
Abstract Mast cells and macrophages have an impor-
tant role in immunity and inflammation. Because mice
are used extensively for experimental studies investigat-
ing immunological and inflammatory responses, we ex-
amined mast cell and macrophage distribution in normal
murine tissues. Mast cells were abundant in the murine
dermis, tongue, and skeletal muscle but were rarely
found in the heart, lung, spleen, kidney, liver, and the
bowel mucosa. In contrast, dogs exhibited large numbers
of mast cells in the lung parenchyma, liver, and bowel.
Some murine dermal mast cells had long cytoplasmic
projections filled with granular content. Mouse mast
cells demonstrated intense histamine immunoreactivity
and were identified with histochemical enzymatic tech-
niques for tryptase and chymase. Macrophages, identi-
fied using the monoclonal antibody F4/80, were abun-
dant in the spleen, lung, liver, kidney, and bowel but rel-
atively rare in the heart, tongue, and dermis. Using a nu-
clease protection assay we investigated mRNA expres-
sion of stem cell factor (SCF), a crucial survival factor
for mast cells, and the macrophage growth factors mac-
rophage colony stimulating factor (M-CSF) and granulo-
cyte macrophage colony stimulating factor (GM-CSF).
Stem cell factor mRNA was highly expressed in the mu-
rine lung. Relatively low levels of SCF mRNA expres-
sion were found in the tongue and earlobe, which are tis-
sues containing a high number of mast cells. Macro-
phage CSF and GM-CSF mRNA was highly expressed
in the lung and spleen. The murine heart, an organ with 
a low macrophage content, expressed high levels of 

M-CSF but negligible levels of GM-CSF mRNA. Con-
stitutive growth factor mRNA expression in murine tis-
sues without significant populations of mast cells and
macrophages may suggest an alternative role for these
factors in tissue homeostasis.
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Introduction

Mast cells and macrophages are important effector cells
with an established role in inflammation and immunity.
They are capable of producing proteolytic enzymes and a
wide variety of cytokines and growth factors (Gordon
and Galli 1990; Gordon et al. 1990; Walsh et al. 1991)
that may serve as key regulators of the inflammatory
process and tissue repair. Both mast cells and macro-
phages are constitutively present in many normal tissues
and organs (Kube et al. 1998; Frangogiannis et al. 1999),
especially in locations interfacing with the external envi-
ronment. Resident macrophages in the spleen, lung, liver,
and lymph nodes have an established role in phagocyto-
sis and the immune response, however the role of resi-
dent mast cells is less well understood.

The availability of transgenic animals has increased
the importance of murine studies in investigating biolog-
ical processes (Shapiro 1997). Numerous studies have
examined the inflammatory response using transgenic
and knockout animals in a wide variety of disease mod-
els (Kupper 1996; Kanwar et al. 1998; Gu et al. 2000).
However, the significant interspecies differences in
structure and cellular composition of normal mammalian
tissues are rarely recognized (Weindruch and Masoro
1991; Borisov 1999), potentially leading to conclusions
that may be of limited usefulness in our understanding of
human disease. In addition, significant differences have
been reported between various murine strains and may
affect the regulation of the inflammatory process
(Ghildyal et al. 1994; Rohan et al. 2000). C57/BL/6 mice
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have been commonly used as an investigational tool in
examining the inflammatory cascade (Fritz and Zhao
2001; Kahn et al. 2001). In this study, we sought to de-
scribe in detail the distribution and morphological char-
acteristics of mast cells and macrophages in C57/BL/6
mice. In addition, we examined the expression of stem
cell factor (SCF), a crucial factor for the survival and
growth of mast cells (Galli et al. 1993, 1994; Smith et al.
2001), and of macrophage colony stimulating factor 
(M-CSF) and granulocyte macrophage colony stimulat-
ing factor (GM-CSF), important factors regulating mac-
rophage growth (Wiktor-Jedrzejczak and Gordon 1996),
in normal murine tissues.

