1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Carcinogenesis. Author manuscript; available in PMC 2022 November 07.

-, HHS Public Access
«

Published in final edited form as:
Carcinogenesis. 2008 April ; 29(4): 880-886. doi:10.1093/carcin/bgn040.

A protective role of mast cells in intestinal tumorigenesis

Mark J. Sinnamon,

Kathy J. Carter

Department of Cancer Biology, Vanderbilt University, 771 PRB 23rd and Pierce Avenue Nashville,
TN 37232-6840, USA,

Lauren P. Sims?, Bonnie LaFleur?3
Lvanderbilt Microarray Shared Resource, Vanderbilt University, 465 21st Avenue South, MRBIII
Room 9274, Nashville, TN 37232, USA

2Department of Biostatistics, Vanderbilt University, Nashville, TN 37232, USA
3Present address: Department of Pediatrics University of Utah, Salt Lake City, UT 84112, USA

Barbara Fingleton,

Lynn M. Matrisian”

Department of Cancer Biology, Vanderbilt University, 771 PRB 23rd and Pierce Avenue Nashville,
TN 37232-6840, USA,

Abstract

Mast cells have been observed in humerous types of tumors; however, their role in carcinogenesis
remains poorly understood. The majority of epidemiological evidence suggests a negative
association between the presence of mast cells and tumor progression in breast, lung and colonic
neoplasms. Intestinal adenomas in the multiple intestinal neoplasia (Min, APCM*) mouse
displayed increased numbers of mast cells and increased abundance of mast cell-associated
proteinases as determined by transcriptional profiling with the Hu/Mu Protln microarray. To
examine the role of mast cells in intestinal tumorigenesis, a mutant mouse line deficient in mast
cells, Sash mice (c-kitWsMW-=sh \as crossed with the Min mouse, a genetic model of intestinal
neoplasia. The resulting mast cell-deficient Min—Sash mice developed 50% more adenomas than
littermate controls and the tumors were 33% larger in Min-Sash mice. Mast cell deficiency did not
affect tumor cell proliferation; however, apoptosis was significantly inhibited in mast cell-deficient
mice. Mast cells have been shown to act as critical upstream regulators of numerous inflammatory
cells. Neutrophil, macrophage and T cell populations were similar between Min and Min-Sash
mice; however, eosinophils were significantly less abundant in tumors obtained from Min-Sash
animals. These results indicate a protective, antitumor role of mast cells in a genetic model of
early-stage intestinal tumorigenesis.
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Introduction

Mast cells are a group of bone marrow-derived granulocytes most commonly associated with
allergy, though recent studies show them to be involved in a wide range of physiological and
pathological processes (1). Classically, mast cells are divided into two subpopulations based
upon their histochemical properties and anatomical distribution (2). Connective tissue mast
cells are found throughout the skin, peritoneum and intestinal submucosa, whereas mucosal
mast cells (MMCs) are found throughout the epithelial surface of the lung and intestinal
mucosa (3). In addition to anatomical distribution, these two broad classes of mast cells also
differ in their expression of tryptases and chymases (4). Generally, MMC tend to express
both chymases and tryptases, whereas connective tissue mast cell express only tryptases,
though recent evidence suggests that mast cell heterogeneity is broader than just the two
classically defined groups (4).

Mast cell activation, typically by IgE receptor cross-linkage or Toll-like receptor binding
(5), induces mast cells to secrete various proinflammatory mediators (6). These mediators
include cytokines and small molecules involved in leukocyte recruitment and activation,
vasodilation, angiogenesis and mitogenesis (7,8). Conversely, in some circumstances, mast
cells have been demonstrated to limit inflammation and many mast cell-secreted mediators
have both proinflammatory and anti-inflammatory aspects, indicating a central role of mast
cells in modulating inflammation (5). Increased abundance of mast cells has been observed
in various human tumors and is frequently associated with a good prognosis (9,10).

