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Summary. A transplantable mouse leukemia model, the 
leukemia cell of  which has a marker chromosome and 
the XX genome type which differ obviously from their 
male host cells provides a possibility to precisely identi- 
fy the leukemia cells among their male host cells cy- 
togenetically. A sister chromatid exchange (SCE) plus 
chromosomal C-banding technique that we report here 
is very useful. The SCE frequencies in vivo of  both leu- 
kemia cells and host cells were twice as high as the nor- 
mal mouse cells. The higher SCE frequencies o f  the host 
cells in the leukemia mice may be due to some toxicities 
from the leukemia cells or some biological large mol- 
ecule exchanges between the leukemia cells and the 
host cells. There was no significant difference in SCE 
frequencies between cells from the spleen and from the 
bone marrow of  the leukemia mice. The percentages of  
leukemia cells in both spleen and bone marrow were 
more than 90% when the mice had been injected with 
the leukemia cells for five days. The host cells in the leu- 
kemia mice did not become leukemia cells. The 5FU- 
treated leukemia mice survived very well for more than 
twenty-three days. After the 5FU-treatments, most of  
the leukemia cells died, subsequently, SCE frequencies 
decreased to a normal  level. Both the number  of  Ag- 
NORs per cell and the number  o f  chromosomes bearing 
Ag-NORs per cell in the leukemia mice decreased to 
60% and 40%, respectively, of  the level found in normal 
mouse cells. 
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Introduction 

It has been suggested that sister chromatid exchange 
(SCE) may be involved in DNA repair processes (Latt 

et al. 1975; Kato 1975; Solomon et al. 1975). SCE fre- 
quency could indicate diminished DNA repair capabili- 
ties. This technique is more sensitive than measurement  
of  chromosome aberrations in detecting DNA damage 
induced by a wide variety of  chemical compounds  (Per- 
ry et al. 1975). 

Since culture medium components, when exposed to fluo- 
rescent light, produce photo-products which may induce SCE 
(Monticone et al. 1979) and as the sera in the medium may also 
induce SCE (Kato et al. 1976), in vivo SCE analysis is prefer- 
able. In addition, in vivo SCE analysis accounts for host me- 
diation of the drug and thereby affords several advantages for 
mutagenesis trials. Multiple tissue analysis permits assessment 
of a tissue-specific level of risk for genetic damage. Physiologi- 
cal factors that might influence the distribution of genetically 
active substances among different tissues include DNA-repair 
capabilities and metabolic reactivity. The in vivo SCE analysis 
is complementary to in vitro trials and often provides informa- 
tion which is otherwise unobtainable. For example, in contrast 
to findings in vitro, the intercalating substances proflavine, 
methylene blue and chlorpromazine did not induce SCE in 
vivo (Speit 1982). It is clear that the use of intact animals pro- 
vides a highly relevant test system which takes into account 
host metabolism and possible activation of the drugs, es- 
pecially for detecting mutagenic carcinogens and for investigat- 
ing neoplasia after therapeutic drug administration, or certain 
hereditary diseases that predispose to neoplasia. 

In situ DNA/RNA hybridization studies (Hsu et al. 1975; 
Gall et al. 1969) have shown that silver-stained nucleolar or- 
ganizer regions (Ag-NORs) are believed to be the sites of genes 
coding for 18s and 28s rRNA on chromosomes. The Ag-NORs 
number could be used to test the NORs activity (Goodpasture 
et al. 1975; Jhanwar et al. 1981). It is therefore of interest to in- 
vestigate the NORs activity in cancer cells growing in their 
host. 

In the present paper we report a transplantable 
mouse leukemia model in which all the leukemia cells 
belong to the XX genome type with a marker chromo- 
some which differs from their male host cells. This mod- 
el provides a possibility to investigate both leukemia 
cells and host cells cytogenetically. The SCE frequencies 
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in vivo during 5FU-treatments,  using SCE plus the 
chromosomal C-banding technique, and the NORs ac- 
tivity of the leukemia cells, are reported here. 