Materials and methods

Animal protocols

Eleven normal 8- to 12-week-old C57/BL/6 mice were killed us-
ing an intraperitoneal injection of phenobarbital (40 mg/kg). Eight
mice were used for histological studies and three mice were used
for RNA analysis. The tongue, earlobe, lungs, heart, stomach,
small intestine, liver, spleen, kidney, and skeletal muscle of the
mice were identified and either fixed in Carnoy’s fixative and em-
bedded in paraffin (five animals), or frozen in OCT (three ani-
mals). In three additional mice the tongue, earlobe, heart, lungs,
small bowel, liver, spleen, and kidney were used for RNA extrac-
tion.

In order to compare mast cell distribution between mice and
higher mammals, three normal adult mongrel dogs were killed 
after a rapid intravenous injection of KCl, and segments from the
tongue, earlobe, lungs, heart, stomach, small bowel, liver, kidney,
and skeletal muscle were fixed in Carnoy’s fixative and embedded
in paraffin.

Mast cell staining and quantitation

Histochemical staining with toluidine blue (Sigma, St. Louis, Mo.,
USA; Melinek and Mirolli 1992) and alcian blue/safranin staining
(Valchanov and Proctor 1999) was performed in order to identify
mast cells in normal murine tissues. For toluidine blue staining,
slides were rinsed with PBS (Gibco BRL, Grand Island, N.Y.,
USA) for 10 min, stained with 0.5% w/v toluidine blue (Sigma) in
0.5 N HCl (Baker, Philipsburg, N.J., USA) for 30 min, and count-
erstained for 1 min with eosin (Harleco EM Science, Gibbstown,
N.J., USA). Mast cells were easily identified by the ability of their
granules to exhibit metachromatic staining. Histochemical staining
with alcian blue/safranin was performed by incubating sections for
20 min with a staining solution prepared by mixing alcian blue
(0.36%; Aldrich, Milwaukee, Wis., USA), safranin (0.012%), and
ferric sulfate (0.48% w/v) (both from Sigma) in 0.2 M sodium 
acetate (VWR, Westchester, Pa., USA; pH=1.4). Subsequently
slides were rinsed in deionized water, dehydrated in isobutanol for
2 min (Baker), cleared in xylenes for 1 min, and mounted.

Quantitative analysis of mast cell density in murine and canine
organs was performed by counting the number of toluidine blue-
positive mast cells in ten high power fields (400×). Mast cell den-
sity was expressed as cells/mm2.

Detection of tryptase and chymase enzymatic activity 
in murine tissues

Tryptase amidolytic activity was detected in normal murine tissues
as previously described (Valchanov and Proctor 1999). Frozen
sections were fixed in absolute alcohol (Harleco EM Science) for
10 min at room temperature. Two different substrates were used

with similar results: z-Ala-Ala-Lys-4-methoxy-2-naphthylamide
(Z-AAK-mna) and z-Gly-Pro-Arg-4-methoxy-2-naphthylamide
(Z-GPR-mna) (both from Enzyme System Products, Dublin, 
Calif., USA). Substrate stock solutions were prepared by dissolv-
ing the substrate in dimethylformamide (10 mg/ml; Sigma). Sub-
sequently, the reaction mixture was prepared containing
0.25 mg/ml substrate diluted in Fast Garnet GBC (1 mg/ml in so-
dium acetate buffer, 0.1 M, pH=5.0; Sigma). Sections were incu-
bated with the reaction mixture for 2 h at 37°C. Following incuba-
tion the sections were rinsed under deionized water for 1 min, and
counterstained with methyl green (Sigma; 2% w/v chloroform ex-
tracted) dissolved in 0.1 M sodium acetate, pH 5.0, for 5 min.
Subsequently, the methyl green solution was rinsed off the slides
in deionized water (1 min) and the reaction was developed in an
aqueous solution of cupric sulfate (10% w/v), magnesium sulfate
(10% w/v), and potassium bicarbonate (2% w/v) (all from Sigma)
for 5 min. The slides were then rinsed in deionized water (1 min)
mounted using aqueous mounting media, and examined with a
Zeiss Axioskop light microscope.

