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An immunohistochemical approach for monitoring
effects of exercise on tumor stromal cells in old mice
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Epidemiological evidence supports a protective effect of physical activity for breast cancer in older women,

but the mechanisms are not well understood. We used 18-month-old BALB/c mice injected in the mammary fat

pad with syngeneic 4T1 tumor cells as a model of invasive breast cancer. During the tumor progression phase,

there was a significant decrease in labeling for F4/80, a marker for mouse macrophages, and CD34, a marker

for vascular endothelial cells, in primary tumors from mice that ran higher average distances compared to mice

that ran lower average distances (p50.05). These observations suggest that immunohistochemistry can be used

to monitor stromal cell populations in tumors from old mice under exercise conditions.
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S
tromal cells are important systems that support

tumor cell growth and metastasis (1). We used

18-month-old BALB/cBy mice (obtained from the

National Institute on Aging) orthotopically implanted

with 4T1 breast cancer cells as a model to study the effect

of exercise on stromal cell populations. The 4T1 breast

cancer cell line in mice is highly invasive, with the ability

to metastasize to lungs, brain, liver, bone, lymph nodes,

and blood, similar to triple negative invasive breast

cancer in women (2).

Mice were randomly selected, with 15 mice in the

running group. Runners were given access to free running

wheels in individual cages as previously described (3). We

monitored the running activity continuously for 60 days.

4T1 cells (ATCC, Manassas, VA), cultured under stan-

dard laboratory conditions, were injected at a concentra-

tion of 1�104 cells into the 4th mammary fat pad of each

mouse. Mice were allowed to run another 30 days when

the experiment ended. Running wheels (measuring 15.5

cm by diameter) transmitted electronic signals wirelessly

to a monitoring hub (Med Associates ENV-044, Ver-

mont) and raw data were exported to Microsoft Excel for

processing. The distance ran by each mouse was calcu-

lated as (3.14�15.5 cm�number of revolutions)/(100 cm

per m�1,000 m per km). Mice were housed in a standard

rodent room within a specific pathogen-free (SPF) barrier

facility with 12-hour light and dark cycles. Ambient

temperature in the room was kept at 70�748F. Mice were

fed standard rodent chow (5,053; Picolab, Richmond, IN)

and water ad libitum. The experimental protocol was

reviewed and approved by the Institutional Animal Care

and Use Committee at the University of Washington,

Seattle.

At 30 days post-tumor cell injection, mice were eu-

thanized by CO2 asphyxiation. Carcasses and mammary

tumors were weighed to obtain tumor burden, defined

as tumor weight normalized to carcass weight. The breast

tumor from each mouse was fixed in 10% neutral-buffered

formalin. Immunohistochemistry was performed as pre-

viously described using paraffin-embedded tumor sections

(4). Primary antibodies to specific markers were incubated

at 1:50 for 1 hour. Sections were blocked in 15% goat/5%

mouse serum. BGA rat secondary antibodies (Jackson

ImmunoResearch Labs Inc., West Grove, PA, USA) were

used and incubated at 1:200 for 30 min and slides then

counterstained with hematoxylin. Digital images were

captured using a Nikon Eclipse E400 bright field micro-

scope (Nikon Corporation, Tokyo, Japan) attached with a
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Nikon Coolpix 995, digital camera (Nikon Corporation,

Tokyo, Japan; 3.3 megapixels, resolution 2,048�1,536

pixels). Five random images at 60� magnification were

captured per tumor sample under blinded conditions and

saved in JPG (Joint Photographic Experts Group) format.

The number of labeled cells was also determined blindly

and independently by two co-authors of this paper (CPB

and WL) by counting positive cells in a grid of eight

squares encompassing the entire plane of view at 20�
magnification per slide using five random field views. The

labeling index was calculated as the average percentage of

stained cells relative to unstained cells. Student’s t-test was

used to detect significant differences between groups.

During the tumor progression phase of 4T1 breast

cancer in old BALB/c mice, we observed significant

differences in labeling for F4/80, a marker for mouse

macrophages, and CD34, a marker for vascular endothe-

lial cells, in primary tumors from mice that ran higher

average distances compared to mice that ran lower average

distances, p50.05, N�2, from four mice (Table 1). It can

be seen that macrophages are much less frequent in a

tumor from a long-distance runner (Fig. 1a) compared to a

tumor from a short-distance runner (Fig. 1b). The decrease

in CD34 labeling in a long-distance runner (Fig. 1c)

Table 1. Stromal cell populations are decreased in tumors from

mice that ran further distances after 4T1 tumor cell injection,

that is, during the tumor progression phase

Percent labeling

Average daily

distance ran (km)

F4/80 CD34 Caspase 3 Ki67

1.6 4195* 4898* 2499 3397

4.8 1996* 2593* 1897 42910

During this time, short-distance runners ran an average of

1.6 km/day while long-distance runners ran an average of 4.7

km/day. Labeling for F4/80, a marker for macrophages, and

CD34, a marker for vascular endothelial cells, was decreased

in primary tumors from long-distance runners compared to short-

distance runners (N�4, *p50.05). The number of labeled

cells was determined in a blinded manner, and independently

by two co-authors of this paper (CPB and WL). Positive cells

were counted in a grid of eight squares that encompassed

the entire plane of view, at 20� magnification per slide using

five different field views. Labeling was calculated as the aver-

age percentage of positive cells, relative to non-stained cells.

No statistical differences between groups were observed for

Caspase 3, a marker for apoptosis, or Ki67, a marker for cell

proliferation.

Fig. 1. Tumors from long-distance runners had decreased labeling for macrophages and vascular endothelial cells compared to short-

distance runners. (a) and (b) Reddish brown stains show greatly reduced F4/80 positive macrophages in tumor tissue from a long-

distance runner, but increased cell numbers in tumor tissue from a short-distance runner, respectively. (c) and (d) Reddish brown stain

shows greatly reduced CD34 positive vascular endothelial cells in tumor tissue from a long-distance runner, but an extensive increase in

these cells in tumor tissue from a short-distance runner, respectively.
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compared to a short-distance runner (Fig. 1d) suggests

that increased running distance was also associated with

decreased vascularization. There were no significant

correlations between running distance and labeling for

cell proliferation (Ki-67) or apoptosis (Caspase 3) in

primary tumors (Table 1), suggesting that exercise training

might be targeting stromal cell populations. Even though

pre-tumor running was associated with an anti-tumor

effect in a distance dependent manner (5), no correlation

was seen between tumor burden and running distance

during the tumor progression period. It is possible that the

rapid and aggressive tumor growth may have overwhelmed

any anti-tumor effects by suppressed stromal cells. How-

ever, there were no significant correlations between dis-

tance ran before tumor injection and labeling for F4/80

and CD34 as well as for Ki67 and Caspase 3 in primary

tumors collected at the termination of the study (data not

shown) suggesting other unknown mechanisms are likely

responsible for the antitumor effects of pre-tumor running.

These observations suggest that immunohistochemis-

try can be used to monitor stromal cell populations in

tumors from old mice under exercise conditions, and

further support the concept of using old mice for

modeling in preclinical cancer studies.
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