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Studies of effects of anticancer agents in combination 
with/without hyperthermia on metastasized human 
bladder cancer cells in chick embryos 
using the polymerase chain reaction technique 

Abstract Cultivated T24 cells derived from a human 
bladder cancer were inoculated into the chorioallantoic 
membrane vein of chick embryos. Hyperthermic treatment 
was performed following injection of anticancer agents 
3 days after the inoculation of the T24 cells. DNA samples 
were obtained from the livers of the chick embryos, and the 
polymerase chain reaction technique was used to amplify a 
DNA fragment specific to the human [3-globin gene, The 
Southern hybridization method was used to evaluate the 
inhibitory effects of anticancer agents in combination with/ 
without hyperthermia on T24 cells metastasized to the liver. 
The hyperthermia exerted an inhibitory effect on the growth 
of the T24 cells in the livers of the chick embryos, and this 
was dependent on the thermal dose. The antitumor effects 
of hyperthermia performed at 42.5 ~ C for 20 rain and at 
43.0 ~ C for 10 rain were evidenced by 69.2% an 82.0% 
inhibition of the growth of the metastasized T24 cells, 
respectively, as compared with the growth of untreated 
T24 cell. Hyperthermia performed at 42.5 ~ C for 10 rain 
alone produced 26.7% tumor growth inhibition, and these 
conditions for hyperthermia were subsequently used as a 
criterion for evaluating the effects of its combination with 
various anticancer agents. Adriamycin (20 gg/egg) alone, 
mitomyein C (10 gg/egg) alone, carboplatin (10 ~tg/egg) 
alone, and cisplatin (10 ~tg/egg) alone produced 13.5%, 
58.9%, 27.3%, and 29.1% tumor growth inhibition, respec- 
tively. Adriamycin and mitomycin C applied in combina- 
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tion with hyperthermia showed additive inhibitory effects 
on the growth of the metastasized T24 cells in this chick 
embryo model. 
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Introduction 

In cancer treatment, it is generally accepted that the 
presence of metastases and the extent of local infiltration 
of cancer are exceedingly important factors influencing the 
prognosis of the patient. When the primary lesion is 
discovered at an early stage, local radical treatment may 
be feasible by means of surgical resection, radiotherapy, 
hyperthermia, and chemotherapy as well as combination 
therapy using two or more of these modalities. However, 
when the primary tumor has assumed a certain size, 
systemic micrometastases may be present, and these are 
usually treated with chemotherapy, immunotherapy, and 
whole-body hyperthermia. In addition, it is well recog- 
nized that there is an appreciable difference between 
metastatic and primary cancer cells in their sensitivity to 
anticancer agents. Metastatic disease is responsible for the 
majority of deaths caused by cancer. It is thought that better 
knowledge of the sensitivity of metastatic tumors to various 
anticancer agents as well as hyperthermia prior to institu- 
tion of cancer therapy would contribute greatly to enhanc- 
ing the therapeutic effects when radical treatment is 
performed. A highly quantitative method for detecting 
metastasized human cancer cells in the livers of chick 
embryos has been established using the polymerase chain 
reaction (PCR) technique [4]. 

In the present study, using the PCR technique we 
amplified a specific human tumor-cell-derived DNA se- 
quence present in embryonic chick organ metastases, 
analyzed it by Southern blotting, and evaluated whether 
the chick-embryo assay system could serve as an in 'vivo 
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Fig. 1 Schema of a fertilized egg 

primers 
Hul3-1 : 5'-AGAGCCATCTATrGCTTACA-3' 
Hul3-8 : 5'-TATGACATGAACTTAACCAT-3' 

Probe 
Hu13-2 : 5'-ACACAACTGTGTTCACTAGC-3' 

Hu~ HUB ATG ..... HU~ 
8 INTRON 1 

,d 576bp ), 

Fig. 2 DNA sequence of the human ~-globin gene. Oligonucleotide 
primers and probe for PCR 

S 85 

In experiments concerning metastases using the chick embryonic 
assay, cancer cells should be injected into the veins of the chorioal- 
lantoic membrane of eggs 10 days after fertilization. On the 3rd day 
after cell inoculation, hyperthermia is performed following the injec- 
tion of anticancer agents. After 4 additional days, namely, on the 17th 
day of embryonic life, the liver and lungs of the embryo are dissected 
and the DNA of each organ is extracted using a rapid DNA preparation 
method [2]. In this method, 1 mg DNA (as a template) is amplified by 
25 cycles of PCR, during which the double-stranded DNA is denatured, 
primers are added, and complementary strands are synthesized, result- 
ing in approximately 100,000-fold amplification of the target DNA 
fragment. The amplified DNA fragments are then analyzed by South- 
ern blotting. 