In order to demonstrate chymase amidolytic activity the naph-
thol-AS-D chloroacetate reaction was used. The following reagents
were purchased: naphthol AS-D chloroacetate, pararosaniline, 
sodium nitrite, sodium barbitone, (all from Sigma), and aqueous
HCl (2.0 N; Baker Analyzed). Solutions were prepared as follows:
(a) naphthol AS-D chloroacetate solution in dimethylformamide
(10 mg/ml), (b) pararosaniline solution in aqueous HCl (40 mg/ml),
(c) sodium nitrite solution in deionized water (40 mg/ml), and (d)
barbitone solution, 20 ml of a 2.9% w/v sodium barbitone solution
containing 1.9% (w/v) sodium acetate was mixed with 16 ml of an
aqueous 5% v/v HCl solution (2.0 N) in deionized water. Subse-
quently the pararosaniline solution was mixed with the sodium ni-
trite solution (40 mg/ml) in equal volumes. The barbitone solution
was then adjusted to pH 6.13 with 2.0 N HCl. The pararosaniline
solution (0.8 ml) was then mixed with the pH-adjusted barbitone
solution (36 ml). The reaction mixture was prepared by adding
1 ml naphthol-AS-D chloroacetate solution. Frozen tissue sections
were fixed with absolute ethanol for 30 min, incubated with the re-
action mixture for 30 min, then rinsed in deionized water for 1 min.
After counterstaining with hematoxylin (Harleco EM Science) the
sections were rinsed in deionized water (1 min) then in acid ethanol
(Sigma) for 1 min and in Scott’s tap water (0.2% potassium bicar-
bonate, 2% magnesium sulfate in deionized water), mounted, and
examined using a Zeiss Axioskop light microscope.

Immunohistochemistry

Sequential 3- to 5-µm sections from paraffin-embedded samples
were cut by microtomy. Immunostaining with the rabbit antihista-
mine antibody (Research Diagnostics, Flanders, N.J., USA) and
the macrophage-specific rat anti-mouse antibody F4/80 (Serotec,
Oxford, UK; Hirsch et al. 1981) was performed using the ELITE
rabbit and rat kit (Vector Laboratories, Burlingame, Calif., USA),
respectively, as previously described (Frangogiannis et al. 1998,
2000). Briefly, sections were pretreated with a solution of 3% hy-
drogen peroxide (Sigma) to inhibit endogenous peroxidase activity
and incubated with 2% horse serum to block non-specific protein
binding. Subsequently, they were incubated with the primary anti-
body for 2 h at room temperature. After rinsing with PBS, the
slides were incubated for 30 min with the secondary antibody. The
slides were then rinsed with PBS and incubated for 30 min in
ABC reagent (Hsu et al. 1981). Peroxidase activity was detected
using diaminobenzidine (DAB) with nickel (Vector). Slides were
counterstained with eosin. Sections incubated with non-immune
serum were used as negative controls.

RNA extraction

All solutions for RNA analysis were treated with 0.1% diethyl-
pyrocarbonate and sterilized or prepared in diethylpyrocarbonate-
treated water. Total RNA was isolated from whole heart according
to the acid-guanidinium-thiocyanate-phenol-chloroform method
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(Chomczynski and Sacchi 1987). Briefly, whole hearts were 
homogenized in RNA STAT-60 solution (Tel-Test, Friendswood,
Tex., USA). For RNA extraction, 0.2 vol R-chloroform were then
added per volume homogenate. This mixture was incubated on 
ice for 15 min, and then spun at 12,000 g for 15 min at 4°C. The
supernatant was transferred to another tube, and an equal volume
of isopropanol was added for RNA precipitation overnight at 4°C.
The tubes were then spun at 12,000 g for 15 min at 4°C, and the
supernatant was then decanted. The pellet was washed twice with
75% ethanol, briefly dried, and dissolved in 0.1% diethylpyrocar-
bonate-treated water. Quantitation and purity of RNA were as-
sessed by A260/A280 UV absorption, and RNA samples with ratios
above 1.9 were utilized for further analysis.

Ribonuclease protection assay and quantitation

The expression levels of SCF, M-CSF, and GM-CSF were deter-
mined using a ribonuclease protection assay (RPA). A commer-
cially available kit (Riboquant kit; Pharmingen, San Diego, Calif.,
USA) and antisense RNA probe were utilized according to the
manufacturer’s protocol as previously described (Nossuli et al.
2001). Phosphorimaging of the RPA gels was performed with a
Storm 860 phosphorimager (Molecular Dynamics, Calif., USA).
Signals were quantified using Image QuaNT software and normal-
ized to L32.