Material and methods 

Leukemia cell proliferation 

The leukemia model was provided by the Institute of Materia 
Medica, Chinese Academy of Medical Sciences. The leukemia 
cells could proliferate in syngenetic inbred mouse strain 
no. 615 by the injection of a spleen cell suspension of the leu- 
kemia mice. All mice die of leukemia approximatively six days 
after injection of the leukemia cells. In the present experiment 
only male mice were used for the leukemia cell proliferation 
except for the female groups (see Table 1). Briefly, the spleen 
of the leukemia mice was removed on the fifth day after in- 
jection of the leukemia cells ond one-third of it was suspended 
in 10 ml of PBS. About 0.2 ml of the cell suspension were in- 
jected into the peritoneal cavity of healthy male mice. For the 
female groups, 0.2 ml of the cell suspension from male leu- 
kemia mice were injected into healthy female mice in- 
traperitoneally. On the third and fifth day after injection, most 
of the leukemia mice were killed (spinal dislocation) for chro- 
mosomal analysis. At least 5 mice were used from each group. 

A nticancer drug treatments 

5FU (Shanghai, China) dissolved in PBS to a final concentra- 
tion of 2 mg/ml was injected intraperitoneally into the mice 
with a dosage of 30 mg 5FU/kg of body weight soon after the 
injection of the leukemia cells. The mice were repeatedly 
injected with the 5FU solution in the same dosage for seven 
days (once a day). If the mice had been kept alive for another 
sixteen days, they were sacrificed for chromosome preparation; 
some mice were killed on the fifth day after 5FU-injection for 
chromosome analysis. 

Chromosomal analysis 

For the chromosome preparation each of the mice was injected 
intraperitoneally with 2 ,ug colcemide. Three hours later the 
bone marrow and spleen cells were suspended in PBS and in- 
cubated in a 0.075 M KCI solution at room temperature for 
20 min. Finally, the cells were treated 3 times in 3 : 1 methanol/ 
glacial acetic acid. The chromosome preparation was per- 
formed according to the air-dry method. 

Chromosomal G- and C-banding were carried out accord- 
ing to the method described in our previous paper (Yan Yong- 
shan et al. 1987). 

Silver-staining was performed as described in a previous 
report (Yah Yongshan et al. 1985). 

Treatments for SCE in vivo anal),sis 

Each of the mice was injected with 9 mg BrdU (Sigma) in- 
traperitoneally every 2 h for 25 h. Colcemide was injected three 
hours before the mice were killed. The bone marrow cells and 
spleen cells were suspended in PBS, incubated in 0.075 M KCI 
solution and fixed in the 3 : 1 fixative solution for the chromo- 
some preparation. The procedure was performed under a 
safelight before cell fixation. 

The SCE treatments and analysis were carried out as de- 
scribed by Yan Yongshan et al. 1987. Since all leukemia cells 
belong to the XX genome type, i.e., each cell contains the two 
smallest chromosomes (no. 19) and the male host cell contains 
the three smallest chromosomes (two chromosomes no. 19 and 

the Y chromosome), the SCE frequencies of the leukemia cells 
and the host cells were scored, respectively. 

To test our observation, some SCE slides were photo- 
graphed under the microscope and then underwent the chro- 
mosomal C-banding treatment. 

Results 

Cytogenetic characterization o f  the leukem& cells 

As shown in Table 1, in both the bone marrow and 
spleen of the male leukemia mice which had been in- 
jected with the leukemia cells for five days more than 
90% of the cells belonged to the XX genome type and 
less than 10% were the male host cells. In the bone mar- 
row of the male leukemia mice which had been injected 
with the leukemia cells for three days, however, only 
16% were female cells while the remaining 84% were 
male host cells. The percentage of female cells in their 
male host increased with time after leukemia cell in- 
jection. In the female groups there were no male cells 
except one among two hundred cells examined. As 
mentioned above, the leukemia mice die of the leu- 
kemia by the sixth day after leukemia cell injection. On 
the fifth day after the injection the weight of a spleen of 
the leukemia mice was about 0.36 g, but it was 0.033 g 
for a normal spleen of the mice, i.e., ten times higher 
than the latter (Fig. 3). It is clear that the female cells in 
the male host leukemia mice should be leukemia cells. 

