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Biologic Features

Malignant fibrous histiocytoma (MFH) was first
described by O'Brien and Stout' and subsequently
characterized as a primitive, pleomorphic sarcoma

with partial fibroblastic and histiocytic differenti-
ation.2 It has become evident that MFH develops in
soft tissue in various sites of the body, including
bone.? It is the most common soft tissue sarcoma of
late adult life, and the prognosis is poor.4'5 Therefore,
an animal model of human MFH is needed for study-
ing the pathogenesis of this malignant tumor.67'

4-Hydroxyaminoquinoline 1-oxide (4-HAQO), a

strong proximate carcinogen, which is a reduction
product of the carcinogen 4-nitroquinoline 1-oxide,8
has been shown to induce subcutaneous,9 mesoder-
mal,"0 and pancreatic tumors'"2 in rats. Male Wistar
or Fischer 344 rats weighing approximately 180 g were

used. 4-HAQO, a yellow powder, was dissolved in
40%o dimethylsulfoxide (DMSO) at 2 mg/ml and in-

Table 1 - Dose-Dependent Induction of MFH by 4-HAQO in Rats

4-HAQO

Route of
administration

Subcutaneous

Periosseous

Bone marrow

Dose
(mg/rat)

0
1
4-
0
2
4
0
2
4
8

Site of
Tumor

induction

Subcutaneous
Subcutaneous
Subcutaneous

Periosseous
Periosseous

Bone
Bone
Bone

Time
killed

(weeks)

55
55

22-53
40

35-40
23-32
40

26-40
20-37
20-31

jected into the subcutaneous dorsal tissues or into the
periosseous tissue of the left tibia. Alternatively, solid
4-HAQO was inserted into the bone marrow of the
tibia as doses indicated in Table 1. The subcutaneous
and bone MFH were induced in a dose-dependent
manner by 4-HAQO. The highest incidence of tumors
was 87%7o (13/15) in rats that received repeated weekly
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Tumor
incidence

(%)

0/13 (0)
2/11 (18)

13/15 (87)
0/12 (0)
3/13 (23)
9/13 (69)
0/13 (0)
1/15 (7)

11/18 (61)t
12/14 (86)

Histologic subtypes
(metastases)

Fibrous Giant cell

0
2 (0)

11 (0)
0
3 (2)
5 (1)
0
0
8 (3)
6 (2)

0
0
1 (0)
0
0
2 (0)
0
0
2 (0)
2 (0)

* 4-HAQO at a dose of 1 mg/rat was injected once a week four times.
t One inflammatory subtype was observed.

Myxoid

0
0
1 (0)
0
0
2 (0)
0
1 (0)
0
4 (0)
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Figure 1 - Lateral X-ray demonstrating a large tumor shadow in the soft tissue of the left leg with associated bone destruction in a rat that
received a periosseous injection of 4-HAQO. Figure 2-Fibrous type of subcutaneous MFH in a rat that received a subcutaneous injection
of 4-HAQO (H&E, x 100)

injections of 1 mg of 4-HAQO/rat for 4 weeks, 69%
(9/13) in rats that received a single periosseous injec-
tion of 4 mg of 4-HAQO, and 86%o (12/14) in rats that
received intraosseous insertion of 8 mg of 4-HAQO
(Table 1).

Radiologic examination performed during the ex-

perimental period revealed that a large tumor shadow
developed in the soft tissue of the left leg in rats that
received periosseous injections of 4-HAQO (Figure 1)
and a small tumor shadow in the left tibia of rats that
received an intrabone marrow insertion of 4-HAQO.
The characteristic radiologic findings of bone MFH
were an intramedullary lytic lesion, cortical destruc-
tion, and pathologic fracture.

Grossly, the subcutaneous and periosseous tumors
were located in the tissue at the injection site. Bone
tumors were present in the tibia where 4-HAQO had
been inserted. Some large tumors had a diffuse or a

partly jellylike appearance that corresponded to
myxoid areas microscopically.

Histologic features of MFH permit differential di-

agnosis from other tumors.2'5'3'" Tumors induced by
4-HAQO were classified by light microscopy accord-
ing to the description of Weiss and Enzinger.2 The
characteristic histologic features of each subtype of
MFH are illustrated in Figures 2-4. The myxoid sub-
type stained positively with Alcian-blue but was PAS-
negative. The fibrous MFH was the most common

subtype (Figure 2), and inguinal lymph node and/or
lung metastases were seen in this type.

Five different types of cells were identified in MFH
by electron microscopy: fibroblastlike cells, histio-
cytelike cells, undifferentiated cells, xanthomatous
cells, and multinucleated giant cells. Xanthomatous
cells and multinucleated giant cells (Figure 3) ap-
peared to be derived from histiocyte-like cells. Fibro-
blast-like cells predominated in the fibrous subtype of
MFH; histiocytelike cells and undifferentiated cells
predominated in the giant cell subtype; and interme-
diate cells predominated in the myxoid subtype."5
Each subtype of MFH was transplanted serially

into the subcutaneous dorsal tissue of syngeneic rats
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Figure 3-Giant cell type of MFH in bone with multinucleated giant cells from a rat that received an intraosseous insertion of 4-HAQO (H&E.
x200) Figure4-Myxoid type of MFH in bone with a diffuse myxomatous change and bizarre tumor cells. The rat had received an
intraosseous insertion of 4-HAQO. (H&E. x200)

(Fischer 344). Transplantability exceeded 807o; dou-
bling time was 2.3-6.7 days in the fibrous subtype,
3.8-6.1 days in the giant cell subtype, and 3.0-5.7 days
in the myxoid subtype. They are now 9th, 24th, and
5th generations. The original histologic features of fi-
brous and myxoid subtypes were not changed by
serial transfer. In the giant cell subtype, the histologic
features of the original tumor were retained until the
3rd generation; however, giant cells and xanthoma
cells were no longer observed after the 4th generation,
and the tumor was composed mainly of undifferen-
tiated cells. This subtype transplanted serially is
gradually transformed with a probable selection of
stem cells and undifferentiated cells.-'

Comparison With Human Disease

MFH induced by 4-HAQO is histologically similar
to the neoplasm in humans, and its cell population
was also similar by electron microscopy. MFH in-
duced by 4-HAQO is classifiable into fibrous, giant

cell, and myxoid subtypes similar to those in humans.
Fibrous MFH showed lymphogenous and hematoge-
nous metastases, which can be frequently seen in
humans. The myxoid subtype was most frequently
seen in MFH of bone. Thus, the morphologic appear-
ance and biologic behavior of rat MFH induced by
4-HAQO are similar to those of human MFH. How-
ever, experiments for the study of the production of
MFH by other carcinogens in other animal species are

indicated, in spite of a report that is available.16

Usefulness of the Model

The present report gives information on the his-
tologic appearance of MFH induced in rats by
4-HAQO and suggests that chemical carcinogens may
be important in the development of human MFH.
Spontaneous subcutaneous tumors occur in labora-
tory animals in long-term feeding experiments, and
spontaneous MFH has been reported in rats17-'9 and
in dogs and cats.20 In this connection, histologic re-
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evaluation of spontaneous tumors in laboratory ani-
mals may be required. Induction of MFH by 4-
HAQO in rats and its transplantable lines provides
useful experimental models for studying the histo-
genesis of MFH, the characteristic growth behavior,
and effectiveness of chemotherapeutic agents on this
malignant neoplasm.
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