Results

Mast cell distribution in normal murine tissues

Toluidine blue staining was used to identify mast cells in
normal tissues of C57/BL/6 mice and dogs. Mast cells
were recognized as round, or elongated cells with meta-
chromatic granular staining. Mast cells were abundant in
the murine dermis (Fig. 1A). Many dermal mast cells ex-
hibited long tail-like cytoplasmic projections (Fig. 1B)
filled with granular content. The mouse tongue was par-
ticularly rich in mast cells with a smooth spherical
shape, located throughout the submucosal region, adja-
cent to blood vessels and striated muscle (Fig. 1C). In
the skeletal muscle a significant number of mast cells
was noted in the perimysial and epimysial connective tis-
sue, and in close proximity to vessels. Arteries demon-
strated a significant number of mast cells, almost exclu-
sively localized in the adventitia (Fig. 1D). Mast cells

were extremely rare in the mouse lung parenchyma
(Fig. 1E), but were commonly found around the bronchi.
Few mast cells were found in the murine heart (Fig. 1G),
most located in the epicardial side. The gastric wall con-
tained a significant number of mucosal and submucosal
mast cells. Occasional mast cells were found in the small
bowel submucosa (Fig. 1I). Mast cells were extremely
rare in the intestinal villi (Fig. 1I). Practically no mast
cells were noted in the hepatic parenchyma (Fig. 1K).
Occasional mast cells were noted in the murine kidney
(most located in the renal capsule) and spleen (predomi-
nantly found in the red pulp or the perifollicular zone).
Comparison of the mast cell distribution between mice
and dogs showed some striking differences. In contrast
to mice, normal dogs exhibited a high mast cell density
in the lung (Fig. 1F; Table 1), small bowel mucosa and
submucosa (Fig. 1J), and liver (Fig. 1L). However, the
canine spleen and kidney demonstrated only rare mast
cells, like their murine homologues (Table 1). 

Phenotypic characteristics of murine mast cells

Alcian blue/safranin staining identified connective tissue
type mast cells in murine tissues. Dermal (Fig. 2A),
tongue, skeletal muscle (Fig. 2B), and cardiac mast cells
showed positive staining for safranin. In the murine
stomach, mucosal alcian blue-positive safranin-negative
mast cells (Fig. 2C) and submucosal safranin-positive
connective tissue-type mast cells were noted (Fig. 2D).
In the murine bowel we found very few safranin-positive
submucosal mast cells. Mucosal bowel mast cells could
not be specifically identified with this method due to the
intense alcian blue staining of intestinal goblet cells. In
contrast, goblet cells in the mouse lung demonstrated
much weaker alcian blue staining.

Immunohistochemical staining demonstrated intense
histamine immunoreactivity in murine mast cells
(Fig. 3). We also examined expression of tryptase and
chymase enzymatic activity in murine mast cells using
established histochemical techniques. We localized trypt-
ase activity in connective tissue mast cells in the murine
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Table 1 Comparison of the mast cell density (cells/mm2) in various anatomical sites of C57/BL/6 mice, dogs, rats (Tsai et al. 1991), and
WCB6F1- +/+ mice (Ando et al. 1993). (M Mucosa, S submucosa, NR not reported)

Anatomical site C57/BL/6 mouse Dog WCB6F1- +/+ mouse Rat

Liver 0 45.4±18 0 3.6±0.4
Kidney 0.19±0.03 0.03±0.03 NR NR
Spleen 0.58±0.09 0.7±0.3 1±0.2 0.07±0.02
Skeletal muscle 13.1±2.1 3.5±1.3 NR NR
Tongue 14.5±2.6 23.8±4 NR NR
Heart (LV) 0.6±0.2 6.8±1.6 0.7±0.1 NR
Skin (dermis) 135±16.7 24.5±1.9 275±11 26±3
Stomach M: 14.4±4.2 M: 332±40.9 M: 27±5 M: 12±3

S: 12.2+5.5 S: 65.8+12.1 S: 140±18 S: 45±8
Small bowel M: 1.3±0.9 M: 154.5±42.1 NR M: 38±12

