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Abstract
Objective
Atherosclerosis can be considered as a lipid-driven chronic inflammatory disease of the 
large- and medium sized arteries. Innate mast cells accumulate in the atherosclerotic 
lesion during its development and can take up to 6% of all nucleated cells in rupture 
prone lesions. In the past years, a number of experimental atherosclerosis studies have 
been performed in mice to unravel the contribution of mast cells and their mediators to 
atherogenesis. Frequently, mice have been used with alterations in the stem cell signaling 
pathway like the KitW-sh/W-sh mice, which results in mast cell deficiency. However, it became 
evident that KitW-sh/W-sh mice suffer from bystander defects such as neutrophilia. To study the 
development of atherosclerosis without these side effects, we used a mast cell inducible 
knockout mouse, the Red Mast cell Basophil (RMB) mouse, in which mast cell deficiency is 
independent of stem cell signaling.
Methods and Results
RMB mice were crossed with apoE deficient mice to obtain RMB-apoE-/- mice. In these mice, 
mast cells were depleted by intraperitoneal Diphtheria Toxin (DT) injection or PBS injection 
as a control. Directly after mast cell depletion, mice were placed on a western type diet to 
induce lesion development. Two weeks after the start of the diet, semi-constrictive collars 
were placed around the carotids followed by 4 additional weeks of WTD. At sacrifice, we 
did not detect any differences in body weight, total cholesterol levels or total leukocyte 
counts between mast cell depleted and competent groups. Histological analysis of the 
carotids showed a consistent depletion of mast cells after DT treatment, which coincided 
with a reduction in both lesion size and necrotic core area and an increased collagen 
content. Furthermore, we detected reduced levels of circulating IL-6 and TNFα in mast cell 
depleted mice. 
Conclusions
In this current study we confirmed in a novel mouse model that mast cells contribute to 
the initiation phase of atherosclerotic lesion development.
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Introduction
Mast cells are innate immune cells which are located throughout the body in peripheral 
tissues as skin, gut and within the vascular system [1]. Close to the external environment 
they are one of the first immune cells able to respond to invading pathogens. Mast cells 
are equipped with a variety of receptors that enables them to react within seconds to a 
number of stimuli. IgE-mediated activation is by far the most powerful activation pathway 
of mast cells, which results in the release of preformed mediators such as tryptase, chymase 
and histamine stored within the granules of the cell. The acute release of mediators is 
followed by the secretion of newly synthesized mediators including chemokines and 
cytokines [2]. The role of mast cells in allergy and hypersensitivity is well known, but more 
recent, also the contribution of mast cells to  immune driven disorders such as rheumatoid 
arthritis and atherosclerosis has been identified [3–5]. 
Mast cells accumulate within atherosclerotic lesions at sites of plaque rupture, where 
they can be up to 6% of all nucleated cells [6]. The lesion contains a number of different 
stimuli such as endogenous toll like receptor (TLR) ligands and immune complexes that 
could potentially activate mast cells. For example, oxLDL-immune complexes are able to 
activate mast cells via FcγRs to release tumor necrosis factor (TNFα), interleukin 8 (IL-8) 
and monocyte chemotactic protein 1 (MCP-1), which may enhance the inflammatory 
response within the lesion [7]. Upon activation, mast cells can release proteases like 
chymase and tryptase that are able to degrade collagen as well as HDL and induce 
apoptosis of smooth muscle cells, which will induce and accelerate lesion destabilization 
[8–10]. Likewise, systemic mast cell activation leads to plaque growth and destabilization, 
which can be rescued by the administration of the mast cell stabilizer cromolyn [11]. 
Moreover, atherosclerosis-prone mice deficient for mast cells (LDLr-/-KitW-sh/W-sh) develop 
smaller and more stable lesions compared to control LDLr-/- mice [12]. Although these 
studies demonstrate that mast cells contribute to atherosclerotic lesion development 
and destabilization, the use of KitW-sh/W-sh mice is limited due to the fact that these mice 
with a defect in c-kit signaling suffer from several complications such as neutrophilia 
and expansion of splenic myeloid-derived suppressor cells [13–15]. To circumvent these 
undesired effects, mice have been developed in which mast cell deficiency is induced 
independently of SCF signaling, for example the carboxypeptidase A(Cpa3)-Cre; Mcl-1fl/

