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 Abstract.- The present study describes the possible curative effect of BCG on chemically induced breast cancer 
in female albino rats. Five groups, each of ten Spague Dawley adult female albino rats were administered with 100 µg 
7, 12 dimethyl benz [α] anthracene (DMBA) once a week and 10 µg 12-0 tetra deconal phorbol B acetate (TPA) twice 
a week, for twenty and eighteen weeks, respectively, to allow development of breast cancer. Another group of ten rats 
was injected 0.1 ml acetone intraductally through the nipple three times a week for twenty weeks which served as 
control group. Four of these five groups were injected 0.5 mg Bacillus Calmette Guerin (BCG) once a week for six 
weeks. One out of these five groups of animals and control were sacrificed after twenty weeks whereas BCG was 
administered for another six weeks to the remaining four groups. These experimental animals were sacrificed one, 
four, eight and tweleve weeks after the last dose of BCG. The breast tissue was removed, fixed and processed for 
histological study. The breast tissue from animals treated with DMBA and TPA showed hyperplasia and malignant 
changes, whereas those sacrificed one week after BCG treatment manifested malignant and degenrating cells. Those 
sacrificed after four weeks showed complete absence of malignant cells, whereas the ones sacrificed after eight weeks 
showed recurrence of mild hyperplasia and malignant changes. The rats which were sacrificed after twelve weeks 
showed hyperplasia and malignant cells indicative of recurrence. It was, therefore, concluded that BCG treatment 
reversed the chemically induced malignancy of the breast, though recurrence was observed eight and tweleve weeks 
after the treatment with BCG. Further work is needed to evaluate the possibility and complete cure of the condition 
using BCG regime with modifications. 
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INTRODUCTION 

 
 Carcinoma of the breast is a leading cause 
of cancer related mortality in female. Evidence is 
accumulating in recent years showing that tumours 
induced by carcinogens may contain tumour-
specific antigens (Klein, 1966; Smith, 1968). 
Further, it had also been reported that the immune 
responsiveness of the host was depressed during 
latency period of carcinogenesis (Prehn, 1963; 
Ceglowski and Friedman, 1969). Despite the 
introduction of new cytotoxic drugs, improved 
surgical and radiotherapeutic techniques, a large 
proportion of carcinomas still remain incurable 
(Demols and Van Laethem, 2002). New targeted 
therapeutic strategies including immunotherapy are 
being explored as complementary treatment for 
malignancies (Mosolits et al., 2005). Tumour 
associated antigens have been targeted with BCG 
although it is unlikely that an active specific  
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immunotherapy will provide a standard 
complementary therapeutic approach for carcinoma 
in the near future (Novellino et al., 2005). 
 Morales and Nickel (1986) introduced 
intravesical use of BCG in superficial bladder 
cancer and in most cases it gave better results than 
using it by other routes such as subcutaneous, oral 
and intralesional when compared with the results 
obtained after chemotherapy. The effect of BCG 
immunotherapy appeared to continue long after 
treatment had been stopped, the incidence of tumour 
reccurrence was also reduced.  
 BCG treatment regime is reported to produce 
a long term tumour regression, reduces recurrence 
and cancer mortality in carcinoma of urinary 
bladder (Lamm, 2000). The intravesical use of BCG 
was reported to inhibit, eradicate and prevent 
reccurrence of bladder malignancy. For the last 
three decades BCG therapy has remained the most 
effective local therapy for bladder cancer (Herr and 
Morale, 2008). Kimura (2006), reported seven out 
of ninteen patients of breast cancer showing partial 
response after oral administration of BCG. 
 It is well established that BCG is effective for 
carcinoma of urinary bladder, leprosy (Setia et al., 
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2006). Buruli ulcer (Tanghe et al., 2001), diabetes 
type 1 (Huppmann et al., 2005) and colorectal 
carcinoma (Mosolits et al., 2005). 
 Due to high incidence of breast cancer and 
mortality rate associated with it, thé development of 
an effective vaccine may be an answer to prevent 
and treat the condition (Chung et al., 2003). Since 
effect of immunothrrapy had never been tried on 
carcinoma of breast, the present study was designed 
to see the effect of BCG on experimentally 
produced breast cancer in rats.  
 

MATERIALS AND METHODS 
 
 This study was carried out using sixty adult 
healthy albino female rats of 6-8 weeks old of 
Sprague Dawley strain, weighing on the average 
246.89±4.10 g. The animals were fed on standard 
rat chow and water ad libitum and were kept in 
controlled laboratory conditions viz., 23±2°C, 
humidity 55±5%, dark and light cycle of 12 hours 
each. Ten rats served as a control and others were 
labelled as experimental groups. Control group of 
ten rats received 0.1 ml acetone, injected 
intraductally three times a week for twenty weeks. 
The remaining fifty rats received 100 µg 7, 12 
dimethyl benz [a] anthracene (DMBA) once a week 
for twenty weeks and 10 µg 12-0 tetra deconal 
phorbol B acetate (TPA) twice a week for eighteen 
weeks. TPA injection was started 2 weeks after the 
begining of DMBA treatment. Twenty rats were 
sacrificed 24 hours after 20 weeks of the 
experimental period. The remaining forty rats 
received 0.5 mg Bacillus Calmette Guerin (BCG) 
(dissolved in 0.1 ml NaCl) only, once a week for a 
period of six weeks, and a group of ten rat each was 
sacrificed after one week, one, two, and three 
months at the end of BCG treatment.  
 The breast tissue was fixed it in 10% formalin 
for 24 hours and processed in a usual way and 
stained with haematoxylin and eosin. The slides 
were observed using (Leica DM 1000) microscope.  
 Gross lesion in nipple area was measured by 
using scale and furthur reported as mean±standard 
deviation. The data was analaysed using SPSS 18.0. 
Microscopic lesions produced in different groups of 
animals were compared by Fishers exact test 