S: 1.7±0.5 S: 93+37.8 S: 19±4
Lung 0.09±0.07 62.2±28.5 0 7±0.4
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Fig. 1A–L Toluidine blue staining identifies mast cells in normal
murine and canine tissues. A, B Abundant mast cells were noted
in the murine dermis. Some of these mast cells exhibited long 
cytoplasmic projections (arrows) filled with granular material. 
C The tongue contained many round densely granulated mast cells
(arrows). D Arterial trunks demonstrated a significant number of
mast cells (arrows), almost exclusively located in the adventitia. 
E Very few mast cells (arrow) were noted in the murine pulmo-
nary parenchyma. F In contrast, the canine lung demonstrated a

significant number of mast cells (arrows). G Occasional mast 
cells were found in the murine heart (arrows). H Canine cardiac
mast cells were more numerous and usually found around vessels.
I The murine bowel contained a small number of mast cells in the
submucosa (arrows) and the mucosa (arrowhead). J The canine
bowel had a large number of mucosal (arrowheads) and submu-
cosal (arrows) mast cells. K Mast cells were very rarely found in
the mouse liver. L In contrast, abundant mast cells were found in
the canine liver (arrows). Scale bar 25 µm



tongue (Fig. 4A) and skin (Fig. 4B). Furthermore, naph-
thol AS-D chloroacetate staining indicated the presence
of chymase enzymatic activity in the cytoplasmic gran-
ules of mast cells in all organs examined. Figure 5 dem-
onstrates chymase-expressing mast cells in the mouse
tongue (Fig. 5A), earlobe (Fig. 5B), bowel (Fig. 5C), and
spleen (Fig. 5D). 

Macrophages in control murine tissues

Staining with the monoclonal antibody F4/80 identified
resident macrophages in murine organs as previously 
described (Hume and Gordon 1983; Hume et al. 1983).
The splenic red pulp was rich in F4/80-positive cells
(Fig. 6A). The lung parenchyma was filled with alveolar
macrophages (Fig. 6C), whereas only few F4/80-positive
cells were found in the heart. The liver contained a large
population of macrophages (Fig. 6B). The bowel showed
high numbers of macrophages in the lamina propria and
the submucosa (Fig. 6D). Significant numbers of macro-
phages were noted in the skeletal muscle and the kidney
(data not shown). In contrast, macrophages were less
commonly found in the tongue and the earlobe, where
large mast cell populations have been identified.
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Fig. 2A–D Mast cell staining with alcian blue/safranin. A Dermal
mast cells showed many safranin-positive granules. B Skeletal
muscle mast cells were strongly positive for safranin. C In the
gastric mucosa relatively few safranin-negative mast cells were
found. D In contrast, submucosal gastric mast cells were safranin
positive. Scale bar 15 µm

Fig. 3 Murine mast cells demonstrate intense immunoreactivity
for histamine. Peroxidase-based immunostaining with antihista-
mine antibody identifies mast cells in the murine tongue (arrows).
Scale bar 25 µm

Fig. 4A, B Murine mast cells show tryptase enzymatic activity.
Mast cells (arrows) in the murine tongue (A) and dermis (B) are
identified using an enzymatic technique for tryptase. Scale bar
20 µm

Fig. 5A–D Murine mast cells show chymase enzymatic activity.
Abundant mast cells in the tongue (A) and dermis (B) are identi-
fied using naphthol AS-D chloroacetate staining. C Few mast cells
were identified in the bowel submucosa (arrows). D The spleen
showed occasional mast cells predominantly located in the red
pulp (arrow). Scale bar 20 µm



Expression of SCF, M-CSF, and GM-CSF mRNA 
in normal murine tissues

Utilizing a nuclease protection assay we examined consti-
tutive expression of SCF mRNA in normal murine tissues
(Figs. 7, 8A). High SCF mRNA synthesis was noted in the
lung, with lower levels in the spleen, bowel, heart, and
tongue. Macrophage CSF mRNA expression was found in
all tissues examined and was especially high in the lung,
spleen, heart, and tongue (Figs. 7, 8B). High-level consti-
tutive expression of GM-SCF mRNA was noted in the
lung. In contrast the normal murine heart contained negli-
gible amounts of GM-CSF mRNA (Figs. 7, 8C). 