The Min (multiple intestinal neoplasia) mouse, a common model of early intestinal
tumorigenesis, is the result of a single germ line mutation in the tumor suppressor gene
Adenomatous polyposis coli (APC) (11). Mice heterozygous for the APCM allele develop
multiple adenomas throughout the small intestine and colon in 100% of mice carrying the
Min allele. While first identified as the cause of the human hereditary colorectal syndrome
familial adenomatous polyposis, APC mutations are common in the majority of spontaneous
human colorectal cancers (12) and considered to be an initiating mutation (13). Numerous
other genes have been shown to influence the Min phenotype in terms of increasing or
decreasing tumor burden in affected animals (14,15), and the model system is frequently
used in the evaluation of chemopreventative and pharmacologic agents due to its mimicry
of human disease (16,17). Hence, the Min model is a well-validated method for assessing
contributions of various genetic and microenvironmental changes to the development of
intestinal tumors.

Results of microarray profiling of intestinal adenomas revealed a striking increase in

the abundance of mast cell-expressed transcripts as reported here. Because of the
well-established role of inflammation in the development and progression of colorectal
neoplasms (18), we generated a mast cell-deficient Min mouse to examine the role of mast
cells in the early stages of intestinal tumorigenesis.
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Materials and methods

Animal housing, diet and genotyping

Male and female Min (C57BI/6/J-APCMin*) ' Sash (C57BI/6/J-c-kit WS-y and wild-type
littermates (C57BI/6/J) were bred in our laboratory from breeder mice obtained from

The Jackson Laboratory (Bar Harbor, ME). Mice were genotyped for the Min allele by
polymerase chain reaction (PCR) as recommended by the source (The Jackson Laboratory).
Sash mutants were genotyped based on coat color (19). Min—Sash (C57BI/6/J APCMin/
c-kit WsW-sh mice were generated by crossing a male Min mouse with a female Sash
(C57BI/6/3; c-kit V"W mouse. The resulting mice, heterozygous for the Wshallele,
were crossed carrying the Minallele along the paternal lineage. Mice were constantly
maintained on LabDiet 5015 chow (Purina, Richmond, IN), a high-fat diet, which has

been shown to enhance tumorigenesis in the Min system (20) and at 17 weeks of age

were euthanized and their small intestines collected for analysis. All animal studies were
conducted in accordance with Institutional Animal Care and Use Committee approved
protocols.

Intestines were excised from animals, flushed with phosphate-buffered saline, filled with
10% phosphate-buffered formalin and fixed overnight at 4°C. The following day, intestines
were rinsed and immersed in 70% ethanol for long-term storage. Tumors were counted using
a dissecting microscope as described previously (15) by an individual who was blinded to
the genotype of the animals. Groups were compared by determining the change in average
tumor multiplicity per mouse. Tumor diameter at the widest point was measured to the
nearest 100 pm using digital calipers and a dissecting microscope.

Tissue collection, RNA isolation and microarray analysis

Pools of small intestinal adenomas were harvested from the ilea of six 15-week-old Min
mice. To prevent contamination of control tissue with microscopic tumors, normal ileal
tissue was harvested from non-Min littermates for use as control tissue. Samples obtained
from individual mice were processed and analyzed independently.

Tissues were placed into RNAlater solution (Qiagen, Valencia, CA) and stored overnight
at 4°C. The following day, total RNAwas isolated and purified using an RNeasy Mini kit
(Qiagen). Briefly, five adenomas were pooled such that they had a total mass of 150 mg.
Alternatively, for control samples, 150 mg of normal ilea with Peyer’s patches removed
was used. Tissue was rinsed in diethyl pyrocarbonate-treated phosphate-buffered saline to
remove residual RNAlater, then immersed in 2 ml of Trizol reagent (Invitrogen, Carlsbad,
CA) and homogenized using a rotor/stator homogenizer. Trizol-prepared RNA was further
purified by DNase I digestion using a RNeasy Mini kit (Qiagen).

