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Abstract . In t h e present work the role of 13-cis retinoic acid and CpG oligodeoxy-
nucleotides (CpG-ODN) in a 1-methyl-l-nitrosourea (MNU)-induced mammary 
gland carcinoma animal model was investigated. Treatment with both components, 
applied either alone or in combination, induced a significant decrease of the tumour 
burden and the volume of tumours only in rats t h a t received CpG-ODN (p = 0.046, 
compared to the MNU control group). The data indicate t h a t the Th-1 biased im
munostimulatory capacities of CpG motifs may play a significant role in induction of 
protective immune responses against mammary gland tumours in Sprague-Dawley 
rats . 

Retinoids have shown some promise as chemopreventive agents against chemically 
induced mammary gland carcinogenesis in both mice and rats (Moon and Con-
stantinou 1997). Their cognate nuclear receptors are known t o act as transcriptional 
activators upon binding of a retinoid molecule and by binding to retinoic acid re
sponsive elements (Gudas 1994). Recent data indicated t h a t m vivo expression of 
nuclear all-trans retinoic acid receptors in mouse spleen can be influenced by ge
netic immunization itself, or in combination with coinjection of immunostimulatory 
CpG motifs m vivo (Brtko et al. 2000). 
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Table 1. The m vivo effect of retinoic acid and CpG-ODN on MNU induced tumours 

MNU-control 

13-cis 

CpG 

13-cis + CpG 

non CpG 

Number of tumours/animal 

Mean 
± 

Standard Error 

4 00 ± 0 63 

3 75 ± 0 96 

2 38 ± 0 6 

4 25 ± 0 77 

5 50 ± 0 76 

Median 
(Range 5-95 %) 

4 0 (1-8) 

3 5 (0-7) 

3 0 (0-5) 

3 5 (2-8) 

6 0 (2-9) 

Tumour burden [g]/animal 

Mean 

± 
Standard Error 

22 80 ± 5 26 

12 13 ± 6 82 

8 91 ± 3 20 

22 32 ± 6 68 

25 71 ± 8 62 

Median 
(Range 5-95 %) 

23 77 (2 40-53 99) 

4 29 (0 00-54 16) 

6.49 (0.00-23.58) 

18 48 (1 01-53 15) 

24 02 (0 74-73 11) 

Tumour volume [cm3]/ammal 

Mean 

± 
Standard Error 
45 60 ± 10 90 

22 00 ± 12 50 

16 30 ± 7 08 

39 10 ± 13 00 

41 60 ± 15 10 

Median 
(Range 5-95 %) 

48 70 (3 38-105 00) 

7 25 (0 00-100 00) 

10.80 (0.00-56.80) 
32 20 (1 41-102 00) 

39 50 (0 67-131 00) 

MNU-control this group received only MNU, 13-cis MNU + 13-cis retmoic acid, CpG MNU + CpG-ODN, 13-cis + CpG MNU 
+ 13-cis retmoic acid and CpG-ODN, non CpG MNU + non-immunostimulatory ohgodeoxynucleotide Significant differences 
(p = 0 046) to the MNU-control are shown m bold 
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Cpg motifs are recognized by immunocompetent cells via so-called "pattern 
recognition receptors" that represent a mechanism of the innate immune system 
to signal "danger" based on structural surface characteristics shared by a variety 
of infectious agents (Hemmi et al 2000) They act on immune cell species like 
professional antigen presenting cells, natural killer cells, B and T cells and induce 
the secretion of a panel of cytokines, in particular type-1 interferons (IFNa//3), 
IL-1/3, TNF-a, IL-6 and IL-12 (Krieg et al 1995, Stacey et al 1996, Sparwasser 
et al 1997, Sun et al 1998) This inflammatory Th-1 type adjuvant effect of CpG 
motifs makes them potential candidates for stimulating immunity against tumours 

As a prerequisite for testing components that might be involved in reduction 
of mammary tumours we have recently established the in vivo rat animal model for 
induction of mammary gland carcinomas by treatment with 1-methyl-1-mtrosourea 
(MNU, Macejova et al 2001) 

In the present work we investigated the effect of retinoic acid, immunostimula
tory CpG ohgodeoxynucleotides (CpG-ODN) and a combination of both substances 
on the development and/or progression of mammary gland tumours in rats 