Discussion

Mast cells in normal tissues

When Enerback recognized distinct mast cell subpopula-
tions in the rat based on fixation-dependent histochemical
staining characteristics (Enerback 1966), the substantial
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Fig. 6A–D Identification of murine macrophages using the anti-
body F4/80. A Macrophage staining in the murine spleen. B He-
patic macrophages stained with F4/80. C Alveolar macrophages.
D Macrophages in the murine bowel are predominantly localized
in the lamina propria and the submucosa. Scale bar 50 µm

Fig. 7 Nuclease protection assay shows constitutive growth factor
mRNA expression in mouse tissues. Note that the normal mouse
heart shows significant expression of macrophage colony stimulat-
ing factor (M-CSF) and stem cell factor (SCF) mRNA but negligi-
ble granulocyte macrophage colony stimulating factor (GM-CSF)
mRNA synthesis. In contrast, the lung demonstrates high constitu-
tive mRNA levels for all three growth factors. H Heart, Lu lung,
Li liver, S spleen, K kidney



heterogeneity of mast cells became evident. More recent-
ly, differences in protease expression within anatomically
distinct mast cell populations were recognized (Stevens et
al. 1994; Friend et al. 1996; May 1999). Rodent mast
cells were identified as connective tissue-type mast cells
or mucosal-type mast cells. We present a detailed descrip-
tion of the distribution and the morphological characteris-
tics of mast cells in control tissues from C57/BL/6 mice,
a strain commonly used for investigations of the inflam-
matory response (Nossuli et al. 2001), and compare mast
cell density in mouse organs with other mammalian spe-
cies (Table 1). Large numbers of mast cells were found in
the murine tongue and dermis as previously described
(Majeed 1994). Dermal mast cells often exhibited long
cytoplasmic projections, a feature recently identified in
dendritic mast cells described in the human nasal mucosa

(Jacobi et al. 1998). In contrast, mast cells in other mu-
rine organs were round or elongated granular cells with-
out cytoplasmic projections, suggesting that mouse mast
cells demonstrate significant heterogeneity with respect
to their morphological features.

Murine parenchymal organs showed relatively low
numbers of mast cells. The mouse lung had practically no
alveolar mast cells. In contrast, significant numbers of mast
cells were found in close proximity to the bronchial smooth
muscle, supporting the potential role of mast cell mediators
in regulating airway reactivity. Rare mast cells were found
in the murine heart, predominantly localized in the epicar-
dial half of the myocardium. Numerous mast cells were
noted in the murine skeletal muscle, predominantly located
in the endomysial and perimysial connective tissue. Vascu-
lar trunks were also commonly associated with a large
number of adventitial mast cells. Mast cells were rarely
found in the spleen and kidney, whereas they were practi-
cally absent in the murine liver. A significant mast cell
population was found in the mouse stomach and a much
smaller one in the intestine (Table 1). Mucosal mast cells
were rarely found in the normal murine gut, which is con-
sistent with previously reported findings (Ruitenberg and
Elgersma 1976; Friend et al. 1996). In contrast, helminth-
infected rodents show a pronounced increase in the number
of intestinal mucosal mast cells (Miller and Jarrett 1971;
Friend et al. 1996, 1998; Scudamore et al. 1997), exhibit-
ing a reactive phenomenon related to the expression of 
T-cell-derived cytokines and leads to a greater than 25-fold
increase in mast cell density throughout the villi.

Mast cell distribution in various anatomical sites of
C57/BL/6 mice was quite similar to the mast cell content
reported in WCB6F1- +/+ mice (Ando et al. 1993), 
the wild-type littermates of mast cell-deficient mice 
(Table 1). However, comparison with the mast cell distri-
bution in other mammals revealed striking differences:
in contrast to mice, dogs have significant mast cell popu-
lations in the bowel (Fig. 1J), lungs (Fig. 1F), and liver
(Fig. 1L). In addition, normal rats show significant num-
bers of mast cells in the bowel mucosa and submucosa
(Tsai et al. 1991; Table 1). These findings show signifi-
cant species-specific differences in mast cell distribution
and density in various anatomical sites, suggesting cau-
tion in extrapolating findings derived from experiments
in mice to higher mammals.