RNA concentration and integrity were measured by the Vanderbilt Microarray Shared
Resource using a NanoDrop ND-1000 Spectrophotometer (NanoDrop Technologies,
Wilmington, DE) and Agilent 2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA),
respectively. Samples showing RNA integrity number of <7.0 were excluded from further
analysis.
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Microarray analysis was performed using the Hu/Mu Protin array, product
#Protease520066F (Affymetrix, Santa Clara, CA) (21). cRNA synthesis, labeling,
fragmentation and microarray hybridization and scanning were performed by the Vanderbilt
Microarray Shared Resource.

Real-time PCR

Real-time PCR analysis of mast cell protease (mcpt) genes was performed on RNA samples
used for microarray analysis to confirm and further examine mcpt expression. cDNA was
synthesized from 1 g of total RNA using an iScript cDNA reverse transcriptase Kit,
following the manufacturer’s instructions (Bio-Rad, Hercules, CA). The resulting cDNA
products were diluted 1:5 using sterile distilled water prior to real-time PCR analysis.
Real-time PCR reactions were performed using 1Q Real-Time Supermix with SYBR Green
(Bio-Rad) on a Bio-Rad iQ5 thermocycler. Reactions were run in triplicate for murine

mcpt gene family members using previously described PCR primers (22) with a standard
two-step amplification program. Fold change was determined by comparing the mean C;
levels between tumor and control samples, and after adjusting for reference gene expression
glyceraldehyde 3-phosphate dehydrogenase (GAPDH), significance was determined by
using a two-sample #test as described previously (23).

Histologic and immunohistochemical analyses

Chloroacetate reaction.—To demonstrate mast cells in tumor and normal tissue, the
chloroacetate reaction (24) was performed using Fast Blue BB (Sigma, St Louis, MO),
counterstained using alum-Kernechtrot (25) and mounted in permount (Sigma). Positive
cells were counted per unit area as measured by NIH ImageJ software.

Immunohistochemistry.—Five micron paraffin-embedded, formalin-fixed sections were
dewaxed and brought to water through graded alcohols. Sections were treated with 0.6%
hydrogen peroxide in methanol to destroy endogenous peroxidase prior to antigen retrieval.
Antigen retrieval was accomplished by microwaving sections for 10 min in a 10 mM sodium
citrate solution, except where noted. Non-specific binding was inhibited by incubation in

a blocking solution (10 mM Tris—HCI, pH 7.4, 0.1 M MgCl,, 0.5% Tween 20, 1% bovine
serum albumin and 5% serum) for 1 h at room temperature. Primary antibodies were diluted
in blocking solution and applied overnight at 4°C. Appropriate IgG controls were used on
adjacent sections to evaluate background staining. Sections were washed with Tris buffered
saline with Tween 20 (150 mM NaCl, 10 mM Tris and 0.05% Tween 20) and incubated with
appropriate biotinylated secondary antibody for 1 h at room temperature. Positive cells were
visualized with an avidin—biotin—peroxidase complex (Vectastain Avidin-Biotin Complex
kit, Vector Laboratories, Burlingame, CA) and 3,3’ -diaminobenzidine tetrahydrochloride
substrate (Sigma). Nuclei were counterstained with Mayer’s hematoxylin (Sigma), washed
in Tris-buffered saline, dehydrated through alcohols, cleared in xylenes and mounted.

Proliferation and apoptosis.—Proliferating cells were detected by
immunohistochemical staining for phospho-histone H3 (Ser10) (Upstate, Lake Placid,
NY). Alternatively, proliferation was measured by staining for bromodeoxyuridine (BrdU)
incorporation. Briefly, mice were given a single injection of 75 mg/kg BrdU in phosphate-
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buffered saline 1 h before killing. Incorporated BrdU was then detected with a monoclonal
antibody (Accurate Chemical, Westbury, NY). Apoptotic nuclei were visualized by
immunohistochemical staining of cleaved caspase-3 (Asp175) (Cell Signaling Technology,
Danvers, MA) and by Terminal deoxynucleotidyl Transferase Biotin-dUTP Nick End
Labeling (TUNEL) staining (Millipore, Billerica, MA).