fl mice, the mast cell protease 5 (Mcpt5)-Cre+iDTR+ mice and the Red-Mast cell-Basophil 
(RMB) mice [16–19]. Cpa3-Cre; Mcl-1fl/fl mice express Cre recombinase under control of 
Cpa3 promoter, which is combined with a floxed allele of the antiapoptotic factor. This 
combination results in deficiency in mast cells and a marked reduction in basophils. 
Recently, mice have been developed were mast cells can be depleted upon injection 
with diphtheria toxin (DT). Examples are the Mcpt5-Cre+iDTR+ mice and RMB mice that 
co-express the simian DT receptor together with proteins highly expressed by mast cells, 
which are for these two mouse models  Mcpt5 and FcεRIβ, respectively. Administration of 
DT to these mice will causes apoptosis of all cells that express the DT receptor. 
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In the current study we used the RMB mouse model to study the role of mast cells in 
atherosclerosis. In this mouse model, the repopulation kinetics of basophils and mast cells 
after depletion with DT is shown to different. Basophils are depleted relatively shortly (<12 
days), whereas systemic mast cell depletion is maintained for up to 2 months after the 
last DT injection [19]. We crossed these RMB mice with apoE-/- mice to create an inducible 
mast cell knockout on an atherosclerotic-prone background, creating the RMB-apoE-/-. In 
this study we used this mouse model to characterize the contribution e of the mast cell to 
atherosclerotic lesion initiation.

Material & Methods
Mice

All animal work was performed conform the guidelines from the Directive 2010/63/EU of the European 

Parliament. Experiments were approved by the Leiden University Animal Welfare committee. The red mast cell 

and basophil mouse strain (RMB mice, official name: B6.Ms4a2tm1Mal) was provided by the laboratory of dr. P. 

Launay INSERM U1149, Paris, France [19]. These mice express the simian diphtheria toxin receptor under control 

of the promoter of the FcεRIβ gene. Injection of diphtheria toxin induces apoptosis of all FcεRIβ expressing cells, 

which are in mice only basophils and mast cells [20]. The RMB mice were crossed with apoE-/- mice to obtain 

atherosclerosis-prone RMB-apoE-/- mice. 

To systemically deplete all FcεRIβ+ cells, RMB-apoE-/- mice were injected i.p. on day 1, 3 and 8 with 25 ng/g 

bodyweight DT (Diphtheria Toxin Unnicked, C. diphtheriae (Cat #322326, CalBiochem)). Two weeks before the 

start of the experiment, mice received either DT injections as described above to deplete FcεRIβ+ cells or PBS 

as a control.  The efficiency of DT treatment to deplete mast cells was determined by both FACS analysis for 

circulating basophils (CD49b+/FcεRI+/IgE+) three days after last DT injection and by a mast cell staining in the 

carotids and hearts (CAE, Sigma) at end of the study.

At week 0 mice were fed a Western type diet (0.25% cholesterol and 15% cacao butter, SDS, Sussex, UK) for 

total 6 weeks. Two weeks after the start of Western type diet (WTD), perivascular collars were placed around 

both left and right carotid artery, which causes low shear stress and disturbed blood flow at the proximal side 

of the collar that results in endothelial activation, increased endothelial adhesion molecule expression and 

atherosclerotic lesion formation [21]. In short, mice were anaesthetized by subcutaneous injection of ketamine 

(60 mg/kg, Eurovet Animal Health, Bladel, The Netherlands), fentanyl citrate and fluanisone (1.26 mg/kg and 2 

mg/kg respectively, Janssen Animal Health, Sauderton, UK) and a semi-constrictive collar was placed.

At sacrifice, mice were anaesthetized as described above and sacrificed via orbital exsanguination. Fixation 

through the left cardiac chamber was performed with phosphate-buffered saline (PBS). Subsequently, both 

common carotid arteries and the heart were excised and stored in 3.7% neutral-buffered formalin (Formal-fixx; 

Shandon Scientific Ltd, UK) for histological analysis. Serum was obtained for determination of cytokine and 

immunoglobulin levels. Splenocytes, blood and heart lymph nodes were isolated for FACS analysis of leukocytes.

Histology and morphometry

Carotid arteries and hearts were embedded in Tissue-Tek® O.C.T.™ compound (Sakura BV, The Netherlands) after 

which cryosections were prepared. Section of the carotid arteries were stained with hematoxylin-eosin (H&E) to 
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determine lesion size and necrotic core area (in µm2) at the side of maximal stenosis. Lesions in the aortic root 

were quantified in Oil Red-O-stained sections. Mean lesion area (in µm2) was calculated from 6 serial sections, 

starting at the appearance of the tricuspid valves. 

