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ABSTRACT

A novel tissue digestion and culture technique was used to enrich for 

macrophages and isolate cells from reduction mammoplasty and non-cancerous 

mastectomy tissue obtained from pre- and postmenopausal women. The 

effectiveness of the isolation procedure was tested with immunohistochemical 

techniques which characterized cells for the following proteins: CD 68 and Ham 

56 (known markers of macrophage cells); keratin; and smooth muscle actin. The 

results of the immunohistochemistry verified the presence of macrophages in the 

cultures. Cell cultures were also tested for macrophage biological activity which 

was measured by the release of oxygen free radicals. Also studied was whether 

this response could be modified after cells were cultured with a reproductive 

hormone believed to affect the development of breast cancer. Estradiol 

(estrogen) showed high free radical production in this preliminary study and 

supports the immunohistochemical findings. This also suggests that 

macrophage response to stimulus is modified following the treatment with

estradiol.
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INTRODUCTION

The exact mechanism by which activated macrophages recognize and 

destroy susceptible tumor cells is still unclear ( Fidler, 1985). However it has

been suggested that macrophage-mediated tumor lysis can occur by both direct

and indirect mechanisms. The indirect mechanism involves the release of

diffusable cytotoxic molecules such as metabolites of oxygen (Nathan et al., 

1979). The antitumoral effects of macrophages are achieved through a 

combination of phagocytosis, degradative enzymes, and the release and

production of toxic oxygen metabolites, a process know as the “oxidative or 

respiratory burst” (OB)(Baggiolini, 1990). This process happens when 

macrophages are stimulated with insoluble particles or with other chemicals that 

interact with the cell membrane. The activation of macrophages is very important 

in the promotion of pathogen destruction ( Janeway and Travers, 1994).

Wood (1992) showed that high concentrations of circulating estrogen and 

progesterone increased the number of macrophages in the uterus. Also along 

these lines, Austad posits that long term exposure to the estrogen that women 

require for fertility could predispose breast tissue to malignancy (Rusting, 1992).

The purpose of the present study was to establish the presence of

resident tissue macrophages in breast tissue from pre- and postmenopausal

women who did or did not have breast cancer. We were particularly interested in 

the macrophages because of their primary role in cellular defense and have 

attempted to better understand the role of estrogen and of age in breast cancer.
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Cell isolation techniques were developed to enrich for macrophage 

populations. Cultured cells were characterized utilizing immunohistochemical 

techniques to see if the cells expressed proteins that macrophages are known to 

express. We attempted to determine whether or not estrogen and/or age have 

any effect on the function of these resident mammary macrophages. Oxygen 

free radicals can damage DNA, proteins, lipids and other molecules through out 

the body. We therefore also wanted to see whether the cells that were isolated 

from breast tissue were reactive to known activators of macrophages.

♦
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MATERIALS AND METHODS

The mammary tissue was obtained from the pathology department of 

Deaconess Medical Center, Spokane, WA. Institutional Review Board approval 

for the protection of patients was obtained prior to the collection of tissue. 

Reduction mammoplasty tissue (normal breast tissue) and non-cancerous tissue 

from radical mastectomies were obtained directly from the pathologists after all 

the clinical analyses for diagnosis were completed. Tissue samples were 

obtained from both pre- and postmenopausal patients and included 16 reduction 

mammoplasty samples and seven mastectomy samples. The ages of the 

patients ranged from 24 to 82. Mastectomy samples were most often obtained 

from postmenopausal women, while nearly equal numbers of mammoplasty 

samples were obtained from pre- and postmenopausal women.

Tissue digestion.

The tissue was minced with a razor until homogenized (approx. 5 min). The 

tissue was then placed in a 50-cc tube with 30 cc of digestion medium (250 IU of 

collagenase + 5 % BSA, bovine serum albumin) and placed on a shaker for 2 hr. 

The digested tissue was then passed through a 250-um Nitex filter. The filtrate 

was then centrifuged for 5 min at 2000 rpm. The resulting pellet was 

resuspended in 10 ml of MEM (minimum essential medium) + 20% BCS (bovine 

calf serum).
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Cell Culture.