Five groups of female Sprague-Dawley rats were given 50 mg kg - 1 MNU on 
the 53 rd , 82nd and 102nd day of age From the 55 th day of age, the first group 
of rats was receiving 13-cis retinoic acid (1 mg kg - 1) intragastrically three times 
per week until the end of the experiment The second group of rats was receiving 
two intradermal injections of CpG-ODN (5'-GCTAGACGTTAGCGT-3\ 100 /zg) 
on the 47 th and 97 th day of age, and the third gioup of rats underwent treatment 
that was a combination of the above first and second group The last two groups 
served as controls, one receiving MNU without any further treatment, the other 
receiving MNU and injection of ODN with inverted CpG motifs (GpC), which exert 
no immunostimulatory capacity The experiment was terminated when rats reached 
then 146th day of age 

As shown in Table 1 both mammary gland tumour burden and tumour vol
ume was significantly reduced (p = 0 046, Mann-Whitney rank sum test) in the 
group of rats treated with CpG motifs 13-cis retmoic acid applied intragastrically 
was found to cause marked reduction of tumour burden as well as the volume of 
tumours, however, in this experiment the response did not reach statistical signif
icance Injection of non-immunostimulatory GpC motifs did not influence tumour 
growth indicating that the protective effect of CpG-ODN was specifically induced 
by the immunostimulatory motifs and not by the DNA in general However, con 
trary to our expectations of a possibly positive synergistic effect of CpG and retmoic 
acid, the treatment with both components elicited values of tumour burden and 
tumour volume which were similar to the MNU control group (Table 1) 

Summing up, our data demonstrate that the Th-1 biased immunostimulatory 
capacities of CpG motifs may play a significant role in the induction of protec
tive immune responses against mammary gland tumours in Sprague-Dawley rats 
Interestingly, the effect of this treatment disappeais upon application combined 
with retinoic acid, which on its own is also partially protective This points to 
the fact that combinations of different protective therapeutical approaches (like 
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immunotherapy and hormone treatment) not necessarily may result in positive 
synergistic effects but even can lead to the loss of any benefit To elucidate these 
questions, further work will be done on the in vivo effect of CpG-ODN and /or 
retmoic acid on induction and /or progression of mammary gland tumours in rat 

Acknowledgements. This work was supported in part by the grants of VEGA No 
2/6085/99 and No 2/207022 and a scholarship of the Osterreichische Krebshilfe 

References 

Brtko J , Hartl A , Weiss R , Bernhaupt A , Scheiblhofer S , Mostbock S , Thalhamer J 
(2000) DNA immunization in vivo down-regulates nuclear all-trans retmoic acid 
receptors in mouse spleen cells Mol Cell Endocrinol 165, 107—113 

Gudas L J (1994) Retinoids and vertebrate development J Biol Chem 269, 15399— 
15402 

Hemmi H , Takeuchi O , Kawai T , Kaisho T , Sato S , Sanjo H , Matsumoto M , Hoshmo 
K , Wagner H , Takeda K Akira S (2000) A Toll-like receptor recognizes bacterial 
DNA Nature 408, 740—745 

Krieg A M , Yi A K , Matson S , Waldschmidt T J , Bishop G A , Teasdale R , Koretzky 
G A , Klinman D M (1995) CpG motifs m bacterial DNA trigger direct B-cell 
activation Nature 374, 546—549 

Macejova D , Líška J , Brtko J (2001) Mammary gland carcmoma-related increase of 
type I lodothyromne 5'-deiodinase activity in Sprague-Dawley rats Gen Physiol 
Biophys 20, 293—302 

Moon R C , Constantmou A I (1997) Dietary retinoids and carotenoids in rodent models 
of mammary carcinogenesis Breast Cancer Res Treat 46, 181—189 

Sparwasser T , Miethke T , Lipford G , Erdmann A , Hacker H , Heeg K , Wagner H 
(1997) Macrophages sense pathogens via DNA motifs induction of tumor necrosis 
factor-alpha-mediated shock Eur J Immunol 27, 1671—1679 

Stacey K J , Sweet M J Hume D A (1996) Macrophages ingest and are activated by 
bacterial DNA J Immunol 157, 2116—2122 

Sun S , Zhang X , Tough D F Sprent J (1998) Type I interferon-mediated stimulation 
of T cells by CpG DNA J Exp Med 188, 2335—2342 

Final version accepted December 15, 2001 