Chromosomal C-banding analysis indicated that all 
leukemia cells had a marker chromosome, i.e,, on the 
long arm end of one of the chromosome no. 19 there 
was a dark stained C-banding. The marker chromosome 
was named the Bj chromosome. In addition, one of 
chromosome no. 4 of the leukemia cells had a large sec- 
ondary constriction (Fig. 1). 

There was no aberration in the chromosomal 
G-banding  pattern of the leukemia cells except that at 
the long arm end of the Bj chromosome there was a 
clear dark G-banding  (Fig. 2). 

Fig. 1. Chromosome C-banding of the leukemia cells. Arrow 
indicates the Bj chromosome 
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Item Time after Tissue Sex of No. and % 
leukemia cell type animals 
injection Total 
(days) 

of the cells 

Host cells 
(XY genome 
type) 

Leukemia cells (XX genome type) 

With Bj Without Bj 
chromosome chromosome 

No. % No. % No. % 

Leukemia mice 5 Bone Male 52 
marrow Male 56 

Average 108 

Leukemia mice 3 Bone Male 50 
marrow 

Leukemia mice 5 Spleen Male 109 
Male 54 
Average 163 

Female 104 
Female 104 
Average 208 

Male 46 

Leukemia mice 5 Spleen 

5FU-treated 5 Bone 
leukemia mice marrow 

4 7.7 48 92.3 0 0 
6 10.7 50 89.3 0 0 

10 9.2 98 90.8 0 0 

42 84.0 8 16.0 0 0 

7 6.4 102 93.1 0' 0 
8 14.8 46 85.2 0 0 

15 9.2 148 90.8 0 0 

1 0.9 97 93.3 6 5.8 
0 0 104 100 0 0 
1 0.5 201 96.7 6 2.9 

46 100 0 0 0 0 

Fig. 2. Chromosome G-banding of the leukemia cells. Arrows 
indicate the Bj chromosome (bottom) and chromosome no. 19 

Fig. 3. Comparison of spleen size among leukemia mice (left), 
normal mice (middle) and 5FU-treated leukemia mice which 
had lived for 23 days (right) 

Table  2. Comparison of SCE frequencies in vivo between leu- 
kemia mice and normal mice 

Item Tissue No. of No. of SCE/cell 
examined groups cells (X • SE) 

Normal mice Bone 
marrow 

Leukemia mice Bone 
marrow 

Leukemia mice Spleen 

Leukemia mice Bone 
treated with marrow 
5FU 

1 54 3.65 + 0.22 
2 42 3.74 + 0.26 
Average 96 3.70 + 0.24 

3 78 8.39_+0.32 
4 42 7.74-1-0.30 
Average 120 8.07_+ 0.31 

5 61 9.28+0.43 
6 63 8.21+0.36 
7 52 8.50_+0.39 
Average 176 8.66+0.39 

8 53 4.40+0.31 

a All leukemia mice had been injected with the leukemia cells 
for five days 

A naIA,sis of SCEfrequencies in vivo 

As shown in Figs. 4-5 ,  very clear SCE patterns were ob- 
tained under our experimental  conditions. It can be 
shown in Table 2 that the SCE frequencies in vivo in the 

bone marrow and spleen were 8.07_+0.31 and 
8.66_+ 0.39, respectively. There was no significant differ- 
ence in SCE frequencies between the bone marrow and 
spleen in the leukemia mice ( P >  0.05). However,  in the 
bone marrow of the normal  mice it was 3.70_+0.24. It 

was obvious that the SCE frequencies in vivo o f  the leu- 
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Fig. 4. SCE patterns of host cells in the leukemia mice with 5FU-treatment (right) and without 5FU-treatment (left). Arrows indi- 
cate the three smallest chromosomes 