The resuspended cells were then plated out on a 100-mm bacterial plate (non

tissue culture plate) and placed in a humidified atmosphere at 37° C and at 5% 

CO2. After a 2-hr incubation, the media and unattached cells were then placed 

on a tissue culture plate. The rationale behind this is that by plating the 2-hr 

filtrate on the bacterial plate and removing the medium and the unattached cells 

2 hrs later, a population on the bacterial plate that is primarily macrophages

should be isolated. This isolation should occur because macrophages adhere 

very quickly to most surfaces since they are very quick to set up their 

extracellular matrix. Their quickness allows them to become bound to the 

bacterial plate within 2 hr. Other types of stromal cells such as fibroblasts 

require plating on a tissue culture-treated plate. The tissue culture plates are 

treated so that cells can attach themselves much easily. Non-macrophage cells 

should take more time to bind to the bacterial plates than the macrophages.

This technique should allow for the easy isolation of macrophages.

Culture Feeding and Care.

The medium was changed about every 3 days in order to keep them from 

becoming too acidic due to the metabolism of the cells. Phenol red in the 

medium was used to visibly indicate a pH change. The cells were fed MEM +

10% BCS and were incubated at 37° C at 5% CO2.
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Cell Passaging.

The cells were passaged according to the following protocol when they became 

confluent on the plate. Old medium was aspirated off and 5 ml of CMF 

(calcium-free and magnesium-free phosphate buffered saline) were added to the 

plate to remove traces of calcium from the cells, which interferes with the activity 

of the enzyme, trypsin. The CMF was aspirated off after 5-min incubation at 

room temperature. One ml of Trypsin ( 0.05%) was added and the cells were 

incubated at 37° C for 5-10 min until all the cells detached from the plate. Nine 

ml of DME (Dulbecco’s modified essential media) with 10% BCS, were then 

added to the plate. The DME dilutes the trypsin to a level where it is essentially 

inactive. Two 100-mm tissue culture plates each received five ml of this cell 

solution plus 5 ml of DME w/10% BCS.

Immunocytochemistry.

Two different staining kits were used. The kits used were the DAKO ENVISION 

SYSTEM, Peroxidase (DAB) and the DAKO Quick Kit, Alkaline Phosphatase. 

The cells used were early passage cells (<5 passages) which were cultured to 

subconfluency on 12-mm round coverslips. Coverslips were washed several 

times in PBS and they were then preserved in either ice-cold methanol ( stored 

at -20° C) or in Streck tissue preservative (stored at room temperature). No 

differences in immunohistochemical reactivity were noted between the two 

methods of preservation. The specific primary antibodies used were the 

following: Monoclonal mouse anti-human alpha-smooth muscle actin, 1A4,
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prediluted (DAKO catalog # N1584); Rabbit anti-bovine keratin for wide 

spectrum screening, prediluted (DAKO catalog # N1512); Monoclonal mouse 

anti-human macrophage, Ham 56, prediluted (DAKO catalog # N1544); 

Monoclonal mouse anti-human macrophage, CD68, clone EMB11, prediluted 

(DAKO catalog #H1604).

DAKO ENVISION SYSTEM. This immunohistochemical technique allows 

for the visualization of specific cellular antigens. It utilizes a horseradish 

peroxidase-labeled polymer that is conjugated to the secondary antibody. The 

polymer in this system is chemically linked to many horseradish peroxidase 

molecules, thus increasing the sensitivity of the assay by amplifying the final 

chromagen signal.

Procedure: The DAKO Envision System was used for the detection of 

alpha smooth muscle actin, keratin and Ham 56. The kit protocol was followed 

utilizing the short incubation times (Protocol #1). Briefly, the protocol was as 

follows: coverslips were incubated with blocking buffer (5 min); rinsed in PBS 

(phosphate buffered saline); incubated with primary antibody or negative control 

reagent (10 min); rinsed in PBS; incubated with polymer-linked secondary 

antibody (10 min); rinsed in PBS; incubated in the substrate-chromagen solution 

(3,3' diaminobenzidine tetrahydrochloride (DAB) (5-10 min); rinsed in PBS; 

counterstained with giemsa stain; mounted with water-soluble mounting medium 

(DAKO Glycergel); and viewed at 125X or 250X with a brightfield microscope.

DAKO Quick Staining Kit, Alkaline Phosphatase. This 

immunohistochemical technique is intended for the qualitative demonstration of
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specific cellular antigens. This system utilizes a biotinylated rabbit anti-mouse 

immunoglobin link antibody and alkaline phoshatase-labeled streptavidin.

