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Antitumor immunology induced by the magnetic induced hyperthermia 

Abstract 

The present study w，ぉ carriedto test e能 ctivenessand mechanisms in treatment of 

mammary cancer using our magnetic induction hyperthermia system (MIHS). We found 

out that the thermotherapy at 50~55 Oc by using MIHS is effective to inhibit the growth of 

m紅nm訂 ycancer. Furthermore， infiltration of the cancers by a large number CD4+ and 

CD8+ T cells indicates that there訂 evarious antitumor immunological responses. Such 

effects， however， were attenuated when immunoadjuvant was locally administered before 

thermotherapy. Such a combination of hyperthermia and immunoadjuvant resulted in not 

only the decrease in volume， but also the disappearance of cancers. 

Key Words: Hyperthermia， magnetism， cancer， immunology， mammary 

Introduction 

Hyperthermia， as one of the procedures for treatment of malignant tumor， can 

directly kill the tumor cells， or at least inhibit their growthl，2. Results in vivo in recent 

years have shown that the tumor-killing effects are related to the activation of various 

antitumor immunological responses3. It is considered that the components derived from the 

degeneration and necrosis of tumor cells induced by hyperthermia can be absorbed by the 

organisms4
• These components in return can act as antigens由atactivate immunological 

system， which results in various antitumor effects. Those researches， however， are mostly 

focused on the conventional thermotherapy of which the temperature is about 43 oc， 
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combined with biotherapy， chemotherapy， or radiotherapy5. The present research was 

aimed to find out the ideal conditions between antitumor immunological responses and 

hyperthermia induced by magnetic irradiation. 

Materials and Methods 

The experiments were carried out in Wistar rats of 180"""'220 grams in body 

weight. The m白血narycarcinoma bearing r剖swere prep紅 edby inoculation of 0.2 ml of 

Walker-256 cells (2x106/ml)， a cell line derived企om血es田nelinage of Wistar rats in 

order to avoid immunological rejection. The cancer-bearing r剖swere divided into six 

groups (Table 1). In 7 days after the inoculation， two thermo・seedsth拭 gener剖eheat in 

magnetic field were. implanted into the cancer on the right flank. To attenuate 

immunological response， immunoadjuvant was injected into the cancers of both flanks. 

The animals were irradiated in 3 days after the implantation.τ'he cancer volumes were 

measured every 3 days. All tissue samples were collected in 14 days after the irradiation， 

observed morphologically and immunohistochemically. 
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Measurement of temperature wi由inand around the cancers showed that the 

present methods can raise the tempera加rein the cancers as expec白d(Table 2). The 
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volumes of cancers treated with the 

higher temper拭ure(group Gl) were 

smaller than the 

controls (Table 3)， although not 

significantly. The results indicate that 

magnetic induction hyper仕lermia

system M1HS can generate 

hyperthermia enough for the present 

study. To attenuate the therapeutic 

effects while suppressing the damages 

to normal tissues around the cancers， 

immunoadjuvant was injected on both 

flanks before the irradiation in order to 

facilitate immunological response. 1t 

was found 出at 也e cancers were 

completely disappeared m 3 rats of 

group G5 (Table 3). 1n addition， the 

average volume of group G5 was 

significantly smaller than the other 

groups. The upper results indicate也at

the present system IS suitable for 

trea加lentof the mammary cancer. 

1n group G5 rats treated wi血

hyperthermia plus immunoadjuvant， the 

cancers on both flanks were infiltrated by 

a large amount of macrophages and 

lymphocytes. 1n addition， a relative clear 

m訂gm could be observed between 

normal and malignant tissues. Results 
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Control group G 1 (x400) 
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Fig. 1 Identification of CD4+ T celIs following hyperthermia 
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42-46 OC plus immunoadjuvant group G4 SO""'-'5SoC plus immunoadjuvant group GS 

Fig. 2 Identification of CD8+ T cells following hyperthermia (x300) 
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from the immunological examinations showed that while there were only few CD4+ T 

cells in controls (Fig. 1)， their numbers were significantly increased in the treated groups， 

especially groups G5 (Table 5). A similar tendency was also observed in the expression of 

CD8+ T cells CD8+ T cells (Fig. 2， Table. 5). It is important to note that although the 

thermo-seeds were not implanted on the le丘flank，the average volume of cancers in group 

G5 was still significantly decreased. It is suggested that the immunological responses 

induced by hyperthermia can influence the cancers on the other part of the body. 

Discussions 

It is generally recognized that hyperthermia can kills the cancer cells directly， 

accompanied by induction of various immunological responses. The direct proofs are the 

inhibition of growth and disappearance of the tumor3. 1n our experiment， we found out that 

the thermotherapy at 50~55 Oc by using the magnetic induction hyperthermia system 

(M1HS) is effective to inhibit the growth of mammary cancer. Furthermore， infiltration of 

the cancers by a large number CD4+ and CD8+ T cells indicates that there are various 

antitumor immunological responses. Such effects， however， were aUenuated when 

immunoadjuvant was locally administered before thermotherapy. Such a combination of 

hyperthermia and immunoa司juvantresulted in not only the decrease in volume， but also the 

disappearance of cancers. Further studies are necessary to improve the e百iciencyof our 

system and clarify the immunological mechanisms involved. 
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