Collagen content was determined by staining with picrosirius red and an enzymatic staining (CAE, Sigma-

Aldrich, Germany) was used for the visualization of mast cells. Perivascular mast cells were counted manually by 

a blinded independent operator. The necrotic core size was defined as the a-cellular, debris-rich plaque area as 

percentage of the total plaque area. The atherosclerotic lesion areas and histological stainings of both carotids 

and aortic root were quantified using the Leica image analysis system, consisting of a Leica DMRE microscope 

coupled to a video camera and Leica Qwin Imaging analysis system (Leica Ltd, UK).

Flow cytometry

At sacrifice, blood was obtained in EDTA tubes and white blood cell (WBC), red blood cell (RBC) and platelets (PLT) 

were determined using an automated Sysmex XT-2000iV veterinary haematology analyzer (Sysmex orporation, 

Kobe, Japan). For flow cytometry analysis, erythrocytes were removed using a specific erythrocyte lysis buffer 

(0.15 M NH4Cl, 10 mM NaHCO3, 0.1 mM EDTA, pH 7.3). 

Blood leukocytes were stained extracellular with four different stains to determine a) monocytes (NK1.1-/

Ly6G-/CD11bhi), inflammatory monocytes (NK1.1-/Ly6G-/CD11bhi/Ly6Chi/CCR2+) and neutrophils (NK1.1-/Ly6Ghi/

CD11bhi), b) basophils (CD3-/CD4-/CD19-/CD8-/CD49b+/IgE+/CD117-), c) T cells (CD3+/CD4+), d) B-cells (CD19+/

B220+). The different used antibodies are summarized in table 1. Antibodies were obtained from (eBiosciences, 

US). Flow cytometry analysis was performed on the FACSCantoII and obtained data was analyzed using FACSDiva 

software (BD Biosciences, US).

Table 1: Antibody panels used for flow cytometry analysis

Staining FITC PE PerCP APC e-Fluor-450

A. NK1.1 

(Clone: PK136)

Ly6G

(Clone: 1A8)

Ly6C

(Clone: HK1.4)

CCR2

(Clone: 475301)

CD11b

(Clone: M1/70)

B. IgE
(Clone: R35-72)

IgE
(Clone: R35-72)

CD3/4/19/8
(dump channel) 

CD49b
(Clone: HMa2)

n/a

C. CD44
(Clone: IM7)

CCR7
(Clone: 4B12)

CD8α
(Clone: 53-6.7)

CD62L
(Clone: MEL-14)

CD4 
(Clone: GK1.5)

D. IgM
(Clone: II/41)

CD45RA
(Clone: RA3-6B2)

CD19
(Clone: eBio1D3)

IgD
(Clone: 11-26c)

CD5
(Clone: 53-7.3)

Serum analysis

Serum cytokine and immunoglobulin levels were determined using a commercially available ELISA kit (BD, US, 

Bethyl laboratories, US). All procedures were according to manufacturer’s protocol.

Serum concentrations of total cholesterol was determined by enzymatic colorimetric assay according to protocol 

of supplier (Roche Diagnostics, US). Precipath (Standardized serum Roche Diagnostics, US) was used as internal 

standard.

Statistical analysis

Data are expressed as mean ±SEM. A 2-tailed Student’s t-test was used to compare individual groups in the in 

vivo studies. A level of P<0.05 was considered significant. 
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Results
No effect of FcεRIβ+-cell depletion on body weight, total cholesterol and leukocyte counts in 
RMB-apoE-/- mice
A schematic overview of the current study is depicted in figure 1a. In short, FcεRIβ+ cells 
were depleted in RMB-apoE-/- mice before induction of atherosclerosis by western type 
diet feeding. DT efficiency was determined by flow cytometry analysis for circulating blood 
basophils. At 3 days after the last DT injection, we observed a population of basophils in 
PBS treated mice and absence of basophils in the DT treated group (Fig. 1b). Subsequently, 
mice were fed a western type diet for a total of 6 weeks, two weeks after start of diet 
mice received perivascular collars to accelerate lesion development. At sacrifice, we did 
not observe weight differences between the PBS and the DT treated group (Fig. 1c). Total 
serum cholesterol level (Fig. 1d), total leukocyte and red blood cell numbers, as well as 
platelet counts (Fig. 1e) did not differ between the mast cell depleted and control treated 
group. 