Leukocytes.—Eosinophils were detected using a monoclonal rat antibody specific to
murine major basic protein, kindly provided by James J.Lee (Mayo Clinic Arizona,
Scottsdale, AZ). Neutrophils were stained using a monoclonal anti-neutrophil antibody
(AbD Serotec, Oxford, UK). T cells were visualized using an antibody recognizing CD3e
(Santa Cruz Biotechnology, Santa Cruz, CA). B cells were detected using a rat monoclonal
antibody to murine B220 (AbD Serotec). Macrophages were demonstrated by staining for
F4/80 antigen using a monoclonal antibody (AbD Serotec).

Mast cells are present in intestinal adenomas of Min mice

As part of a screen to examine proteinases that were differentially expressed in Min
adenomas compared with normal murine small intestine, we used the Hu/Mu Protin
microarray from Affymetrix that contains probe sets for all known human and murine
proteinases (21). The most striking result was the expression of numerous mast cell-related
transcripts that were more abundant in tumor tissue than in normal distal small intestine
(Figure 1A). Real-time PCR analysis of murine mcpt transcripts was performed to confirm
microarray findings, and mcpt-1, -2, -5, -6 and -7 transcripts were found to be significantly
more abundant in adenomas than normal tissue (Figure 1B). To examine the distribution

of mast cells within tumors, chloroacetate staining was performed to demonstrate chymase,
a marker of MMCs (24). Mast cells were only occasionally present in normal intestinal
tissue and, when present, were restricted to the base of the villus. However, in tissue isolated
from tumors, mast cells were found throughout the tumor and surrounding stroma (Figure
1C). As observed previously in a chemical-induced model of colorectal tumorigenesis (26),
mast cell density was enhanced in tumor tissue compared with normal small intestine
(Figure 1D). Combined, these observations demonstrate that mast cell distribution is
changed and abundance is increased in both benign and malignant tumor tissue. Previously,
epidemiological studies have linked high numbers of infiltrating mast cells into tumors with
a positive prognosis (9,10); hence, the hypothesis was that the increase in mast cell density
was evidence of a host protective response to the tumor. To test this possibility, we used a
genetic approach.

Mast cell ablation results in increased tumor multiplicity and size

To examine the role of mast cells in intestinal tumorigenesis, we generated Min—-Sash
(APCMint. c_kitW-sn/W-shy mice. Mice homozygous for the W-shallele at the c-kit locus lack
MM(Cs, though unlike the phenotypically similar c-kit"V/W-v mutants, Sash mice are neither
sterile nor anemic and have normal levels of intestinal T-cell receptor y8 T cells (5). Mice
were raised on a high-fat diet, which has been shown to enhance intestinal tumorigenesis
(20), and were euthanized at 17 weeks of age and the number of adenomas enumerated.
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Min-Sash mice developed on average 52.8 tumors, whereas Min littermates developed 38
tumors, representative of a 36% increase in the average number of tumors per mouse when
mast cells are absent (Figure 2A). Additionally, average tumor diameter was 33% larger in
Min-Sash mice than in Min littermates (Figure 2B). These findings suggest a protective role
of mast cells in intestinal tumorigenesis.

Mast cell deficiency impairs apoptosis of tumor cells

Because tumors were found to be both more numerous and larger in Min—Sash mice,

we examined tumor cell proliferation and apoptosis. Proliferation was assayed by
immunohistochemical staining for phospho-histone H3, a marker specific for late anaphase
and midmetaphase mitosis (27). Proliferation was not statistically different between Min—
Sash and Min littermates (Figure 3A and B). BrdU incorporation, a marker of DNA
synthesis, produced similar results (data not shown). To assess apoptosis, tumors were
sectioned and immunohistochemically stained for cleaved caspase-3, and positive cells per
unit area were compared. Tumors from Sash mice had 33% fewer apoptotic nuclei per unit
area than wild-type controls (Figure 3C and D). TUNEL staining produced similar results
(data not shown). Small differences in apoptotic frequency have been shown to impact
both tumor development (28) and resolution (29). Additionally, inhibition of apoptosis
with no accompanying increase in proliferation has been reported previously to enhance
tumorigenesis in the Min model (30), thus suggesting that mast cells function to inhibit
adenoma formation and growth by directly or indirectly stimulating apoptosis of adenoma
cells.