Mast cell protease expression

Tryptase and chymase are synthesized in large quantities
by mast cells and appear to participate in a variety of 
inflammatory processes (Caughey 1989; Welle 1997; 
Coussens et al. 1999). Murine mast cells exhibit chymase
and tryptase enzymatic activity in the tongue, earlobe, and
stomach (Wolters et al. 2001). Which chymase a mast cell
expresses in the BALB/c mouse seems to be dictated by
both the current and previous microenvironments of the
cell (Friend et al. 1996, 1998; Xia et al. 1996). Friend and
colleagues recently reported that the mast cells in the jeju-
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Fig. 8 Quantitative analysis of SCF (A), M-CSF (B), and GM-
CSF (C) mRNA expression in normal mouse tissues. H Heart, 
Lu lung, Li liver, S spleen, K kidney, B bowel, T tongue, E earlobe



num of Trichinella spiralis-infected BALB/c mice undergo
time- and strata-dependent changes in their expression of
the three chymases mMCP-1, mMCP-2, and mMCP-5
(Friend et al. 1996). In addition, strain-specific differences
in protease expression by murine mast cells have been re-
ported (Ghildyal et al. 1994), and may reflect intrinsic ab-
normalities of the mast cell-committed precursors. Our ex-
periments demonstrated the presence of chymase and try-
ptase enzymatic activity in connective tissue-type mast
cells located in the murine tongue, earlobe, spleen, and
bowel. Recently Valchanov and colleagues reported the
presence of mast cells with tryptase activity in the gastric
but not the intestinal mucosa of adult C3H, WHT, and C3A
mice (Valchanov and Proctor 1999). Mucosal mast cells
were extremely rare in the intestine from normal C57/BL/6
mice, thus, we were unable to assess their protease content.

Distribution of macrophages in murine organs

The monoclonal antibody F4/80 specifically identified
murine macrophages, as previously described (Hume
and Gordon 1983; Hume et al. 1983). As expected a
large population of F4/80+ cells was found in the splenic
red pulp. Macrophages in the liver, lung, bowel, and kid-
ney were also identified and were much more numerous
than mast cells in the same anatomical locations. In con-
trast, macrophages were less numerous than mast cells in
the tongue and earlobe.

Constitutive expression of SCF, M-CSF, 
and GM-CSF in normal murine tissues

Support of mast cell and macrophage growth in normal tis-
sues requires the constitutive expression of specific growth
factors, crucial for their survival and growth. Stem cell fac-
tor (Galli et al. 1994), also termed c-kit ligand, is a pleio-
tropic growth factor involved in the early stages of hemato-
poiesis, which is important for mast cell chemotaxis 
(Meininger et al. 1992), differentiation, and survival 
(Iemura et al. 1994; Galli et al. 1995). Macrophage-CSF
and GM-CSF (Wiktor-Jedrzejczak and Gordon 1996) are
critical for macrophage growth and survival. We examined
the constitutive expression of SCF, M-CSF, and GM-CSF
in normal murine tissues, where they may create the micro-
environment necessary to support mast cell and macro-
phage survival. Surprisingly, SCF was highly expressed in
the lungs. Relatively low levels of constitutive SCF mRNA
expression were found in other organs examined, suggest-
ing that even in tissues with a high mast cell content (such
as the earlobe and the tongue), low-level SCF mRNA syn-
thesis is sufficient to support mast cell survival.

Our experiments also examined constitutive expression
of M-CSF and GM-CSF mRNA in normal mouse tissues.
High levels of M-CSF mRNA expression were found in
the murine lung, heart, spleen, and tongue. This is consis-
tent with previous studies (Troutt and Lee 1989; Roth et al.
1997) demonstrating constitutive levels of M-CSF expres-
sion in the lung, spleen, and heart with lower levels in the

kidney and intestine. Our experiments clearly demonstrate
that relatively small amounts of M-CSF mRNA synthesis
are sufficient to support the large macrophage populations
found in the liver and intestine. In addition, tissues with a
relatively low macrophage content such as the heart, show
significant constitutive expression of M-CSF. In the mu-
rine lung GM-CSF expression was particularly high, con-
firming previous experiments (Troutt and Lee 1989). In
addition, the murine heart, an organ with relatively high
M-CSF expression, exhibited negligible amounts of con-
stitutive GM-CSF mRNA synthesis. Colony-stimulating
factors (Sieff et al. 1988) and SCF (Heinrich et al. 1993)
are constitutively expressed by a variety of cell types and
may have an important role in regulating the distribution
and function of the monocyte/macrophage and the mast
cell system.
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