(Swinscow, 1983). The difference was regarded 
statistically significant if the p value was <0.05. 

 
RESULTS 

 
Control 
 Histological sections of the breast of acetone 
treated rats showed ulcer of 1.06 ± 0.107 mm 
(n=10) in the area of the nipple (Table I). On 
microscopic examination, although there was no 
visible lesion in this group, 40% of the animals 
however, showed inflammatory reaction (Fig. 1).  
 

Carcinogen- treated rats 
 Rats treated with DMBA and TPA for a 
period of twenty and eighteen weeks, respectively, 
showed rounded ulcer of size 2.24±0.171mm in the 
area of the nipple with sharp margin and granulated 
elevation in the center. The animals showed a 
marked degree of hyperplasia with mitotic figure in 
the cells of stratum granulosum of epidermis and 
fibrocytes of the dermis, extensive anaplasia and 
malignant changes in acini and ducts of the 
mammary gland. The malignant cells appeared 
large, hyperchromatic with large sized mitotic 
nuclei as compared to the normal cells. Moreover, 
two or three nucleoli were present in each malignant 
cell (Fig. 2, Table I). 
 

BCG treated rats 
 One week group 
 The rats in this group showed shallow ulcer 
(1.60±0.290 mm) with inflamed margin (Table I). 
Microscopically six animals showed mild 
hyperplasia with cells having pyknotic and darkly 
stained nuclei in stratum granulosum of epidermis 
and appendages in the dermis. In 40% of the 
animals, most of the malignant cells, showed 
irregular chromatin in the nuclei which were devoid 
of nucleoli, indicating degenerative changes (Table 
I). The healing process seems to be in progress 
(Figs. 3, 4). 
 
 One month group  
 The ulcer size of 1.05±0.070 mm was 
detected in the area of nipple without any 
demarcation  of margins  (Table I).  Microscopically 
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Table I.- Number of rats with lesions (cancer and hyperplasia) in control and different experimental groups having ten 
animals each.  

 
Lesions Groups No. of animals Cancer Hyperplasia 

Size of ulcer(mm)  
Mean±SD 

     
Control  10 0 0 1.06±0.10 
Carcinogen treated  10 6 4 2.24±0.17 
     
Carcinogens + BCG treated     
     One Week 10 4 6 1.60±0.29 
     Four weeks 10 0 0 1.05±0.07 
     Eight weeks 10 4 6 1.17±0.08 
     Twelve weeks 10 5 5 1.05±0.07 
     
 

 
 

 Fig. 1. Histological structure of the 
mammary gland from control rat treated with 
0.1 ml acetone showing fibroblast (F), 
lymphocyte (L), plasma cells (P), neutrophil (N) 
and blood vessels (B.V). H&E stain, X400. 

 

 
 

 Fig. 2. Histological structure of the 
mammary gland of rat treated with carcinogens 
showing mitotic figure (M), malignant cells 
with large nucleus (C) and nucleoli (N). H&E 
stain, X400.    

 
 

 Fig. 3. Histological structure of the 
mammary gland of rat sacrificed one week after 
BCG treatment showing granulation tissue (G) 
and degenerated cancer cells (D). H&E stain, 
X400. 

 

 
 

 Fig. 4. Histological structure of the 
mammary gland of rat sacrificed one week after 
BCG treatment  showing degenerated malignant 
cell (D), pyknotic nucleus (P), nuclei without 
nucleoli (N.D). H&E stain, X400.   
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the epidermis, dermis and acini of the mammary 
gland appeared normal without any sign of 
anaplasia but there was an increase in granulation 
tissue, fat and small blood vessels (Figs. 5, 6) 
 

 
 

 Fig. 5. Histological structure of the 
mammary gland of rat sacrificed four weeks 
after BCG treatment showing granulation tissue 
(G). H&E stain, X400. 

 

 
 

 Fig. 6. Histological structure of the 
mammary gland of rat sacrificed four weeks 
after BCG treatment showing normal epidermis 
(E), dermis (D), fat (F) and connective tissue 
(C). H&E stain, X400. 