Tumors from mast cell-deficient mice have reduced eosinophil infiltrate

Mast cells have been shown to induce apoptosis directly and through signaling to other
immune cells (31-35). To determine if the observed difference in apoptosis was the result
of differential immune cell infiltration into the tumor, immunohistochemical staining for
eosinophils, neutrophils, macrophages and lymphocytes was performed. Eosinophils and
neutrophils were found throughout the tumor and adjacent tissue of both Min and Min-Sash
mice; however, fewer eosinophils were present in tumors of Min—Sash mice compared with
Min littermates (Figure 4A). No differences were detected in the number or distribution of
neutrophils (Figure 4B). T cells were primarily detected adjacent to tumor with very few
intratumoral cells, and no difference was detected between Min and Min-Sash mice (Figure
4C). B cell and macrophage staining was exceptionally sparse and virtually all B cells and
macrophages detected were located in adjacent stromal tissue; no difference was detected
between groups (data not shown). In summary, ablation of mast cells correlated with a
decrease in tumor-infiltrating eosinophils but not of any other leukocyte lineage examined.
Overall, our results support a protective role of mast cells in intestinal tumorigenesis and
provide experimental validation of an epidemiological observation.

Discussion

Using microarray analysis to examine differences in protease expression that may contribute
to adenoma development in the Min model system, we observed a striking elevation in
transcripts for mcptsthat could be explained by a robust mast cell infiltrate in these tumors.

Carcinogenesis. Author manuscript; available in PMC 2022 November 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sinnamon et al.

Page 7

Increased mast cell abundance has been observed in numerous tumor types and correlates
with a positive prognosis (9,10,36-38). In the current study, we have demonstrated that
mast cell-deficient animals developed more abundant and larger benign tumors than mast
cell-competent littermates. Furthermore, tumors isolated from mast cell-deficient mice had
diminished numbers of apoptotic nuclei and fewer intratumoral eosinophils when compared
with wild-type littermates, though other leukocyte populations were unchanged between
groups.

The prognostic significance of mast cell infiltration into tumors is controversial with studies
suggesting that high levels of mast cell infiltration can predict a positive (9,10,36,37) or

a negative (39) prognosis in the setting of colorectal and other cancers. In the papers that
reported a positive prognosis, subjects were grouped into cohorts of high and low mast cell
density and subjects with higher mast cell densities correlated with increased survival and

a reduced risk of recurrence as well as decreased incidence of local and distant metastasis.
However, there remains a paucity of /n vivo studies to determine the mechanisms by which
mast cells exert this protective effect.

Data presented here are contrary to a report of a protumorigenic effect of mast cells

in intestinal tumorigenesis induced by the carcinogen 1,2-dimethylhydrazine (26). This
raises the question as to how the previously reported protumorigenic roles of mast cells
can be reconciled with the protective effect observed in the current study? There are
significant differences between the models used in the current study and the study by
Wedemeyer et al. (26), including the mechanism of tumor initiation and subsequent genetic
alterations (16), as well as strain-specific differences in genetic background (40-42). There
may also be differences in the intestinal flora or other microenvironmental factors that
contribute to the discrepancy (43). Tumor-specific and germ line genetic variables, as well
as microenvironmental factors, may contribute to the effect of mast cells in the human
population as well, and the two models probably represent different subsets of the diverse
array of human colonic neoplasms.

