410

Acta Orthop Scand 1991;62 (5): 410-414

Heterogeneity of xenografted osteosarcoma
A human sarcoma transplanted into nude mice

Emilio Delgado-Baeza, Celia Miralles-Flores and Imelda Gonzalez-Medievo

Human osteoblastic osteosarcoma transplanted into
nude mice developed two different subtypes of non-
osteogenic sarcoma: one solid and the other cystic.

This could reflect the heterogeneity of osteoblastic
osteosarcoma; various tumor regions have different
characteristics.
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In recent years, the biological characteristics of human
osteosarcoma have been the subject of various studies
(Amitami and Nakata 1977, Mii et al. 1988), and the
histologic characteristics of the osteosarcoma have
been used for prognostic purposes (Scranton et al.
1975).

Xenografts of osteosarcoma in nude mice have been
studied by many authors (Brosjo et al. 1985, Bauer
1986, Brosjo 1989). The transplanted tumor is usually
identical with the original tumor (Povisen et al. 1975),
but instability in xenotransplanted human tumors has
been reported (Donhuijsen et al. 1988). We have stud-
ied the instability of xenotransplanted osteosarcoma in
nude mice.

Material and methods

Original human tumor

An osteolytic process in the proximal femur was found
in a 10-year-old boy. During the biopsy and before
chemotherapy was administered (no chemotherapy or
radiotherapy had been given previously), five sections
of nonnecrotic tumor tissue were kept cold in sterile
saline until implantation into nude mice, which took
place shortly after biopsy. The tissue was taken from
the periphery of the tumor, which contained the high-
est proportion of proliferating cells.

Histology of primary human tumor

The original tumor was characterized by a high cellu-
larity with large amounts of woven bone and osteoid

produced by the anaplastic stroma cells, both of which
are considered main characteristics of the histologic
subtype of osteoblastic osteosarcoma (Figure 1). The
tumor cells were pleomorphic with nuclear polymor-
phism, and prominent nucleoli were also found. The
tumor was vascularized, but no telangiectatic or cyst
formations were found. The tumor was considered a
histologic subtype of osteoblastic osteosarcoma,
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Figure 1. Original osteoblastic osteosarcoma with
presence of osteoid without osteoblast rimming
and stroma cells with anaplasia (H&E, x200).
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Animals and tumor transplantation

Five fresh nonnecrotic human tumor fragments of 2-3
mm in diameter obtained from the biopsy were
implanted subcutaneously in both flanks of five 8 to
10-week-old male athymic (nu/nu) mice obtained from
IFFA-CREDO (Lyon, France).

Tumor-bearing animals were killed at 8 weeks,
when the tumors reached a volume of around 3 cm?.
At autopsy, one tumor piece was removed for histo-
logic study and another sample of fresh tumor tissue
was cut into pieces measuring 2 mm in diameter and
were used for the inoculation of new nude mice. Alto-
gether, 28 animals were used.

Tumor size in mice was assessed every week using
a slide caliper (Ziiricher Modell, Dentarium 042-751).
The tumor volume was estimated from perpendicular
tumor measurements using the formula for an ellipsoid
T x axbxc/6, where a, b, and ¢ represent the diame-
ters in three planes, respectively.

Growth rate was expressed by the volume doubling
time, calculated as log. 2 x (Tt-To)/log. Vt-log. Vo,
where Vo and To are the volume and time when a
measurable tumor was found, and Vt and Tt represent
the value when the nude mice were killed (Bauer et al.
1986).

Histologic study of transplanted tumors

The gross morphology of the mass tumor of all the
animals was examined. The tumors were fixed in 10
percent buffered formalin and embedded in paraffin.
Sections 5 microns thick were cut and stained with
hematoxylin and eosin (H&E) and Masson’s tri-
chrome.

The number of mitoses of each case was also mea-
sured using routinely H&E-stained sections from the
same block. Ten high-power (x40) fields were exam-
ined for each case, and the mean number of mitoses
per high-power field was calculated.

Ag NOR staining technique

The nucleolar organizer regions (NOR) of the nucleoli
of cells were demonstrated by means of an argyrophil
technique (Ag NOR).

The same specimen from processed blocks of paraf-
fin for histologic studies was cut at 4 microns. These
sections were dewaxed in xylene, dehydrated through
decrescent ethanols to deionized water, and then sub-
mitted to the Ag NOR method as described by Crocker
and Nar (1987) and Crocker et al. (1989). Briefly, the
incubation medium was prepared by dissolving 2 g/dL.

Figure 2. Nude mice with a xenotransplanted osteogenic sar-
coma.

of gelatin in | g/dL of aqueous formic acid. This was
mixed in a ratio of 1:2 volumes with 50 g/dL. aqueous
(distilled, deionized) silver nitrate solution. The result-
ing mixture was poured over the sections and incu-
bated for 30 min at room temperature in the dark.
After this, the mixture was washed off with deionized
water, the sections were immersed in xylene, and then
mounted on a synthetic medium (DPX). No counter-
stain was used.