Figure 1. The effect of FcεRIβ+-cell depletion on body weight, total cholesterol and leukocyte 
counts in RMB-apoE-/- mice
(A) Flow-chart of the in vivo experimental set-up. (B) Gating stratagy of blood basophils and 
summary of all PBS and DT treated mice. (C) Body weight was monitored during the experiment 
in PBS- or DT-treated RMB-apoE-/- (n=15/group). (D) Total serum cholesterol levels were determine 
in PBS- or DT treated RMB-apoE-/- mice at the end of the experiment (n=15/group). (E) Total white 
blood cell (WBC), red blood cell count (RBC) and platelet count was determined in PBS or DT-treated 
RMB-apoE-/- mice at sacrifice (n=15/group). ***P<0.001.
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Depletion of FcεRIβ+ cells reduces lesion size and increases lesion stability in carotid arteries.
Atherosclerotic lesion size and composition in the carotid arteries was analyzed after 4 
weeks of lesion development. Mast cells are the only tissue resident cells that express the 
β-chain of the FcεRI [20]. DT treated RMB-apoE-/- mice showed a complete absence of mast 
cells, while mast cells were present in PBS-treated RMB-apoE-/- mice (Fig. 2a). Quantification 
of the atherosclerotic lesion size in the carotid artery showed that depletion of FcεRIβ+ 
cells led to a 28% reduction in mean lesion size compared to PBS-treated mice (DT: 78.6 
± 7.9*103 μm2 versus PBS: 109.1 ± 8.3*103 μm2, p=0.02, Fig. 2b). Additionally, we analyzed 
the collagen content using a Sirius Red staining and the percentage of necrotic area as a 
measure for plaque stability. Depletion of FcεRIβ+ cells resulted in an increased collagen 
content in the lesions of DT-treated mice compared to PBS-treated animals (DT: 10.7 ± 
1.1% versus PBS: 4.7 ± 0.7%, p=0.0003, figure 2c) and a reduction in the relative necrotic 
core area  (DT: 32.3 ± 4.3% versus PBS: 44.9 ± 4.3%, p=0.02, Fig. 2d).

Figure 2. Depletion of FcεRIβ+ cells reduces lesion size and increases lesion stability in carotid 
arteries.
(A) An efficient depletion of perivascular mast cells was observed in DT-, but not in PBS treated 
RMB-apoE-/- mice (n=15/group). Magnification insert shows mast cells. (B) DT treatment resulted in 
a reduction in lesion size compared to non-depleted mice (n=15/group). The depletion of FcεRIβ+-
cells prior to induction of lesion development coincided with an increase in collagen content (C) 
and a reduction in necrotic core area (D) compared to non-mast cell-depleted mice (n=15/group). 
(D: dotted lines indicate necrotic core). *P<0.05, ***P<0.001.
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FcεRIβ+ cell depletion does not influence lesion size but increases collagen content in aortic 
root.
Similarly as in the carotid arteries, we observed a complete depletion of perivascular mast 
cells in the aortic root of DT-treated mice (Fig. 3a). Analysis of the lesion size in the aortic 
root of PBS and DT treated mice did not reveal any difference in Oil-Red-O positive area 
(DT: 4.7 ± 0.5*105 μm2 versus PBS: 4.1 ± 0.2*105 μm2, p=NS, Fig. 3b). The collagen content in 
the lesions of FcεRIβ+ cell depleted mice was increased compared to mast cell competent 
mice (DT: 16.6 ± 1.6% versus PBS: 9.1 ± 1.6% p=0.006, Figure 3c). We observed a trend 
towards a reduction in necrotic core area in FcεRIβ+ cell depleted mice (Fig. 3d).

Figure 3. FcεRIβ+ cell depletion does not influence lesion size but increases collagen content 
in aortic root. 
(A) An efficient depletion of adventitial mast cells was observed in DT injected RMB-apoE-/- mice 
(n=15/group) Arrows indicate mast cells. (B) Despite the efficient FceRIβ+-cell depletion, no effect 
was observed on lesion size between both groups. (C) Collagen content was significantly increased 
whereas the necrotic core area. (D) was slightly decreased in FceRIβ+-cell deleted mice compared to 
non-depleted mice. **P<0.01 ****P<0.0001.
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Figure 4. Depletion of FcεRIβ+ cells had no effect on circulating leukocytes in the blood.
(A) Circulating innate basophils (CD49b+/IgE+/CD3-/CD19-), Neutrophils (CD11b/Ly6G), Monocytes 
(CD11bhigh/Ly6G-/NK1.1-), Inflammatory monocytes (CD11bhigh/CCR2+/Ly6C+/Ly6G-/NK1.1-) and (B) 
adaptive CD4+ T cells, CD8+ T cells and B-cells (CD19+) in both PBS and DT treated RMB-apoE-/- mice 
(n=15/group).