The most critical difference between the previous report of a protumorigenic effect of mast
cells compared with our results is probably the stage of the tumors examined. A protective
effect of the immune/inflammatory system is often observed in early-stage tumorigenesis,
whereas in later stages, inflammatory mediators can promote tumor progression (44). 1,2-
Dimethylhydrazine treatment results in malignant carcinomas of the colon, whereas the Min
model produces benign adenomas that are not malignant and do not metastasize. Gulubova
et al. (39) reported epidemiological data that a high density of mast cells in colorectal
cancer was found in association with angiogenic ‘hot spots’ and correlated with decreased
survival and a poor prognosis. Coussens ef al. (45) provided experimental data that an
increase in mast cells resulted in enhanced angiogenesis in a model of squamous epithelial
carcinogenesis. However, it should be emphasized that the proangiogenic role of mast cells
reported by this group was observed using connective tissue mast cells, which are known

to express a different cohort of granular proteins than MMCs (4,46). Thus, in late stage
malignancy, mast cells have been shown to function in a protumorigenic capacity through
the promotion of angiogenesis. In contrast, our data suggest a model whereby in early-stage
tumorigenesis, mast cells function in a protective role by promoting apoptosis of tumor cells.
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Mast cells have been shown to induce apoptosis via degradation of extracellular matrix
components by mast cell produced chymase and granzyme B, leading to epithelial cell
anoikis (32,35). In addition, mast cells have been shown to directly mediate tumor cell
apoptosis via secretion of soluble factors such as tumor necrosis factor (34) or by production
of reactive peroxides (33).

While capable of direct cytotoxicity, mast cells have also been shown to enhance the
cytotoxicity of other granulocytes, and in particular, eosinophils (31). There are multiple
levels at which eosinophils are regulated: generation in bone marrow, emigration from bone
marrow, recruitment to tissue, activation and degranulation and evidence exists for mast
cell-produced factors having the ability to regulate all of these steps. For example, mast
cell-secreted interleukin-5 and stem cell factor have been shown to control differentiation of
hematopoetic precursor cells into eosinophils (47,48). Eosinophil migration, particularly

in the intestine, is largely mediated by the chemokine eotaxin-1, an activity that is

impaired in mast cell-deficient mice (49). Additionally, mast cell-produced chymase has
been shown to induce eosinophil migration /7 vivo (50). Activation and degranulation

of mature eosinophils has been shown to be dependent on mast cell-produced stem cell
factor and leukotriene C,4 (51). Once activated, eosinophils are capable of producing several
soluble factors that have been shown to directly induce apoptosis of tumor cells such

as eosinophil peroxidase, eosinophil cationic protein, major basic protein and granzyme

B (52). In addition, eosinophils have been shown to have immunomodulatory properties
that can ultimately manifest in promaoting epithelial cell proliferation, barrier function or
death (53,54). Further, eosinophil-elicited signaling can function to both stimulate and limit
inflammation and may affect the activity of other host immune cells (53), although in our
model system we observed no difference in the abundance of other leukocytes. Hence, there
are multiple ways in which MMC deficiency can impact eosinophil biology and ultimately
tumor biology.

Based on the correlation between the presence of enhanced numbers of both MMCs and
eosinophils in the intestine of Min mice, our data suggest a model whereby mast cells are
protective in the intestine by affecting tumor cell apoptosis directly and/or indirectly through
the recruitment and activation of eosinophils. This model is supported by reports of mast
cell and eosinophil function in immunosurveillance and by studies that correlate high mast
cell and eosinophil infiltrates with a good prognosis in colorectal cancer (38). Our studies
provide experimental evidence to support the epidemiological observation of a protective
effect of mast cells on colorectal tumorigenesis and expand the role of mast cells in tumor
development to function in an antitumorigenic capacity.
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Fig. 1.

