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INTRODUCTION 

Tumor-associated macrophages (TAM) are one major component of tumor stroma. In breast 
cancer, TAM may comprise up to 50% of the tumor mass (1) and are capable of producing 
estrogen and angiogenic cytokines such as vascular endothelial growth factor and tumor 
necrosis factor alpha, that regulate the growth and angiogenesis of breast cancer (1-3). There is 
a positive correlation between high vascular grade and increased macrophage index, and a 
strong relationship between increased macrophage counts and reduced relapse-free survival as 
well as reduced overall survival in patients with breast cancers (3). In addition, the accumulation 
of TAM with thymidine phosphorylase is a potent prognostic indicator of early relapse in primary 
breast cancer (4). Despite the potential importance of TAM, current treatments of breast cancer 
have been primarily directed at breast cancer cells. Depletion of TAM may significantly improve 
the outcome of breast cancer therapy. The purpose of this study is to investigate weather 
depletion of TAM can slow breast tumor growth and improve the outcome of breast cancer 
treatment. Depletion of breast cancer TAM will be achieved using intra-tumoral injection of 
liposome-encapsulated dichloromethylene diphosphonate (clodronate), a specific and potent 
macrophage-depleting agent (5-8). Using a well established murine 4T1 breast cancer model 
(9), our specific objectives are: 1) To determine whether intra-tumoral injection of liposome- 
encapsulated clodronate can deplete TAM, 2) To determine the effect of depleting TAM on the 
tumor growth and angiogenesis, and 3) To determine the effect of depleting TAM on the 
outcome of chemotherapy. 

BODY 

Two tasks are defined in the study: Task 1, Establish optimum conditions for depleting TAM 
using liposome encapsulated clodronate; and Task 2, Determine effects of macrophage 
depletion on breast cancer growth and angiogenesis, and the outcome of chemotherapy. 
Shortly after the funding of this project in September 2003, there was an unexpected turnover of 
the laboratory personnel, as a result the research in this project did not get started until after 
April 2004. A request for a no cost, one-year extension of the project was granted in September 
2004. Thus, this report represents the first annual report, rather than the final report. 

There are 4 stages proposed to accomplish Task 1: a, Establish the culture of 4T1 breast 
cancer cells and breast cancer model in BALBc mice; b. Prepare liposome-encapsulated 
clodronate; c, Treat (intra-tumoral injection) tumor-bearing mice with liposome-encasulated 
clodronate; and d. Process tissue for immunohistochemical staining of macrophage-specific 
marker and quantify macrophages using Chalkley point counting method. 

Two experiments have been carried out to accomplish Task 1. In the first experiment, 45 female 
mice at 12 weeks of age were obtained and quarantined for 2 week before sc injection of 10^ 
cells in 100 |al. The body weight of the animals was recorded every 2-3 days. Tumors became 
visible around 8 days after 4T1 cell inoculation. The tumor size was measured with a caliper 
every 2-3 days, and the tumor volume was estimated using the formula (L X W^)/2 (10-12). Two 
weeks after the inoculation of 4T1 cells, tumors were well established in 40 mice. The animals 
were divided into 3 groups: a group with no injection as control, a group with injection of 10 |j,l 
liposome-encapsulated clodronate, and a group with injection of 10 |il liposome-encapsulated 
PBS (empty liposome) into the tumors. At intervals of 1, 3, 5, and 8 days after liposome 
injection, tumors were removed, fixed in buffered formalin for immuno-staining with 
macrophage-specific marker to quantify the number of macrophages. Results of tumor volume 
measurements revealed no significant difference between control and clodronate-injected group 
that was treated with 10 |J.I liposome-encapsulated clodronate (Figure 1). 
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Figure 1. Tumor growth after injection of 
Clodronate-encapsaled liposome. 40 tumor- 
baring mice were divided into 3 groups and 
treated with no injection, clodronate injection, 
PBS injection, respectively. Day 0 marks the day 
of injection. Tumor volume was determined as 
described in the text. Numbers of animals in each 
group at each data collection day are shown in 
Table 1. Results are presented with mean + S.D. 

Table 1. Numbers of animals in each group 

n 
DayO Dayl Day 3 Days Day 8 

No 
Injection 14 14 10 7 4 

Clodronate 
Injection 

13 13 10 7 4 

PBS 
Injection 13 13 8 5 2 
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Figure 2. Tumor growth after injection of 
Clodronate-encapsaled liposome. 28 tumor- 
baring mice were divided into 3 groups and 
treated with no injection, clodronate injection, 
PBS injection, respectively. Day 0 marks the day 
of injection. Tumor volume was determined as 
described in the text. Numbers of animals in each 
group at each data collection day are shown in 
Table 2. Results are presented with mean ± S.D. 

Table 2. Numbers of animals in each group 

n 
DayO Day 3 Day? Day 9 

No 
Injection 

9 9 6 3 

Clodronate 
Injection 

9 9 6 3 

PBS 
Injection 

10 10 7 4 

In the second experiment, a total of 28 mice were obtained and processed as in the first 
experiment except that 30 nl (15 |al at 2 sites) of liposome-encapsulated clodranate or empty 
liposome was injected intra-tumorally. Similar to the first experiment, tumors became visible 
around a week and well established 2 weeks after inoculation. At intervals of 3, 7, and 9 days 
after liposome injection, tumors were removed, fixed in buffered formalin for immuno-staining 
with macrophage-specific marker to quantify the number of macrophages. Results of tumor 
volume measurement showed no significant difference between clodronate-injected group and 
PBS-injected group (Figure 2). The difference between injected and non-injected group had no 
statistical significance. 

The tumor tissues collected from these two experiments were processed for immunochemical 
staining. Paraffin-embedded tumor tissues were sectioned into 4-6|am slices. The slides were 
deparafinated, trypsinized or heated to activate the antigen, and processed in a DAKO 
Autostainer with an antibody to mouse macrophage-surface marker F4/80, HRP-conjugated 
secondary antibody, and DAB substrate. The slides were then counter stained with 
hematoxylin. So far, we have not been able to identify macrophages in these tumor sections. 
Currently, we are using a different antibody to macrophage markers (anti-Mac-1) attempting to 
improve macrophage detection. 



KEY RESEARCH ACCOMPLISHMENTS 

• Established breast cancer model in BALBc mice. 
• Treated tumor-bearing mice with liposome-encasulated clodronate. 
• Process tissue for immunohistochemical staining with macrophage-specific marker. 

REPORTABLE OUTCOMES 

None. 

CONCLUSIONS 

The purpose of this project is to determine whether in vivo depletion of tumor-associate 
macrophages (TAM) is feasible and if it is feasible, what is the effect of TAM-depletion on the 
growth of breast cancer and its response to cancer chemotherapy. Using a murine 
subcutaneous breast cancer model, we have demonstrated that intra-tumoral injection of up to 
30 |il of liposome-encapsulated clodronate had no effect on the growth of breast cancer. 
Whether it has any effect on the depletion of TAM is currently under investigation. 
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