Procedure: The DAKO Quick Staining Kit was used for the detection of 

CD68. The kit protocol was used as follows: coverslips were washed in TBS 

(tris-buffered saline); incubated with primary antibody or negative control reagent 

(5 min); rinsed in TBS; incubated with Link: biotinylated anti-mouse 

immunoglobin (5 min); rinsed with TBS; incubated in Streptavidin Alkaline 

Phosphatase (5 min); rinsed with TBS; incubated with Substrate-Chromagen 

Solution (15 min); rinsed with distilled water; Mayer's hematoxylin; mounted with 

water-soluble mounting medium (DAKO Glycergel); and viewed at 125X or 250X 

with a brightfield microscope.

Oxygen Free Radical Assay.

The principle of this assay is as follows: Macrophage activation refers to a state 

of enhanced cellular metabolism designed to produce target cell injury. This 

state of activation is accompanied by secretion of reactive oxygen intermediates 

including superoxide anion and hydrogen peroxide. Superoxide production can 

be measured via the reduction of ferricytochrome c with the resultant color 

change of the reaction medium measured spectrophotometrically at 550 nm.

Preparation of the Reagent: Ferricytochrome c from horse heart, type III 

or VI (Sigma Chemical Company) dissolved, just prior to the assay, in Hank’s 

balanced salt solution, without phenol red, to a concentration of 160 uM. The 

stimulant of the oxidative burst used was Zymosan (Sigma) Saccharomyces
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cerevisiae. The Zymosan was opsonized as follows: Added 100 mg Zymosan to 

10 ml PBS and kept at 100° C in a boiling water bath for 1 hr with occasional 

mixing. Then washed 3 times in PBS by centrifugation at 2000g for 5 min. 

Incubated with 6 ml of fresh serum for 20 min at 37° C in a shaking water bath. 

Now wash material twice with saline and resuspend in the PBS to 50 mg/ml.

Cells were cultured on three 24-well plates and a fourth plate, without 

cells, was used as a control for determination of ferricytochrome c color reaction 

with the Zymosan.

24-Well Plate

*

with the following:

Column 1 1.0% FCS (fetal calf serum)/BCS, 1 ml

Column 2 1.0% FCS/BCS, 1 ml

Column 3 1.0% FCS/BCS + 10 nM of Estradiol, 1 ml

The cells were incubated for 18 hr and then treated in the following manner:
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Column 1 Cytochrome c, 750 ul (160 uM)

Column 2 Cytochrome c + Opsonized Zymosan (opsonized

w/fresh primate serum), 750 ul.

Column 3 Cytochrome c + Opsonized Zymosan

Plate One was read at 20 min after stimulation by opsonized Zymosan, Plate 

Two at 40 min, Plate Three at 60 min. At the time of reading , medium from each 

well was carefully aspirated and transferred to separate standard cuvettes. The 

color reaction of the medium was then determined at 550 nm against blanks 

consisting of cytochrome c solution from Plate Four without cells. Column 1 

readings indicated background reaction, if any, of cytochrome c with the cultured 

cells. Column 2 readings indicated oxidative burst response of the cultured cells 

to opsonized Zymosan. Column 3 readings indicated any change in oxidative 

burst response due to exposure to estradiol when in culture.

t
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RESULTS

1) Immunocytochemistry.

The results from the CD 68 and the HAM 56 stain were almost completely 

opposite (Tables 1-4). Out of the 30 cell types that had been stained for CD 68 

and the HAM 56, only three cell types, 6-1RM48A (11 hr), LJWF48L:4, and 6- 

1CA80 (10 hr) +Ag, stained with the same number of positives (Tables 1,3,4). 

Thirteen of the 30 cell types stained with greater than 50% difference in the 

amount of positives. This discrepancy was very large considering that both of 

these stains are specific for macrophages.

The CD 68 and the alpha actin smooth muscle results were very 

similar. There were 14 different cell types that had been stained for both of 

these markers. Out of the 14, six of the cell types stained with approximately 

the same amount of positives and five of the cell types stained within 25% of the 

amount of positives. This left only three of the 14 cell types that did not stain 

with great similarity (Tables 1-4).

