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Abstract

Angiotensin (Ang) II is a potent mediator of both hypertension and cardiac damage however the

mechanisms by which this occur remains unclear. B-cell lymphoma/leukemia 10 (Bcl10) is a

member of the CBM signalosome, which links Ang II and NF-κB signaling. We hypothesized that

Bcl10 is pivotal in the pathogenesis of Ang II-induced cardiac damage. Ang II infusion in mice

lacking Bcl10 resulted in reduced cardiac fibrosis, less cellular infiltration and improved

arrhythmogenic electrical remodeling, despite a similar degree of hypertension or cardiac

hypertrophy. Adoptive transfer of bone marrow (BM), whereby Bcl10 KO or wildtype BM was

transferred to their opposite genotype recipients, revealed the dual-importance of Bcl10 within

both cardiac and immune cells. Loss of Bcl10 in cardiac cells resulted in reduced expression of

genes important for the adhesion and recruitment of immune cells. In vitro experiments
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demonstrated that adhesion of monocytes to Ang II-treated endothelial cells also required Bcl10.

Additionally, Bcl10 deficiency in macrophages reduced their intrinsic migratory ability. To

address the role of BM-derived fibroblasts in the formation of cardiac fibrosis, we explored if

Bcl10 is also important for the infiltration of BM-derived (myo)fibroblasts into the heart. The

transfer of GFP+ wildtype BM into Bcl10 KO recipient mice revealed a reduced number of non-

cardiac (myo)fibroblasts compared to those wildtype recipients. Our results demonstrate the

significant role of Bcl10 in multiple cell types important for the generation of Ang II-induced

cardiac damage and electrical remodeling, and may provide a new avenue for therapeutic

intervention.
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INTRODUCTION

Hypertension promotes cardiomyocyte growth, cardiac hypertrophy, and arrhythmias.1,2 In

several hypertension models, monocytes/macrophages and T lymphocytes infiltrate the

perivascular region of the heart and initiate perivascular and interstitial extracellular matrix

formation.3 More recently, macrophage and T-cell subsets have been implicated in the

pathogenesis of hypertension and cardiovascular remodeling.4,5,6 Angiotensin (Ang) II-

initiated inflammation is involved in these processes,7,8,9 particularly in the heart.10 Ang II

activates the nuclear factor kappa light chain enhancer of activated B cells (NF-κB), a major

transcription factor regulating various aspects of inflammatory responses.11 We have shown

previously that NF-κB is upregulated in Ang II-dependent target-organ damage12 and that

pharmacological NF-κB inhibition,12 or endothelial-specific NF-κB inhibition reduced

target-organ damage independent of blood pressure.13

Despite the large amount of knowledge that connects Ang II and NF-κB signaling, the exact

molecular mechanism as to how the activated Ang II receptor signals to NF-κB remains

unclear. A previously undescribed signaling pathway has recently been shown to mediate

Ang II-dependent activation of NF-κB. In this signaling pathway, three major proteins are

involved: caspase recruitment domain (CARD) 10 (also known as CARMA3, for CARD-

MAGUK (membrane-associated guanylate kinase)), B-cell lymphoma/leukemia 10 (Bcl10),

and mucosa-associated lymphoid tissue lymphoma translocation protein 1 (MALT1).

Together, these three proteins comprise the CBM signalosome.14 Originally Bcl10 was

identified as a target of a chromosomal translocation in MALT lymphomas15 and was linked

to normal lymphocyte function as a member of the CARMA1-containing CBM signalosome

utilized by lymphocytes.16 However, Bcl10 functions as part of a CARMA3-containing

CBM signalosome outside of the immune system. Of particular relevance to cardiovascular

biology, Bcl10 deficient ApoE−/− mice were protected from developing Ang II-dependent

atherosclerosis and aortic aneurysms.17

Until now, no studies have investigated the role of the CBM signalosome in Ang II-

mediated cardiac damage. In this study, we investigated the role of Bcl10, the bridging
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molecule of the CBM signalosome, and further aimed to discriminate its role in immune

cells and in the heart in Ang II/hypertension-induced cardiac damage, including cardiac

fibrosis and electrical remodeling.

METHODS

Detailed description of methods is available in the online Data Supplement.