At sacrifice, flow cytometry was performed on the WBC population to determine the 
numbers of circulating innate immune cells such as basophils, neutrophils, (inflammatory) 
monocytes (Fig. 4a) and adaptive immune cells such as CD4+ T cells, CD8+ T cells and B cells 
(Fig. 4b). As depicted, we did not detect any difference in the analyzed leukocyte subsets 
between PBS and DT treated mice.
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Depletion of FcεRIβ+ cells decreases levels of pro-atherogenic cytokines and increases total IgE 
levels.
In the serum we determined pro-atherogenic mediators such as IL-6, TNFα and MCP-1 
and as well as total IgG and IgE levels. Circulating IL-6 levels were reduced upon depletion 
of mast cells (DT: 218.9 ± 22.7 pg/mL versus PBS: 409.2 ± 40.8 pg/mL, p=0.006), and also 
TNFα levels were reduced (DT: 69.0 ± 5.9 pg/mL versus PBS: 91.9 ± 6.9 pg/mL, p=0.02). 
No differences in circulating MCP-1 were detected between groups. Total IgG levels in 
serum did not differ between FcεRIβ+ cell competent and FcεRIβ+ cell depleted mice. 
However, we did observe an elevated concentration of total IgE in the serum of FcεRIβ+ 
cell depletedmice (DT: 1024.0 ± 28.5 pg/mL versus PBS: 840.8 ± 80.2 pg/mL, p=0.04).

Figure 5. Depletion of FcεRIβ+ cells decreases levels of pro-atherogenic cytokines and 
increases total IgE levels. 
(A) Serum levels of IL-6, TNFα and MCP-1 were quantified in serum of PBS and DT treated RMB-apoE-/- 
mice (n=15/group). (B) Serum levels of total immunoglobulin G (IgG) and immunoglobulin E (IgE) 
(n=15/group). *P<0.05, ***P<0.001.
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Discussion
Mast cells are tissue resident cells located at sites that are in close proximity with the 
external world like the skin or within the gut [1]. Furthermore, mast cells are located 
around blood vessels and can influence vascular homeostasis by the release of several 
mediators, such as proteases, chemokines and cytokines. [4]. Already 60 years ago, mast 
cells have been implicated in cardiovascular diseases among which atherosclerosis [22]. 
Many experimental studies have been performed to unravel the contribution of the mast 
cell and its mediators to plaque initiation, progression and destabilization [11, 12, 23–25]. 
However, these studies were generally performed in mice with mutations in the stem cell 
factor signaling (SCF) pathway, like the KitW-sh/W-sh mice, in which a chromosomal inversion 
causes a disruption of the c-kit (SCF receptor) gene thereby blocking kit expression [13]. 
Since mast cells need SCF signaling for their maturation, proliferation and survival, these 
mice lack mast cells [26]. However, it became evident that SCF is also essential for other 
(non)-immune cells and, as a consequence, these mice suffer from side-effects such 
as neutrophilia [15]. In the current study we used the recently generated red-mast cell 
basophil (RMB) mouse strain, which is independent of c-kit [19]. These mice express the DT 
receptor under control of the promoter of the FcεRIβ-gene, which is expressed exclusively 
by basophils and mast cells. Nonetheless, there is a marked difference in the repopulation 
kinetics reported of these cells after depletion.
At sacrifice, we confirmed this difference in repopulation kinetics as blood basophils were 
completely repopulated while a complete depletion of tissue resident mast cells was still 
observed in DT treated animals at 6 weeks after depletion of FcεRIβ+ cells. Moreover, the 
contribution of basophils to atherogenesis is still largely unknown. Basophils have up to 
now not been demonstrated to be present within the atherosclerotic lesion, which could 
be caused by their limited lifespan due to early apoptosis outside the bloodstream [27]. 
Furthermore, we started the FcεRIβ+ cell depletion 14 days before start of western-type 
diet, and thus the induction of atherosclerotic lesion development, and 4 weeks before 
perivascular collar placement around the carotids. Therefore, we can conclude that the 
observed effects of FcεRIβ+ cell depletion on atherogenesis in this study are most likely 
due to the depletion of tissue-resident mast cells rather than the relative short absence of 
circulating basophils.
A stable atherosclerotic plaque is characterized by the presence of a relatively small 
necrotic core, which is covered by a thick layer of smooth muscle cells that produce 
extracellular matrix molecules such as collagen. In the current study depletion of mast 
cells had no effect on body weight, total cholesterol and total leukocyte count as it 
was comparable to PBS control mice. However, we did observe that mast cell depletion 
resulted in a significant reduction in lesion size and an increase in collagen content in both 
carotid artery and aortic root lesions. Furthermore, the necrotic core area was significantly 
reduced in the carotid arteries and a similar trend was observed in the aortic root in mast 
cell depleted mice. These observations are in line with a previous study that showed that 
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in LDLr-/-KitW-sh/W-sh mice lesions are smaller with a higher collagen content after 12 weeks 
of diet [12]. Mast cell derived IL-6 and IFNγ have been identified to be the key mediators 
in lesion development that study. In addition, we have previously shown that inhibition of 
chymase, one of the mast cell specific proteases, was able to reduce plaque progression 
in apoE-/- mice, which coincided with enhanced collagen content and decreased necrotic 
core size [28]
In our current study we detected a reduction in serum IL-6 in mast cell depleted mice. IL-6 
promotes endothelial dysfunction, SMC proliferation and migration as well as recruitment 
and activation of inflammatory cells, thereby accelerating vascular inflammation [29]. 
Additionally, it was previously demonstrated that IL-6 affects the expression of scavenger 
receptors SR-A and CD36, which are involved in the uptake of oxLDL and thus promotes the 
formation of foam cells, a hallmark of early atherosclerotic lesion formation [30]. However, 
in vivo data discussing IL-6 in atherogenesis are rather contradictory. On one hand it 
was shown that administration of recombinant IL-6 to apoE-/- mice results in accelerated 
atherosclerosis, which coincided with an increase in inflammatory cytokines [31]. On the 
other hand, apoE-/- mice deficient for IL-6 developed larger lesions compared to apoE-/- 