In each case the Ag NOR “dots” in 100 randomly
selected nuclei were counted using a x100 oil immer-
sion lens. Careful focusing allowed us to view the Ag
NOR as black “dots” of varying sizes: large, medium,
and small, both in groups and single.

Results

Original tumor

Three out of five transplanted tumors proved positive
in the nude mice transfer (Figure 2). A firm tumor was
found in 2 mice and a cystic tumor was found in 1. No
local invasion or metastasis was found.

Transplanted tumor

Xenografts mice. The firm tumor was serially trans-
planted into 16 nude mice in four passages. The cystic
tumor was serially transplanted into 7 nude mice in
three passages.

Growth rate. Both tumors grew exponentially in
nude mice (Figure 3). The growth rate of the firm
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Figure 3. The growth curves from firm tumor (n 15) and cystic
tumor {n 3) in ali the passages in nude mice. Each line
represents the mean value of all the tumors.

tumor (n 15) in all the passages, expressed as the vol-
ume doubling time, ranged from 5 to 31 days. The
mean volume doubling time of the firm tumor was 12
days. The growth rate of the cystic tumor (n 3) ranged
from 12 days to 33 days. The mean volume doubling
time of the cystic tumor was 19 days.

Histology

Firm tumor. The gross morphology in all of them
exhibited a lobulated tumor with a pseudocapsule. The
tumor was firm and whitish (Figure 4A). The histo-
logic studies showed fields with spindle-cell patterns,

Table 1. Histologic characteristics of the xenografted tumors

Firm tumor

Cystic tumor

Number of mitoses 12.9 6.1
AgNORa 1.6 0.6
AgNORP

Large 30 30

Medium 50 58

Small 20 12

Grouped 18 31

Single 82 69

aMean valus per cell.
bMean value per 100 cells.

with cell anaplasia and absence of osseous production
by the tumor cells (Figure 5A). The mean number of
mitoses was 12.9 by HPF (x40; Table 1).

AgNOR analysis. In all the specimens, clearly
defined, silver-stained “dots” were observed in 92 per-
cent of all the nuclei. The pooled mean AgNOR num-
bers per nucleus was 1.62 (Table 1).

Local invasion and metastatic tumors were not
found in autopsies of nude mice.

No histologic or microscopic changes were noticed
in this tumor while it was still growing in the nude
mice.

Cystic tumor. The gross morphology of all of them
showed a brown multilobulated mass with a pseudo-
capsule. The tumor was soft, hemorrhagic, and cyst-

passage 2. Bar = 1 cm.

Figure 4. Cross appearance of
xenotransplanted osteosarcoma,
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Figure 5. Xenotransplanted
osteosarcoma, passage 2.

A. Solid tumor showing spindle
cells with the nuclei very closely
packed. No osteoid tissue was
observed (H&E, x150).

B. Cystic tumor with prolifera-
tion of ominous cells in the stro-
ma surrounding the cyst-like
vascular spaces. No masses or
streamers of osteoid were ob-
served on the walls of the cyst
(H&E, =35).

like in appearance (Figure 4B). The histologic studies
showed large cystic spaces, some of which contained
red bload cells (Figure 5B). Surrounding the cystic
spaces, spindle cells were observed without any evi-
dence of osseous production by the tumor cells. The
mean number of mitoses was 6.1 by HPF (x40).

AgNOR analysis. In all the specimens, clearly
defined silver-stained “dots” were observed in 66 per-
cent of all the nuclei. The pooled mean AgNOR num-
ber per nucleus was 0.68 (Table 1).

Local invasion and metastatic fumors were not
found in the autopsies.

No histologic or macroscopic changes have been
noticed in this tumor. This tumor was lost due to the
animal’s death.

Discussion

Osteoblastic osteosarcoma xenografted into athymic
mice developed two different morphologic subtypes:
one being a firm tumor and the other a cystic tumor.
Apart from the macroscopic changes that have been
mentioned above, we observed in both the macro-
scopic and the histologic study of the xenografted
tumors the disappearance of the osteogenic foci that
had existed in the original tumor. Similar changes
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have been described by Llombart-Bosh et al. (1988).
This histologic instability could be related to cell dif-
ferentiation (Donhuijsen et al. 1988).

Different subpopulations of clonal tumor cells have
been distinguished in the osteosarcoma (Chigira and
Watanabe 1988, Kubo et al. 1988, Schmidt et al. 1988,
Tanooka 1988, Dedhar et al. 1989, Randall et al.
1989). The biological events of tumor progression rep-
resent the results of a sequential selection of variant
subpopulations within its clone, and this is probably
due to genetic instability within the tumor cell popula-
tion (Nowell 1986).

Our results document the gross morphologic and
cellular instability of xenotransplanted osteosarcoma.
Tumor heterogeneity might justify a possible failure of
systemic clinical or experimental therapy against this
type of cancer (Heppner and Miller 1989).
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