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Summary We isolated six clones of weakly tumorigenic fibrosarcoma (QR) from the tumorigenic clone BMT-11 cl-9. The QR clones were
unable to grow in normal C57BL/6 mice when injected s.c. (1 × 105 cells). However, they formed aggressive tumours upon co-implantation with
a ‘foreign body’, i.e. a gelatin sponge, and the rate of tumour take ranged from 8% to 58% among QR clones. The enhanced tumorigenicity was
due to host cell-mediated reaction to the gelatin sponge (inflammation). Immunoblot analysis and enzyme activity assay revealed a significant
inverse correlation between the frequencies of tumour formation by QR clones and the levels of manganese superoxide dismutase (Mn-SOD,
P<0.005) and glutathione peroxidase (GPχ, P<0.01) in the respective tumour clones. Electron spin resonance (ESR) revealed that superoxide-
scavenging ability of cell lysates of the QR clone with high level of Mn-SOD was significantly higher than that with low level of the antioxidative
enzyme in the presence of potassium cyanide, an inhibitor for copper–zinc superoxide dismutase (CuZn-SOD) (P<0.001). Minisatellite
mutation (MSM) induced by the inflammatory cells in tumour cells were investigated by DNA fingerprint analysis after QR clones had been co-
cultured with gelatin-sponge-reactive cells. The MSM rate was significantly higher in the subclones with low levels of Mn-SOD and GPχ
(P<0.05) than in the subclones with high levels of both enzymes. The MSM of the subclones with low levels of both enzymes was inhibited in
the presence of mannitol, a hydroxyl radical scavenger. The content of 8-hydroxydeoxyguanosine (8-OHdG) by which the cellular DNA damage
caused by active oxygen species can be assessed was significantly low in the tumours arising from the QR clone with high levels of Mn-SOD
and GPχ even if the clone had been co-implanted with gelatin sponge, compared with the arising tumour from the QR clone with low levels of
those antioxidative enzymes (P<0.001). In contrast, CuZn-SOD and catalase levels in the six QR clones did not have any correlation with
tumour progression parameters. These results suggest that tumour progression is accelerated by inflammation-induced active oxygen species
particularly accompanied with declined levels of intracellular antioxidative enzymes in tumour cells.
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Table 1 Growth of QR regressor clones in syngeneic C57BL/6 mice after
co-implantation with gelatin sponge

No. of mice with tumours/
no. of mice injected (%) Average

QR latency
clones Gelatin sponge implantationa period

(days)
Yes No

QR-32 18/31c (58) 0/13 (0) 11.1±2.0
QR-18 8/22d (36) 0/10 (0) 11.9±2.7
QR-20 7/23d (30) 0/11 (0) 11.6±2.8
QR-12 5/22e (23) 0/8 (0) 12.2±3.2
QR-19 4/21e (19) 0/10 (0) 14.5±3.3
QR-29 2/25e (8) 0/13 (0) 12.0±2.8
Noneb 0/20 (0) – –

aCells of QR clone (1 × 105) were s.c. co-implanted with gelatin sponge; bMice
were inserted s.c. with gelatin sponge alone and examined for 12 months, but
no tumours were observed. In contrast, all tumours arose within 20 days after
QR clone s.c. co-implanted with gelatin sponge; cP<0.005; dP<0.05 vs
animals injected with original QR clone cells alone; e, not significant. A
summary of three separate experiments.
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Table 2 Acquisition of malignant properties of tumour lines (QRsP) derived from 

Subcutaneous injections

Cellsa No. of mice with tumours/ No. of mice
no. of mice injected metastasis

mice inject

QR-32 0/13 1/11
QR32sP-1 2/5b 8/8f

QR32sP-2 5/5c 8/8f

QR32sP-3 3/5d 8/8f

QR32sP-4 5/5c 6/7g

QR-18 0/10 0/6
QR18sP-1 5/5c 5/5f

QR18sP-2 4/5c 3/5h

QR18sP-3 2/5b 5/5f

QR-20 0/11 0/6
QR20sP-1 1/5b 4/5g

QR20sP-2 5/5c 4/5g

QR20sP-3 5/5c 4/4g

QR-12 0/8 0/5
QR12sP-1 4/5d 4/5g

QR12sP-2 4/5d 4/4g

QR-29 0/13 0/7
QR29sP-1 3/5d 4/5g

QR29sP-2 0/5b 2/5i

aEach regressor clone cell was co-implanted s.c. with gelatin sponges (1 × 105 cel
tumours which had arisen in each mouse; normal mice were injected s.c. with 2 ×
bnot significant; cP<0.01; dP<0.05 vs original QR clone cells. In a separate experim
days later, the mice were sacrificed and the metastatic nodules on the lung surfac
gP<0.01; hP<0.05; inot significant vs original QR clone cells; jeach value represents
experiments.
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QR clones co-implanted with gelatin sponge