Mast cells are more abundant in Min adenomas than normal small intestine. (A) Several
mast cell-related transcripts are more abundant in tumor tissue than normal small intestinal
tissue. A list of 31 genes found to be differentially abundant between tumor and normal
tissue. Table represents normalized changes between six tumor samples and four normal
controls. Mast cell-associated transcripts are highlighted as bold font and gray shading. (B)
Real-time PCR analyses of the mcpt family of genes. mcpt expression was measured in
tumor tissue and normal control for mcpt1, -2, -4, -5, -6 and -7. Black bars represent
chymase family members and gray bars represent tryptase family members. Reactions
were run for six tumor samples and four normal controls in triplicate. Fold change

was determined in comparison with change in GAPDH. *P < 0.05; **P < 0.005. (C)
Histochemical staining for chymase. Leder’s esterase reaction was employed to visualize
mast cells (dark blue stain) in normal small intestine at low (top left, scale bar indicates 150
um) and high power (top right, scale bar indicates 50 um) and tumor in low (bottom left,
scale bar indicates 320 pm) and high power (bottom left, scale bar indicates 50 pm). Tissue
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was counterstained with Kernetrocht’s nuclear red. (D) Abundance of chymase positive cells
was measured in normal and tumor tissue. Significantly more chymase positive cells were
found in tumor tissue than normal controls; dotted line, mean; **P < 0.005, difference is
statistically significant, Student’s two-tailed #test.
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Fig. 2.
Tumor multiplicity in the small intestine in mice generated from an APCMi*_c-kitW-sh/W-sh

cross. (A) Min-Sash (APCMin/+: ckitW-s/W-sh mice develop significantly more tumors than
Min littermates at 17 weeks of age. A total of 50 Min mice, 16 homozygous for the W-sh
allele, 17 heterozygous for the W-shallele and 17 wild-type for the W-shallele mice were
counted for tumors; line, mean; error bars, 95% confidence intervals. **P < 0.005; ***pP
< 0.0005, differences are statistically significant, Poisson regression. (B) Size distribution
of adenomas from Min (gray) and Min-Sash (black) mice. Tumors were measured with
digital calipers from four Min-Sash mice (n7=209) and five Min (n7= 213) littermate
controls. Tumors from a total of 10 mice, 4 Min-Sash (homozygous for the W-shallele), 1
heterozygous for the W-shallele and 5 wild-type were measured. Min—Sash mice develop
significantly larger tumors than wild-type littermates; £ < 0.05, difference is statistically
significant, repeated measures analysis of variance test.
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Fig. 3.

Apoptosis is inhibited in intestinal adenomas from Min-Sash mice compared with littermate
controls; proliferation is not affected. (A) Intestinal adenomas were assayed for proliferative
cells by phospho-histone H3 immunohistochemistry. Positive cells were counted per unit
area using NIH ImageJ software; line, mean, not significant. (B) Phospho-histone H3
staining (dark brown staining) in tumors isolated from Min (top) and Min-Sash mice
(bottom). Nuclei were visualized by counterstaining with hematoxylin. Scale bar indicates
100 pm. (C) Intestinal adenomas were isolated from Min (n=7) and Min-Sash (n=

7) littermates and stained for cleaved caspase-3, a marker of apoptosis. Positive cells

were counted per unit area as determined by NIH ImageJ software; line, mean, *P<

0.05, difference is statistically significant, Mann—Whitney two-tailed #test. (D) High-power
photomicrograph of caspase-3 immunohistochemistry (dark brown stain) in tumors isolated
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from Min (top) and Min-Sash (bottom) mice (x63), scale bar indicates 50 pm. Nuclei were
counterstained with Mayer’s hematoxylin.
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Fig. 4.
Eosinophils are less abundant in adenomas from Min-Sash mice compared with wild-

type littermates; other leukocyte populations are not affected. Intestinal adenomas were
isolated from wild-type and Min—Sash littermates and profiled for leukocyte populations
by immunohistochemical staining. (A) Immunohistochemical demonstration of major basic
protein-positive cells indicating eosinophils in wild-type (left) and Min—Sash (center) mice.
Scale bar indicates 100 um. Quantitation of eosinophils in Min-Sash mice compared with
Min controls (right); *P < 0.05, difference is statistically significant, Student’s two-tailed
ttest. (B and C) Immunohistochemical demonstration of neutrophils (anti-neutrophil+) (B)
and T cells (CD3e+) (C) in tumor tissue isolated from Min (left) and Min-Sash (center)
mice. No differences were detected between groups (right). Scale bar indicates 100 pm.
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