RESULTS

CBM signalosome expression in target organs

We first confirmed the expression of the CBM signalosome components in Ang II

responsive tissues in WT mice. Similarly to published data,14 we found high expression of

CARMA3, Bcl10 and MALT1 in the heart, kidney and liver, whereas CARMA1 was

restricted to lymphoid organs such as the spleen (Figure S1). Infusion of Ang II in any of

our study groups did not change the expression of the signalosome in the heart (Figure S2).

Lacking Bcl10 leads to reduced NF-κB activation in the heart

Intraperitoneal injection of Ang II led to increased NF-κB activity in the heart of WT mice,

while this increase was reduced in the heart of the Bcl10 KO mice as measured by EMSA

(Figure S3A–C).

Bcl10 deficiency is protective despite hypertension

Both WT and Bcl10 KO mice were normotensive and showed no difference in blood

pressure at baseline measured by radiotelemetry. Ang II infusion led to similarly high blood

pressure in both WT and Bcl10 KO animals (Figure 1A). Accordingly, both groups of mice

developed a similar degree of cardiac hypertrophy defined by echocardiography (Figure 1B

and Table S2), heart weight-to-body weight ratio (Figure 1C), heart weight-to-tibia length

ratio (Figure S4A) and by the hypertrophy markers brain natriuretic peptide (BNP; Figure

1D) and atrial natriuretic peptide (ANP; Figure S4B). Despite the high blood pressure, Ang

II-treated Bcl10 KO mice showed less CD4+ and CD8+ T cell and macrophage infiltration

(Figure 1E) and developed significantly less perivascular (Figure 1F) and interstitial (Figure

1G) cardiac fibrosis compared to Ang II-infused WT counterparts. Quantification confirmed

the histological results (Figure 1H and 1I). Next, we determined the expression levels of

genes known to mediate cardiovascular remodeling including fibrosis. Ang II infusion led to

increased cardiac expression of transforming growth factor beta (TGF-β) (Figure S5A)

connective tissue growth factor (CTGF) (Figure S5B) and interleukin (IL)-6 (Figure S6A) in

both WT and Bcl10 KO mice, whereby TGF-β was not but CTGF and IL-6 were

significantly reduced in mice lacking Bcl10. More interestingly, short-term (30 min) Ang II

treatment led to an immediate elevation in IL-6 expression, but not in Bcl10 KO mice

(Figure S6B). These data indicate that Ang II-mediated IL-6 expression by Bcl10 is

controlled not only at transcriptional level but at the mRNA level too. It has recently been

shown that IL-6 is destabilized by a novel ribonuclease (RNase) named Regnase-1, which is

partly under the control of the Bcl10.18 Nonetheless, neither short-term Ang II infusion did

not lead to Regnase-1 degradation in the heart nor Ang II treatment of mouse embryonic

Markó et al. Page 3

Hypertension. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



fibroblast cells (NIH3T3) overexpressing the type 1 angiotensin II receptor (Figure S6C–D).

These data suggest that Bcl10 dependent expression of IL-6 in the heart may be regulated by

other RNase(s).

Arrhythmogenic electrical remodeling is improved in the absence of Bcl10

To investigate the pathophysiological relevance of reduced infiltration of immune cells and

reduced fibrosis in Ang II-treated Bcl10 KO mice, we performed electrophysiological

studies. Arrhythmias (Figure 2A) during programmed electrical stimulation could be

induced in all Ang II-infused WT mice (5/5), whereas only in 25% of Ang II-treated Bcl10

KO mice (1/4) (Figure S7A). The amount of the inducible non-sustained ventricular

arrhythmia protocols (as detailed in the online only Data Supplement) was significantly

higher in Ang II-infused WT (67%) compared to Bcl10 KO (8%) mice (Figure 2B). The

ventricular effective refractory period (VERP) was also assessed. Bcl10 KO mice treated

with Ang II showed higher VERP compared to Ang II-treated WT controls (37.3±3.8 ms vs.

