That their content
should be so exactly diploid, and so similar
to the model stroma cell, strongly suggests
that giant cells have formed by conglomer-
ation of stromal cells.

We do not deny the existence of other
nechanisms of formation of giant cells, since
nitotic division and gemmation have been

observed in tissue culture. However, it should
be emphasized that in tissue culture, cells
may exhibit peculiar behavior and that the
phenomenon known as ‘“‘gigantization” is
one such abnormal form. These methods of
forming giant cells cannot be disregarded in
tumors but the microspectrophotometric data
indicate that they are exceptional.

Our findings confirme that in osteoclas-
toma and in chondroblastoma it is only the
stromal cell that participates in active pro-
liferation and that the giant cell is a by-
product incapable of reproduction.

The analysis of the DNA content of os-
teosarcoma cells is also of interest. It was no
surprise to find dispersion of the data in the
stroma of these tumors. The giant cells fell
into two groups: those which we can call
“typical” of the osteoclastic type, and which
characteristically had nuclei with a uniform
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content of DNA; and those which were
“atypical,” with highly variable DNA con-
tent among the nuclei. It seems likely that
the giant cells with diploid nuclei are not
tumoral but result from the fusion of fibro-
blasts or histiocytes; whereas the second type
of giant cell, which has an irregularly dis-
tributed DNA content, is a characteristic
product of malignant growth.

SUMMARY

A microspectrophotometric study of DNA
content was carried out on cells from three
types of bone tumor - osteoclastoma, chon-
droblastoma, and osteosarcoma —in all of
which the formation of multinucleated giant
cells occurs. Giant cells of osteoclastic type
were present in all the tumors, with contents
of DNA which were constant, uniform and
diploid in character for each nucleus indi-
vidually considered. Since there were no nu-
cler with reduced or increased content of
DNA/, mitotic proliferation or gemmation
can be excluded. Instead, the evidence sug-
gests the formation of giant cells through a
mechanism of cellular fusion. In contrast,
the stromal cells of the osteoclastomas and
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FiG. 5. Histologic ap-
pearance of one of the
analyzed cases of osteo-
clastoma. (x220).

the chondroblastomas gave evidence of DNA
synthesis, thus proving their proliferative
capacity in both tumors. The osteosarcomas
showed a very irregular distribution of DNA|
and generally the nuclear content of DNA
exceeded the diploid DNA content.
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