controls. These studies indicate that IL-6 has both pro- and anti-inflammatory functions 
in atherosclerosis and that these functions are tightly balanced, which is essential for the 
immune response outcome during lesion development.
Furthermore, TNFα is an important acute phase cytokine that is implicated in many 
autoimmune disease such as rheumatoid arthritis and also in atherosclerosis. TNFα is 
expressed predominantly by activated macrophages but also by many other local (immune) 
cells like foam cells, smooth muscle cells and mast cells [32–34]. Since macrophages and 
mast cells have either transmembrane bound TNFα or preformed TNFα in their granules 
these cells are able to rapidly release TNFα upon stimulation [34–36]. Therefore, mast cells 
can be a source of TNFα in acute phase reactions [34]. TNFα stimulates both macrophages 
and smooth muscle cells to synthesize matrix proteases resulting in degradation of the 
fibrous cap [37, 38]. Moreover, TNFα is capable of decreasing the suppressive capacity of 
Tregs [39] and mast cell derived TNFα was shown to drive both the hypertrophy of the 
draining lymph nodes and recruitment T cells to the site of infection [40]. In our study, the 
depletion of mast cells coincided with a significant reduction in serum TNFα. Sun et al. 
described that mast cell derived TNFα did not affect atherogenesis [12]. However, TNFα-

/- bone marrow derived mast cells used in that particular study produced relatively higher 
amounts of both IL-6 and IFNγ, i.e. 50 and 30% respectively, compared to wild-type bone 
marrow derived mast cells. Therefore it cannot be excluded that the observed effects on 
lesion size are due to enhanced secretion of these proatherogenic cytokines. Furthermore, 
it has been shown that mice deficient for both apoE-/- and TNFα developed a marked 
reduction in lesion size, which indicates an active involvement of TNFα in atherogenesis 
[41].
Taken together, this study establishes that absence of mast cell before the induction of 
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atherosclerosis is beneficial for both lesion growth and stability as well as for the systemic 
inflammatory milieu. Our data are correspond with previous experimental atherosclerosis 
studies demonstrating a critical role for mast cells in atherogenesis, without effects on 
other hematopoietic cells and shows that the RMB-apoE-/- mouse model can be of great 
value to study the role of mast cells in atherosclerosis. 
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