32.0±1.3 ms, Figure S7B). Connexin-43 (Cx43), the major cardiac gap junction protein in

intercalated disks, was redistributed towards the lateral borders of cardiomyocytes in Ang II-

treated WT mice (Figure 2C). In contrast, Ang II-treated Bcl10 KO mice showed almost

unaltered Cx43 protein localization with restriction to the intercalated discs similar to WT

and Bcl10 KO control mice (Figure S7C). Furthermore, Ang II-treated Bcl10 KO mice

displayed significantly less severe QRS interval prolongation compared to Ang II-infused

WT controls (12.1±0.2 ms vs. 13.7±0.3 ms; Figure S5D); other ECG parameters were

similar.

Bcl10 in BM and heart affects inflammation and fibrosis

To understand which cell types were pivotal in the amelioration of cardiac damage in the

Ang II-infused Bcl10 KO mice, we performed BM transplantation studies (as depicted on

Figure 3A; verification of successful BM transplantation is shown on Figure S8). All Ang II-

treated transplanted groups developed a similar level of cardiac hypertrophy defined by

echocardiography (Figure 3B and Table S3), heart weight-to-body weight ratio (Figure 3C),

heart weight-to-tibia length ratio (Figure S9A) and by hypertrophy markers BNP (Figure

3D) and ANP (Figure S9B) confirming the results in complete Bcl10 KO with Ang II.

Surprisingly, after Ang II treatment both WT mice that received Bcl10 KO BM, or Bcl10

KO mice that received WT BM, showed less macrophage, CD4+, and CD8+ cell infiltration

(Figure 3E), as well as less perivascular collagen I (Figure 3F) and reduced interstitial

fibronectin deposition (Figure 3G) compared to control WT mice receiving WT BM.

Quantification of collagen I staining (Figure 3H) and fibronectin (Figure 3I) was

confirmatory.

Bcl10 is required for cell adhesion and chemotaxis

To pursue the mechanisms as to how Bcl10 deficiency in the heart reduces immune cell

infiltration, we next analyzed the expression vascular cell adhesion molecule-1 (VCAM-1),

which is a target gene of NF-κB. Immunohistological analysis revealed that after Ang II

treatment, Bcl10 KO mice transplanted with WT BM expressed significantly less vascular

VCAM-1, as measured by a lower number of affected vessels as well as a lower magnitude

of VCAM-1 expression in the respective endothelium (Figure 4A). These results were
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confirmed on the mRNA level (Figure 4B). Other target genes of NF-κB which are

important for cell adhesion and for chemotaxis also had reduced expression in Bcl10 KO

mice recipient of WT BM, as compared to the two other groups (Figure S10A-C). To further

test the hypothesis that Bcl10 mediates Ang II-dependent cell adhesion to endothelial cells,

we performed an in vitro monocyte/endothelial adhesion assay. Endothelial cells transfected

with control siRNA showed a more than 20-fold increase in monocyte attachment after Ang

II treatment, whereas those transfected with Bcl10 siRNA showed only a 4-fold increase

(Figure 4C–E).

Bcl10 is required for monocyte/macrophage migration

Recently, Bcl10 was shown to play a role in F-actin polymerization within cells of the

immune system,19 a process required for cell motility.20 To further understand as to why

WT mice recipient of Bcl10 KO BM had reduced immune cell infiltration, despite high

expression of adhesion molecules and chemokines (Figure S10A-C, white bar), we

performed an in vitro chemotaxis assay. Chemotaxis toward monocyte chemotactic

protein-1 (MCP-1) was significantly higher in WT BM-derived macrophages (BMDM)

compared to Bcl10 KO BMDM (Figure 5A–B). These results were further verified in vivo.

Intraperitoneal injection of MCP-1 into WT mice significantly increased the number of

peritoneal CD11b+ cells, whereas Bcl10 KO mice showed no significant increase in

response to MCP-1 (Figure 5C–D), despite the number of circulating immune cells do not

differ from WT animal.16

Infiltration of BM-derived (myo)fibroblasts are reduced by Bcl10 deficiency

The origin of cardiac fibroblasts which promote fibrosis is still not completely understood.21

Recent data suggests that BM-derived cells could represent an important source of such

cardiac fibroblasts.22 We hypothesized that the cardiac recruitment of these BM-derived

fibroblasts could be altered by the lack of Bcl10. To this end, GFP+ WT BM was

transplanted into irradiated WT and Bcl10 KO recipients, and the mice were infused with