Fig. 5. SCE and C-banding patterns of the leukemia cell. Arrows indicate the Bj chromosome and chromosome no. 19 

1  [11 
Treatments 

mLeukemia cells ~-]Normal host cells 

Fig. 6. Proportion of leukemia cells and their host cells in leu- 
kemia mice five days after leukemia cell injection: 1 spleen 
cells; 2 bone marrow cells; 3 bone marrow cells of leukemia 
mice treated with 5FU for five days; 4 bone marrow ceils of  
5FU-treated leukemia mice which had lived 23 days 

Table 3. SCE frequencies in vivo of leukemia cells and normal 
host cells of same leukemia mice 

Cell type Tissue No. of SCE/cell P 
examined cells (X • SE) 

Host cells Bone 31 8.81 • 0.52 
(XY genome marrow 
type) 

Leukemia cells Bone 
(XX genome marrow 
type) 

47 8.10 • 0.46 
> 0.05 
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Fig. 7. Ag-NORs distribution of leukemia cells 

kemia  mice were significantly higher  than those found 
in the normal  mice ( P <  0.001). 

Our  SCE plus chromosomal  C-banding  technique 
evidenced that the cells which contained only two of  the 
smallest chromosomes were the leukemia cells (Fig. 5). 

We also can observe in Table 3 that  in the same leu- 
kemia  mice, the SCE frequency of  the leukemia  cells 
was 8.10+0.46 while that of  the normal  host cells was 
8.81 _+ 0.52. There was no significant difference between 
them ( P >  0.05). 

The SCE frequency of  the 5FU-trea ted  leukemia 
mice reduced to 4.40+0.31 (Table 2). That did  not sig- 
nificantly differ from that o f  the normal  mice (P > 0.05). 
The SCE patterns o f  the host cells in the leukemia  mice 
with and without  the 5FU-trea tments  are shown in 
Fig. 4. 

N O R s  activity o f  leukemia cells and normal mouse cells 

The Ag-NORs number  per  leukemia  cell was 2,96_+0.16 
in which about  60% of  the Ag-NORs were located on 
one of  chromosome no. 4. This chromosome bore 2 Ag- 
NORs but  often bore three Ag-NORs,  one of  which was 
located on it 's centromere and another  two on the large 
secondary constriction (Fig. 7). The number  of  the chro- 
mosomes bear ing Ag-NORs per  leukemia cell was 
1.83 + 0.11. However,  the number  o f  Ag-NORs per  cell 
and the number  of  chromosomes bear ing Ag-NORs  per  
cell for the normal  mouse cells were 4.93+0.35 and 
4,13_+ 0.29, respectively: both were higher than the leu- 
kemia  mice ( P <  0.001). 

Discussion 

SCE frequencies in different types of neoplasias have been ob- 
served. SCE frequencies prior to therapy are slightly elevated 
in patients with lymphoma (Otter et al. 1979) and depressed in 

patients with acute myelogenous leukemia (Abe et al. 1979). 
When patients go into remission SCE frequencies in both in- 
stances return to normal levels. However, generally speaking, 
the tumor cells had to be cultured in the presence of BrdU in 
vitro. It has been indicated that SCE frequencies in vivo could 
quite different from SCE frequencies found in vitro (Speit 
1982; Monticone etal. 1979; Kato etal. 1976; Ghosh etal. 
1979). If the tumor cells have no obvious marker in their SCE 
patterns, it is impossible to identify them once among the host 
cells. Since the leukemia cell in our model has only two of the 
smallest chromosomes and the host cell three, it is easy to iden- 
tify the leukemia cells among their host cells. Our results have 
been confirmed by observations of the SCE plus chromosomal 
C-banding. 

Our  results indicate that in vivo SCE frequencies of  
leukemia mice were twice as high as those of  the normal  
mice: this differs from the pat ients  with acute myelo-  
genous leukema (Abe et al. 1979) and in patients with 
lymphoma (Otter  et al. 1979). 