In the present study, a portion of the 13-globin gene was selected as 
the human DNA-specific target for amplification. Primers and a probe 
were prepared from the DNA sequence of this gene for PCR. Figure 2 
shows the DNA sequence of the human ~-globin (Huff) gene. For the 
metastasis experiments, Huf-1 and Huff-8, which flamk the first and 
second exons, were selected as the PCR primers�9 The length of the 
DNA fragment amplified by PCR was 576 bp. Huf-2, shown in Fig. 2, 
was labeled with 32p and used as the probe. A cultured urinary bladder- 
cancer-derived cell line, T24 (kindly supplied by Prof. V. Peter Collins, 
Sahlgrenska Hospital, Gothenburg), and KK-47 cells [8] were injected 

�9 into the veins of 10-day-fertilized embryos, and the metastasis-bearing 
organs were dissected 7 days later. 

PCR was performed on the samples after DNA extraction, and 
amplified bands were detected by autoradiography. At day 3 after 
tumor cell inoculation, hyperthermia was performed by immersing 
eggs in a circulating water bath at various temperatures and for various 
periods�9 Then, using the same techniques, experiments on the effects of 
various anticancer agents in combination with/without hyperthermia 
were performed. In all, 1 x 106 T24 tumor cells were inoculated into 
the chorioallantoic membrane veins of chick embryos, and 3 days later 
various anticancer agents were injected i.v. in combination with/ 
without hyperthermia. On the 7th day after inoculation the embryonic 
liver was dissected, the extracted DNA was amplified by PCR, and the 
presence of metastatic cells was examined. The inhibition rate was 
calculated according to the following formula: 

Inhibition rate (%) = [1 - A/B] x 100, 

where A represents the mean radioactivity of the treated group and B, 
that of the control group. 

Fig. 3 Kinetics of the growth of metastatic cells in embryonic liver 
after the injection of T24 and KK-47 cells (106 cells/embryo) 

mode l  for p re l iminary  inves t iga t ion  of  the effects of 
chemohyper the rmia  on h u m a n  tumor  metastases.  

Materials and methods 

This method using the chick embryonic assay is explained in brief. 
Figure 1 shows a schema of a fertilized egg. Lying just beneath the 
shell is the shell membrane, below which is the chorioallantoic 
membrane. This chorioallantoic membrane, which is made up of 
partially adhering chorionic epithelium and allantoic epithelium, 
extends beneath the shell membrane. Blood vessels developing 
between these membranes play an important role in the respiration 
of the embryo. 

Results 

As shown in Fig. 3, the T24 cells showed metastat ic  cell 
prol i ferat ion with t ime. In contrast,  in the case of  the KK-47  
cells, no  metastat ic  cell prol i ferat ion was found.  The  
hyper thermic  t rea tment  showed an inhibi tory  effect on the 
growth of the T24 cells in  the livers of  the chick embryos ,  
and this was dependen t  on the thermal  dose as shown in 
Fig. 4. The an t i tumor  effects of  hyper thermia  per formed at 
42.5 ~ C for 20 min  and at 43.0 ~ C for 10 min  were 
ev idenced  by  69.2% and 82.0% inhib i t ion  of  the growth 
of  the metastas ized T24 cells, respectively,  as compared  
with the growth of  the untreated T24 cells. Hyper thermia  
per formed at 42.5 ~ C for 10 rain a lone  produced 26.7% 
tumor  growth inhibi t ion,  and  condi t ions  for hyper thermia  
were subsequent ly  used as the cri ter ion for eva lua t ing  the 
effects of  combina t ion  with var ious ant icancer  agents  
(Table 1). 