Ang II as previously described. Ang II infusion led to a rise in the number of fibroblast-

specific protein 1 positive (FSP1+) cells in the heart of WT and Bcl10 KO mice, however

Bcl10 KO heart samples had significantly less number of FSP+ cells (Figure 6A–B). In the

hearts of WT mice receiving GFP+ WT BM, we detected GFP/FSP1 double positive cells

(Figure 6A) indicating a BM origin of the FSP1+ cells. Importantly, semi-quantification of

GFP/FSP1 double positive cells showed significantly fewer such cells in the hearts of Bcl10

KO recipients compared to WT recipients (Figure 6B). Furthermore, FSP1 co-staining with

myofibroblast marker αSMA indicates that these fibroblasts are able to produce extracellular

matrix (Figure S11).

DISCUSSION

The present study highlights the importance of Bcl10, a major component of the recently

described non-immune cell CBM signalosome, in Ang II-mediated cardiac damage. The

current results clearly show that deletion of Bcl10 is enough to circumvent severe fibrosis,

inflammation and susceptibility to ventricular arrhythmias, despite a similar elevation in

blood pressure and cardiac hypertrophy. Moreover, this study shows that Bcl10 plays an
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important role both in bone marrow-derived cells and in the heart, in the development of

Ang II-mediated cardiac damage; albeit in different ways.

Several studies have provided evidence for an important role of NF-κB in the development

of cardiac end-organ damage in various hypertension models, including Ang II.12,23,24

However, the exact molecular mechanism as to how Ang II activates NF-κB is not

completely understood. Recently, a complex of proteins, including CARMA3, Bcl10, and

MALT1, was shown to be involved in the transmission of the signal from the AT1R to NF-

κB.14 We hypothesized that Bcl10 deficiency would play an important role in Ang II-

induced cardiac damage and electrical remodeling. In our study, Ang II-treated Bcl10 KO

mice developed similar elevations in blood pressure and cardiac hypertrophy, compared to

WT mice. However, cardiac fibrosis and inflammatory cell infiltration was reduced in the

infused Bcl10 KO mice. Fibrosis and inflammation are factors known to play an important

role in electrical remodeling of the heart, which increases susceptibility to arrhythmias.25

Thus, patients with hypertension-induced cardiac damage are prone to arrhythmias, which

contributes to the increased cardiovascular mortality in these patients.26 Our programmed

electrical stimulations revealed that Ang II-treated Bcl10 KO mice were less vulnerable for

the inducibility of arrhythmias compared to their Ang-II treated WT controls. This

improvement was accompanied by higher VERP, which also decreases the likelihood of

ventricular arrhythmias.27 Ang II-induced cardiac hypertrophy was also associated with

QRS prolongation in WT and Bcl10 KO mice. The duration of QRS complex in untreated

animals of the same age under the same conditions lies between 10 und 11 ms. Bcl10 KO

mice displayed significantly less severe QRS interval prolongation. QRS prolongation

indicates slowing of ventricular conduction, and is often associated with hypertrophy,

structural and electrical remodeling including fibrosis, as well as Cx43 delocalization, and

has been considered as a predictor of mortality in congestive heart failure patients.28, 29

Consistent with the less severe QRS interval prolongation, we found that Bcl10 KO mice

showed normal Cx43 localization at the intercalated disc regions after 2 weeks of Ang II-

infusion, whereas in Ang II-treated WT mice, Cx43 was partially redistributed towards the

lateral borders of cardiomyocytes.

To determine whether the ameliorated phenotype of Bcl10 KO mice was due to resident

cardiac cells or alternatively due to the infiltration of non-cardiac cells, we performed a

series of BM transplantation studies. Whilst cardiac hypertrophy was not altered in any of

the transplant groups, Ang II-induced cardiac fibrosis and immune cell infiltration was

reduced both in WT mice recipient of Bcl10 KO BM, and in Bcl10 KO mice recipient of

WT BM. These results suggest that Bcl10 has a multi-factorial role in both BM and cardiac

compartments.