 
 Two month group 
 The size of ulcer was 1.170±0.082 mm in the 
area of nipple with inflammation in the peripheral 
part. Microscopically four animals showed 
hyperplasia, four malignant changes, and two 
animals were comparable to the control showing no 
change (Table I). There was hyperplasia of the cells 
in stratum granulosum of epidermis and cells 

contained vesicular, rounded nuclei with 2 or 3 
nucleoli. Acini and ducts of the mammary gland 
were lined with large cuboidal epithelium cells. 
Moreover, malignant changes were not uniformly 
present in acini and ducts. The thick walled blood 
vessels, granulation, necrotic tissue and variable 
amount of fat cells were also observed (Fig. 7). 
 

 
 

 Fig. 7. Histological structure of the 
mammary gland of rat sacrificed eight weeks 
after BCG treatment showing mammary 
dysplasia in acini (A), connective tissue (D), 
and thick walled blood vessels (B.V). H&E 
stain, X400. 

 

 
 

 Fig. 8. Histological structure of the 
mammary gland of rat twelve weeks after BCG 
treatment showing malignant changes (M.C) 
and blood vessels (B.V). H&E stain, X400. 

 
 Three month group 
 The rats showed ulcer of 1.05±0.07 mm size 
and a number of granulomas. Microscopically five 
animals showed anaplasia and five hyperplasia 
(Table I). Evidence of carcinogenesis was patchy 
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and irregular, while acini and ducts were not 
uniformly affected. Variable amounts of 
granulation, necrotic tissue, fat and thick walled 
blood vessels were also observed (Fig. 8).  

 
DISCUSSION 

  
 BCG enhances immunity against cancer 
(Guade, 2007). It was suggested that developing 
tumours exert an immunosuppressive effect on the 
host, while BCG exerts Immuno enhancing activity 
by enhancing tumoricidal activity (Gijare et al., 
1990). Our results are comparable to those of 
Martinez-Pineiro and Muntanola (1977) and Morale 
and Nickel (1986) who administered BCG to 
animals by percutaneous and intralesional methods 
in bladder cancer. 
 BCG has been administered previously in 
bladder cancer through intravesicle and 
percutaneous methods (Morales and Nickel, 1986), 
and orally (Kimura, 2006; D´Ancona et al., 1991; 
Lamm et al., 1997). Later, it was demonstrated that 
percutaneous method of administration of BCG was 
no better than the intravesicle route; this was 
ultimately regarded as the route of choice in bladder 
cancer. Our results however, differ from those 
reported by Kimura (2006), D´Ancona et al. (1991) 
and Lamm et al. (1997), who found tumour 
regression in some cases of superficial bladder 
cancer.  
 In the current investigation majority of rats 
receiving 0.1 ml of acetone, injected intraductally 
showed no change, some animals showed minimal 
infiltration of inflammatory cells. This indicated that 
acetone acted as solvent for the carcinogens DMBA 
and TPA, had a minimal irritant effect. This finding 
is in accord with the earlier reported work, wherein 
acetone was used as a solvent for various agents. 
(ATCDR, 1995; U.S.EPA, 2003; American 
Chemistry Council, 2003).  
 The results in second group showed epithelial 
carcinogenesis in the mammary gland, these results 
were comparable to those reported by Gijare et al. 
(1990) who induced papilloma in Hamster Cheek 
Pouch and stomach by oral application of DMBA 
thrice a week for one month. Our results correlated 
with those reported by Rehm (1990), who induced 
myoepithelial mammary gland tumour by oral 

application of 1 mg DMBA for four weeks in mice; 
the tumour developed seven to eight months after 
stopping the treatment. The induced tumour were 
composed of cuboidal epithelium with microvillous 
border originating from lining epithelium of the 
duct; presence of spindle shaped cells were 
identified as of myoepithelial origin. Athar et al. 
(1991) induced papilloma in sencar mouse by 
topical application of DMBA and TPA, as in our 
experiment, after twenty weeks most of the 
papilloma progressed to malignant tumour. 
 Our results of experimental groups were 
comparable to those reported by Morales and Nickel 
(1986) after treatment of urinary bladder tumours by 
intravesicle administration of BCG; they reported 
that it inhibited recurrence, produced tumour 
regression, and cell mortality whereas the second 
and third month groups showed the evidence of 
recurrence. 
 In all experimental groups the granulation, 
necrotic and fatty tissues increased resulting in 
granuloma formation, which was regarded a useful 
defense mechanism. 
 Catalona et al. (1987) and then Pagano et al. 
(1995), improved upon the method used by Morale 
and Nickel (1986). They demonstrated the value of 
an additional second six weeks course after failure 
of the first course. At least 50% of the patients 
either with the papillary tumours, or carcinoma of 
urinary bladder in situ who failed the first course 
showed a response to additional course. The third 
therapeutic scheme is the so called maintenance 
scheme used by the Lamm et al. (1997). It is based 
upon the assumption that repeated treatment with 
BCG renews the immune response and decreases 
the development of recurrence. 
 In the light of above observations, further 
work is proposed, in case of breast cancer, by 
increasing the dose of BCG or giving a second six 
weeks course (Catalona et al., 1987; Pagano et al., 
1995) or keeping the patient on third maintenance 
scheme for three years to accomplish a complete 
eradication of cancer (Lamm et al., 1997).  
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