It is of  interest that there was no significant differ- 
ence in the SCE frequencies in vivo between the leu- 
kemia cells and the host cells in the leukemia  mice. 
Since in the female leukemia mouse groups it is ex- 
t remely difficult to find the male  cell, it is impl ied  that 
the male host cells did not  become leukemia cells. 
When the leukemia mice were treated with 5FU and 
went into remission, the SCE frequencies decreased to a 
normal  level. The chromosomal  C-banding  analysis 
showed that in the bone marrow of  the 5FU-t rea ted  leu- 
kemia mice there was only 3.6% the leukemia  cells, and 
96.4% the host cells. Why were the SCE frequencies of  
the normal  host cells in the leukemia mice twice as high 
as in the normal  mouse cells and  did they return 1o the 
normal  level after the 5FU-treatments?  One possible ex- 
p lanat ion  is that the increase in SCE frequencies o f  the 
host cells in the leukemia mice might  be due to effectors 
from the leukemia cells, e.g., some toxicities or ex- 
changes of  some large molecular  between the leukemia  
cells and the host cells. When the leukemia  cells were 
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killed by 5FU, the effective factors were so weak that 
they could not significantly increase the SCE frequen- 
cies of the host cells. Our  results agree with the SCE fre- 
quencies found in Bloom's syndrome cells where SCE 
frequencies could be reduced by cocultivation with Chi- 
nese hamster cells (Van Buul et al. 1978). Such a meta- 
bolic cooperation has been demonstrated in other 
combinat ions (Hooper etal .  1981; Gilula etal .  1972; 
Azaria et al. 1974; Yan Yongshan 1986). 

Kanda et al. (1979) reported that in vivo SCE in spleenic 
cells was higher than that found in bone marrow in normal 
mice - a result which differs from ours. This difference may be 
due to the material difference. For instance, we used leukemia 
mice in which the percentages of the leukemia cells in both 
bone marrow and spleen were more than 90%. 

Because of irregularities in nucleoli found in malignant 
cells, a study of the cytological expression of ribosomal cistrons 
would be of great interest. Trent et al. (1981) indicated a pro- 
portionate increase in the number of Ag-NORs with increasing 
number of total chromosomes and an increasing number of 
acrocentric chromosomes in human cancers. Huffell etal. 
(1977) found that despite increases in NOR-bearing chromo- 
somes, human cancer cells expressed the same number of Ag- 
NORs as diploid control cells. Miller et al. (1978) demonstrated 
that a proportionate increase in Ag-NORs was observed with 
increasing chromosome number. However, it was evidenced in 
our leukemia model that both the number of Ag-NORs per cell 
and number of the chromosomes bearing Ag-NORs per cell 
decreased significantly to 60% and 40% of the level found in 
normal mouse cells. In addition, about 60% of the Ag-NORs of 
the leukemia cells were located on one of chromosome no. 4. It 
seems that Ag-NORs distribution could be quite different for 
different malignant cells 

The mechanism for the SCE formation still remains 
to be resolved. It is clear that in the SCE patterns of the 
leukemia cells, the pale stained region at the long arm 
end of the Bj chromosome could appear a dark C-band-  
ing after subsequent chromosomal C-banding treat- 
ment. It implied that most heterochromatin in this re- 
gion of the Bj chromosome remained even though the 
differential methods involved light exposure and hot 
salt treatments. 

References 

Azarnia R, Larsen WJ, Loewenstein WR (1974) q~ne membrane 
junctions in communicating and noncommunicating cells, 
their hybrids and segregants. Proc Natl Acad Sci USA 
71 : 880-884 

Abe S, Kakati S, Sandberg AA (1979) Growth rate and sister 
chromatid exchange (SCE) incidence of bone marrow cells 
in acute myeloblastic leukemia (MML). Cancer Genet Cy- 
togenet 1:115-130 

Gilula WR, Reeves OR, Steinbach A (1972) Metabolic cou- 
pling, ionic coupling, and cell contacts. Nature 
235:262-265 