W
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Table 1 Staining intensity of cells from Premenopausal Reduction Mammoplasty breast tissue for four different proteins. The cells 
were reacted with a monoclonal antibody conjugated to a color development system. + = 0-25% positive cells, ++ = 26-50% +++= 
51-75%, ++++=76-100%

Cell Type Ham 56 CD 68 alpha Keratin
Actin

6-1
RM48A

(2 HOUR) + -0- + -0-

Bact non
mo

6-1
RM48A

(2 HOUR) ++++ ++++ ++

6-1
RM48A

(11 HOUR) + + + +<5%

6-1RM48B (11 HOUR) + +++ +++
12-
23RM24:2

++ + -0-

11-
3RM36:1

+++ +<5% -0-

11-
22RM34

++ +

12-
15RM41:2

+ ++++

MBP48L:7 (+0 -0-
JBSK:6 -0-
JBSK:11 ++
DWR48JK
:3

++

DD1-1:5 -0-
6-1RM48B (11 HOUR) + +++ +++
+Ag + +++ ++
+E2 + +++ +++

Bact non
mo

6-1RM48A (2 HOUR) + ++ + -0-

+Ag + ++++
+E2 + ++

Table 2 Staining intensity of cells from Postmenopausal Reduction Mammoplasty breast tissue for four different proteins. The 
tissue was reacted with a monoclonal antibody conjugated to a color development system. + = 0-25% positive cells, ++ = 26-50%, 
+++=51-75%, ++++=76-100%
Cell Type Ham 56 CD 68 alpha Keratin

Actin
11-
11rm65:2

+++ +

12-
2RM:51RT

+ +

11-
15RM51

+++ + + <5%

NHP48:3 (+l) +
LBR250:6 ++
LBR250:9 +
BHR95:7 ++++
NH:8 (+l) + ++ +++
+E2 + ++
+Tam ++ +
+E2+ Tam + ++
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Table 3 Staining intensity of cells from Premenopausal Carcinoma breast tissue for four different proteins. The cells were reacted 
with a monoclonal antibody conjugated to a color development system. + = 0-25% positive cells, ++ = 26-50%, +++= 51-75%, 
++++= 76-100%
Cell Type HAM 56 CD 68 alpha Keratin

Actin

LJWF48L:
1

(no I) ++

LJWF48L:
3

II II +

LJWF48L:
4

II II ++ ++

LJWR48R:
1

+ <5%

LJWR48R:
2

+++ + <5%

LJWR48
R:4

+ <5%

SSFar48:2 +++ + <5%
SSFar48:8 ++
LJWF48L
:4

++ +++

+l + ++++
+Ag ++ +++

LJWF48L:
4

(no I) + ++

+Ag + ++++
+l + ++

+l +Ag +++
LJWR48R:
2

(no I) +++ + <5% ++

NO I +Ag +++ +++
+l +++ ++

+l +Ag ++++ ++

Table 4 Staining intensity of cells from Postmenopausal Carcinoma breast tissue for four different proteins. The cells were reacted 
with a monoclonal antibody conjugated to a color development system. + = 0-25% positive cells, ++ = 26-50%, +++= 51-75%, 
++++= 76-100% 
Cell Type Ham 56 CD 68 alpha Keratin

Actin
6-1CA80 (10

HOUR)
+ <5% + +++ -0-

12:16CA8
2:2

+++ + + <5%

12:16CA7
6:2

++ +

11-
1CA70:2

+++ ++

11-
15CA60:1

+++ + + <5%

6-1CA80 (2 HOUR) + <5% +++ ++++
+Ag ++ +++
+E2 + +++

6-1CA80 (10
HOUR)

+ <5% + +++

+Ag ++ ++ +++
+E2 + <5% +++ +++

12
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2) Superoxide Anion Radical Assay.

The results from the superoxide anion free radical assay showed that the 

difference between the background and the treated cells was rather small. The 

background was subtracted out in the graphs to better show the differences

between the treated cells and the control. The charts and the graphs indicate 

that there was a release of superoxide anion from all the cells treated. The most 

significant release of superoxide anion is shown in Fig. 1 and Fig. 2 at the 40-

min mark. The cells that were treated with estradiol showed an increase in

release of superoxide anion versus the untreated cells. There was a large

difference between the treated cells and the control after 20 and 40 min in the

carcinoma cells (Fig. 2). At 20 min the difference was 0.014 O.D. units and at 40 

min it was 0.020 O.D. units. The reduction cells (Fig. 1) that were treated had 

the greatest difference from the control cells at 20 min, where the difference was 

0.028 O.D. units. Also both cell types’ (reduction and carcinoma) values 

dropped below the background after 60 min. The estradiol cells did not drop 

below the background with the same degree as the control cells.

*
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Superoxide anion release following a 24-hr exposure to estradiol 
(RM48)

Fig-1 Free radical production of cells from Reduction Mammoplasty breast tissue after culture in estradiol. Oxidative burst 
stimulated by opsonized Zymosan. Measured at 550 nm. Background without cells.