Intravenous injectionse

 with lung No. of colonies per
/no. of mouse lungj

ed

0,0,0,0,0,0,0,0,0,0,2
20,32,34,77,85,88,115,164
>150,>150,>150,>150,>150,>150,>150,>150
>150,>150,>150,>150,>150,>150,>150,>150
0,10,27,29,62,69,77
0,0,0,0,0,0
10,10,13,26,26
0,0,3,6,19
7,9,22,25,30
0,0,0,0,0,0
0,10,13,14,49
0,1,1,15,18
5,8,23,40
0,0,0,0,0
0,3,4,16,48
3,5,40,45
0,0,0,0,0,0,0
0,3,13,14,23
0,0,0,2,2

ls per sponge); culture cell lines (QRsP) were separately established from
105 cells from either progressor tumour cells or the original QR clone cells;
ent, mice were i.v. injected with 1 × 106 of each type of the cells. eNineteen

e were counted macroscopically. The incidences of lung metastasis: fP<0.001;
 the number of colonies per mouse lung. A summary of two to three separate
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Figure 1 Inverse correlation between the contents of manganese superoxide dismutase or glutathione peroxidase and the progression frequency of QR
clones. Cell protein/slot (10 µg) was analysed with the use of the antibodies specific to Mn-SOD, CuZn-SOD and GPx respectively. Antibody-specific proteins
were visualized by the enhanced chemiluminescence detection (ECL) system and the individual bands were semiquantified by densitometer. Equivalance of the
loading protein was confirmed by staining the membrane with 0.1% Coomassie brilliant blue solution. Data indicates representative results of at least three
experiments with similar results. The frequencies of progression (%) of QR clones represented by abscissa corresponding to the percentage of the
tumorigenicity of each QR clone after co-implantation with gelatin sponge in Table 1. llll , QR-32; I, QR-18; uu, QR-20; nn, QR-12; ss, QR-19 and ll, QR-29
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Table 3 Activities of manganese, copper and zinc superoxide dismutase, catalase and glutathione peroxidase in QR clones

Antioxidative enzyme activities mg–1 protein
Tumorigenicitya

QR clones Mn-SOD CuZn-SOD GPx Catalase (rate of
(U) (U) (mU) (U) tumour take, %)

QR-32 6.1±0.7* 33.7±1.0* 119.2±1.2* 22.3±0.6** 58
QR-29 12.6±0.2* 52.2±1.7* 191.1±3.7* 23.1±1.1** 8

aP<0.001; bnot significant. Statistical difference of each antioxidative enzyme activity was calculated between QR-32 and QR-29 cells. The tumorigenicity of the
QR clones promoted by the co-implantation with gelatin sponge was indicated. See Table 1.

Figure 2 ESR spectra of DMPO-OOH spin adducts formed in both HPX-
XOD system plus DMPO and the cell lysate from either QR-32 or QR-29
cells. Typical ESR spectra were recorded with the spin trap DMPO on 10 µg
of the protein obtained from QR-32 or QR-29 cells with or without adding
potassium cyanide (1 mM). A: (a) PBS control; (b) PBS plus potassium
cyanide; (c) PBS plus SOD (40 U ml–1); (d) QR-32; (e) QR-32 plus potassium
cyanide; (f) QR-29; (g) QR-29 plus potassium cyanide. B: Reduction in
superoxide (O2

–) formation after addition of QR-29 cell lysates. Values were
expressed as percentage of ESR signals of PBS control with or without
potassium cyanide and represent the means ± s.d. All measurements were in
triplicate and were reproduced at least three times. *P<0.05; **P<0.001
compared with respective QR-32 cells
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Table 4 Minisatellite mutations (MSMs) induced in QR clones after
co-culture with gelatin-sponge-reactive cells

Sponge- In the No. of subclones with
QR clones reactive presence of MSMs/subclones

cells mannitol examined (%)

QR-32 No No 0/22 (0)
QR-32 Yes No 5/23 (22)a

QR-32 Yes Yes 1/22 (7)b

QR-29 No No 0/20 (0)
QR-29 Yes No 1/14 (7)b

QR-29 Yes Yes 2/21 (12)b

Each type of cell (1 × 104 QR-32 or QR-29 cells, and 1 × 106 gelatin-sponge-
reactive cells) were co-cultured in 24-well plastic plates in 2 ml of MEM
medium with or without mannitol (5 × 10–2 M) for 48 h. aP<0.05; bnot significant
vs MSM observed in original QR clone without adding sponge-reactive cells
and mannitol.

A B

kb 2 3  7541 6 8 9 10 2 3  7541 6 8 9 10

6.6 6.6

4.4 4.4

kb

Figure 3 MSMs induced in QR-32 and QR-29 cells after co-culture with
gelatin-sponge-reactive cells as detected by DNA fingerprinting. QR cells
(1 × 104) were co-cultured with 1 × 106 gelatin-sponge-reactive cells for 48 h.
The tumour cells were recloned and the individual subclones were examined
for DNA fingerprinting. (A) Subclones obtained from QR-32 cells after
co-culture with gelatin-sponge-reactive cells. (B) Subclones obtained from
QR-29 cells after co-culture with gelatin-sponge-reactive cells. Lanes 1–10
indicate DNA fingerprints of individual subclones derived from QR-32 (A) or
QR-29 (B) after co-culture with gelatin-sponge-reactive cells
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Figure 4 8-OHdG levels in tumour tissues obtained from QR32sP or
QR29sP tumours. One × 105 or QR-32 or QR-29 cells, respectively, were co-
implanted with a gelatin sponge in C57BL/6 mice. Twenty-one days later, the
arising tumours were removed and the DNA was isolated from individual
tumour tissues and the 8-OHdG levels were measured. Each value
represents the average from four QR32sP tumours or three QR29sP tumours
± s.d. *P<0.001 compared with QR32sP tumours
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