The results of  exper iments  us ing  A d r i a m y c i n  to treat the 
metastat ic  foci formed by  this method  are shown in Table 2. 
Adminis t ra t ion  of  Adr i amyc in  (ADM) a lone  at 20 gg/egg 
resul ted in a m ino r  decrease in the a m o u n t  of  PCR- 
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Fig. 4 Effect of hyperthermia oll 
liver metastasis of T24 cells in 
embryonic chicks 

Fig. 5 Effects of cisplatin and 
carboplafin with/without hyper- 
tbermia on liver metastasis of 
T24 cells in embryonic chicks 

Table 1 Effect of hyperthermia on liver metastasis of T24 cells 

Temperature - time Radioactivity, IR (%)a 
(~ C, min) mean _+ SD (AU/mm 2) 

43.0-10 33.2 -+ 30.3 82.0* 
42.5-20 56.7 -_ 49.2 69.2* 
42.5-15 104.6 _+ 118.8 43.2 
42.5-10 135.0 • 27.4 26.7 
42.0-15 142.3 _+ 94.0 22.7 
Control 184.1 • 76.3 

* P <0.01 (Student's/-test) 
a IR (%) = [1-(Radioactivity of treated group)/(Radioactivity of 
control group)} x 100 

Table 2 Effect of ADM and hyperthermia on liver metastasis of T24 
cells 

Hyperthermia 

Drags (btg/egg) None 42.5 ~ C - 10 rain 

None 26.7 
ADM (20) 13.5 54.2* 

* P <0.01 (Student's t-test) 

Table 3 Effects of cisplatin and carboplatin with/without hyperther- 
mia on liver metastasis of T24 cells 

Hyperthermia 

Drags (gg/egg) None 42.5 ~ C - 10 rain 

None 24.5 
Cisplatin (10) 29.1" 33.4* 
Carboplatin (10) 27.3* 44.5* 

* P <0.05 (Student's t-test) 

amplif ied DNA.  The radioact ivi ty of  these bands was 
analyzed and compared for the groups treated with A D M  
alone, for those treated with A D M  combined with hy- 
perthermia, and for those left untreated. A D M  in combina-  
tion with hyperthermia had an additive inhibitory effect on 
the growth of  the metastasized T24 cells in this chick 
embryo model. In contrast, no additive inhibitory effect 
was found for cisplatin or carboplat in administrat ion in 
combinat ion with hyperthermia (Fig. 5, Table 3). Then, the 
administration of  mi tomycin  C alone or in combinat ion 
with hyperthermia was studied. Mi tomycin  C used alone 
and with hyperthermia produced 58.9% and 88.6% inhibi- 
tion rates, respectively. Thus, an even greater decrease in 
the amount of  PCR products was seen when this agent was 
combined with hyperthermia.  

Discussion 

Most  prior  research on metastases has focused on elucida- 
tion of  the mechanisms involved in the metastatic process. 
In contrast, little attention has been directed to therapeutic 
approaches to metastatic cancer cells, possibly because few 
effective experimental  metastasis models  have been estab- 
lished. The nude mouse has been the host most frequently 
used in xenograft  experiments,  although this metastasis 
model  suffers from several drawbacks,  including (1) a 
low rate of successful tumor implantation, (2) the necessity 
for special pathogen-free facilities to raise the animals,  (3) a 
long waiting period before results are obtained, and (4) an 
extremely low rate of  metastasis formation. 

In the present study, we used the chick embryonic assay, 
which is simple and inexpensive to perform and yields a 
high rate of  tumor implantation, to detect metastatic tumors 
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and quantify the sensitivity of  metastatic tumors to various 
forms of  therapy [1, 3 - 5 ,  7]. This chick embryonic assay 
has not been entirely satisfactory as a quantitative metas- 
tasis experimental model because the amount of tumor cells 
in the developing metastatic foci is extremely small due to 
the short experimental period of 7 days; thus, detection of 
metastatic foci has depended on the histopathological 
findings. 

Recently, the PCR technique has been developed for 
highly sensitive detection by amplifying a small segment of  
DNA flanked by oligonucleotide primers of  known DNA 
sequences [6]. In the present study, using the PCR we 
amplified a specific human tumor-cell-derived DNA se- 
quence present in embryonic chick liver metastases and 
analyzed it by Southern blotting. As a result, it was shown 
that (1) it is possible to detact with efficiency metastatic 
cells in chick embryos inoculated with human tumor cells 
by subjecting DNA samples from the chick embryo organs 
to PCR to amplify a DNA fragment specific to the human 
[3-globin gene and then detecting those amplified frag- 
ments, and (2) this method is an excellent quantitative 
experimental metastasis model that has considerable pro- 
raise as a screening method that might provide useful 
information about the inhibitory effects of  various antican- 
cer agents and hyperthermia on human tumor metastases. 
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