Ghosh PK, Nand R (1979) Reduced frequency of SCE in hu- 
man lymphocytes cultured with acutologous serum. Hum 
Genet 51:167-170 

Gall JG, Pardue ML (1969) Formation and detection of RNA- 
DNA hybrid molecules in cytological preparation. Proc 
Natl Acad Sci USA 63:378-383 

Goodpasture C, Bloom SE (1975) Visualization ofnucleolar or- 
ganizer regions in mammalian chromosomes using silver 
staining. Chromosoma 53:37-50 

Huffell HR, Hsu TC (1977) Identification of nucleolus organiz- 
er regions (NORs) in normal and neoplastic cells by the sil- 
ver-staining technique. Cytogenet Cell Genet 19:185-196 

Hsu TC, Spirito SE, Pardue ML (1975) Distribution of 
18s+28s ribosomal genes in mammalian genimes. 
Chromosoma 53:25-36 

Hooper S, Suback-Sharpe (1981) Metabolic cooperation be- 
tween cells. Int Rev Cytol 69:45-97 

Jhanwar SC, Prensky W, Chagnt RSK (1981) Localization and 
metabolic activity of ribosomal genes in Chinese hamster 
meiotic and mitotic chromosomes. Cytogenet Cell Genet 
30:39-46 

Kato H (1974) Induction of sister chromatid exchanges by 
chemical mutagens and its possible relevance to DNA re- 
pair. Exp Cell Res 85:239-247 

Kato H, Stitch HF (1976) Sister chromatid exchange in aging 
and repair-deficient human fibroblasts. Nature 
260:447-448 

Kanda W, Kato H (1979) In vivo SCE in cells of various organs 
of the mouse. Chromosoma 74:299-305 

Latt SA, Steten G, Juergens LA, Buchan GR, Genald PS (1975) 
Induction by alkylating agents of sister chromatid ex- 
changes and chromatid breaks in Fanconi's anemia. Proc 
Natl Acad Sci USA 72:4066-4070 

Monticone RE, Schneider EL (1979) Induction of sister chro- 
matid exchange in human cells by fluorescent light. Mutat 
Res 59:215-221 

Miller DA, Dev VG, Tantravahi CM, Miller OJ (1978) Human 
tumor and rodent-human hybrid ceils with an increased 
number of active human NORs. Cytogenet Cell Genet 
21:33-41 

Otter M, Palmer CG, Baehner RL (1979) Sister chromatid 
exchange in lymphocytes from patients with acute lym- 
phoblastic leukemia. Hum Genet 52:185-192 

Perry P, Evans HJ (1975) Cytological detection of mutagen- 
carcinogen exposure by sister chromatid exchange, Nature 
258:121-124 

Solomon E, Bobrow M (1975) Sister chromatid exchange: a 
sensitive assay of agents damaging human chromosomes. 
Mutat Res 30:273-278 

Speit G (1982) Intercalating substance do not induce SCE in 
vivo. Mutat Res 10:261-266 

Trent JM, Carlin DA, Davis JR (1981) Expression of silver- 
stained nucleolar organizer regions (Ag-NORs) in human 
cancer. Cytogenet Cell Genet 30:31-38 

Van Buul PPW (1978) Suppression of the frequencies of SCE in 
Bloom's syndrome fibroblasts by cocultivation with Chi- 
nese hamster cells. Hum Genet 44:187-189 

Yan Yongshan (1986) Influence of both coculture and BrdU 
on NOR activity of mouse, rat and human cells. Theor Appl 
Genet 72:700-705 

Yan Yongshan, Shun Ficin (1987) Sister chromatid exchange 
points in the heterchromatin and euchromatin regions of 
Chinese hedgehog chromosomes. Theor Appl Genet 
73:469-475 

Yan Yongshan, Oian Jin, Xi Xiahui (1985) Sister chromatid 
differential staining and NOR activity of BrdU-resistant 
sublines. Theor Appl Genet 70:529-535 