Superoxide anion release following a 24-hr exposure to estradiol 
(CA80)

□ Control 
■ Estradiol

Fig. 2 Free radical production of cells from Carcinoma breast tissue after culture in estradiol. Oxidative burst stimulated by 
opsonized Zymosan. Measured at 550 nm. Background without cells.
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DISCUSSION

This was a cooperative venture with Dr. Sylvia Oliver at Washington 

State University Health Research and Education Center in Spokane. One of our 

first goals was to establish the presence of resident macrophages in the 

mammary gland and to isolate and enrich for these macrophages using a novel 

isolation technique. By using immunohistochemistry techniques I was able to 

see that we had in fact isolated a macrophage-like cell population. Two different 

antibodies were used that are specific for antigens that macrophages are known 

to express and revealed some fascinating results. One of the antibodies used 

was specific for the antigen Ham 56. The other antibody used bound to the 

expressed protein CD 68. It was assumed that when same cell population was 

stained two different ways, one using Ham 56 and the other using CD 68, that 

the same staining intensity would be found since both proteins are found in 

macrophages. This was not the case, however, since it appears by these 

results that the Ham 56 and the CD 68 stained oppositely. That is, if a 

population stained highly positive for Ham 56 then it would most often stain with 

very few positives for CD 68 and vice-versa (Tables 1-4). We are not sure to 

what to attribute these results. One possibility is that macrophages may only 

express one of the proteins, either the CD 68 or the Ham 56. If this is the case, 

then there is an extremely high percentage of macrophage-like cells in these 

cultures. Another point of interest was that there also appeared to be a 

relationship between the CD 68 expression and alpha actin smooth muscle
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expression (Tables 1-4). That is, that the amount of alpha actin positives 

seemed to mirror the amount of CD 68 positives. The biological significance is 

not yet understood, and the determination of whether or not these cells are 

coexpressing these antigens would require double-labeling experiments.

The next part of the study was to see if these cells could be stimulated to

release highly reactive oxygen free radicals. As a result of the experiments, it 

was clear that the cells that were isolated do in fact secrete oxygen free radicals 

that can be measured (Fig. 1 & 2). These data support the

immunohistochemical findings of the presence of macrophage populations but 

also suggest that release of oxygen free radicals by macrophage response to 

stimulants is modified following exposure with estrogen.

The many complex cellular steps which are involved in the development 

of breast cancer are not very well understood at this time; however, the 

demonstration of resident mammary macrophages and their activity may be of 

biological significance related to the initiation (early stage) and the progression 

(late stage) of breast cancer. As a result of physiological changes due to 

advancing age, one of the most significant risk factors related to the 

development of breast cancer, the macrophage's role may change overtime as

well.

The supporting evidence is as follows: 1) My data suggest that estradiol 

stimulates macrophage's function by an increase in the release of oxygen free 

radicals following stimulation; 2) There is strong evidence from epidemiological 

and animal studies that estrogen plays a critical role in the early stages of the
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development of breast cancer (initiation); 3) There is a significant increase in 

incidence of breast cancer in postmenopausal versus premenopausal women.

4) At menopause, the level of estrogen drops to nondetectable levels.

The evidence listed above supports the role of macrophages in the 

development of breast cancer in two different ways. The first role is during the 

early reproductive years. The high levels of estrogen could cause the resident 

mammary macrophages to secrete an excess of oxygen free radicals, which 

then could cause damage to nearby epithelial cells. Oxygen free radicals are 

known to cause damage to DNA; therefore, the radicals could increase the 

chances of malignancy (Hart and Turturro, 1992). These malignant cells could 

then enter a latent period because of the inhibitory signals released from normal 

epithelial cells. These malignant cells could remain dormant until the end of a 

woman's reproductive years.

The second role of macrophages in the development of breast cancer 

would occur after menopause with the emergence and growth of the malignant 

cells. These malignant cells could begin to proliferate as a result of two factors: 

the loss of inhibitory factors due to the regression of neighboring epithelial cells 

and the lack of function of tissue-associated macrophages which would normally 

provide defense against abnormal cancerous cells. With this evidence in mind, it 

appears that one of the factors resulting in the increased incidence of breast 

cancer in post-menopausal women may be because of the low to non-existing 

levels of estrogen. It then seems logical that the low estrogen levels may result 

in less oxygen free radical production. The lower amount of free radical
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production seems that it would result in the macrophages not doing their job as 

well as before and would increase the chance of cancer cells slipping by this line

of defense. This idea needs to be further researched.

18
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