Firstly, our findings with Bcl10 KO mice recipient of WT BM, suggested that the CBM

signalosome is playing an important role in resident cells of the heart. Accordingly, we

found evidence that Bcl10 is required for Ang II-dependent induction of the adhesion

molecule VCAM-1 within endothelial cells, and for cardiac expression of the chemokines

such as MCP-1 and CCL5, which play an essential role in recruiting immune cells to the

heart. We also provide the first evidence that Ang II-dependent adhesion of monocytes to

endothelial cells requires an intact CBM signalosome. These data are in line with the
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findings that Bcl10 KO mice are protected from developing Ang II-dependent

atherosclerotic lesions and aortic aneurysms.17 Together these data suggest that Bcl10

specifically in endothelial cells - through coordination of adhesion molecules and chemokine

expression - regulates susceptibility to fibrosis.

Secondly, our findings with WT mice, which were recipients of Bcl10 KO BM, suggested

that the CBM signalosome plays an equally important role in the bone marrow, in regards to

the induction of cardiac damage. We found that Bcl10 KO monocyte/macrophage migrate

less toward chemotactic stimuli like MCP-1 in vitro and in vivo. One putative mechanism to

explain the role of Bcl10 in the BM stems from the recent finding that Bcl10 controls TCR

and FCγR-induced F-actin polymerization in monocytes/macrophages and in T cells.19 F-

actin rearrangement is also a prerequisite of transendothelial migration of immune cells.20

Whilst the reduced presence of immune cells could explain the reduction in cardiac fibrosis

in Bcl10 KO mice, we have also considered other mechanisms. BM-derived cells could also

represent an important source for fibroblasts in pathological fibrosis. This concept is

supported by previous work wherein BM-derived cells were shown to contribute to FSP1+

fibroblasts in an aortic banding model.30 In non-banded hearts, the number of FSP1+ cells

was found to be very low.30 Similarly, we found very few FSP1+ cells in untreated mice,

but Ang II infusion led to a significant rise in the number of FSP1+ cells in the heart, which

was found to be lower in Bcl10 KO hearts. By transplanting WT and Bcl10 KO mice with

GFP+ WT BM, we were able to demonstrate that a substantial number (in the case of

transplanted WT mice 70±4%, and in the case of the Bcl10 KO mice 42±7%) of the cardiac

FSP1+ cells were also GFP+, and therefore BM-derived. Furthermore, these cells expressed

the myofibroblast marker αSMA and were observed to be localized to the site of fibrotic

areas, which supports their involvement in the development of fibrosis. This finding

indicates that there are substantial numbers of non-cardiac fibroblasts that may also

contribute to cardiac fibrosis after Ang II infusion. Importantly, Bcl10 KO mice recipient of

GFP+ WT BM showed a more than 50% reduction in GFP/FSP1 double positive fibroblasts,

as compared to WT controls. We believe that in our experimental setting, the lower number

of GFP+/FSP1+ cells in hearts of Bcl10 KO mice is due to the lower expression of

chemokines, such as MCP-1, as these were shown to regulate the mobilization and

incorporation of BM-derived fibroblasts into the tissue.22

Our data provided the first evidence that Bcl10, a protein which plays a major role in the

assembly of NF-κB activator CBM signalosome, plays a substantial role in Ang II-induced

cardiac fibrosis, cardiac inflammation and electrical remodeling. The lack of Bcl10 in both

BM-derived cells and cardiac compartments led to a reduced infiltration of immune cells

and BM-derived FSP1+ (myo)fibroblasts into the heart, which both contribute to the reduced

cardiac fibrosis and enhanced electrical remodeling. These findings implicate the CBM

signalosome as a target for pharmaceutical development in the management of cardiac

fibrosis and arrhythmias.

PERSPECTIVES

High blood pressure is a major cause of cardiovascular morbidity and mortality. Ang II is

one of the major mediators of high blood pressure-caused cardiovascular damage.

Markó et al. Page 7

Hypertension. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Nonetheless, the molecular mechanism of action is still not completely understood.

Recently, a previously undescribed protein complex has been shown to mediate the Ang II-

dependent activation of NF-κB; a transcription factor that has been implicated in Ang II-

mediated cardiovascular damage. Bcl10 serves as a bridging molecule in the assembly of

this complex. Here we show that Bcl10 both in cardiac and in immune cells plays a

substantial role in Ang II-induced cardiac fibrosis, cardiac inflammation and electrical

remodeling by regulating the migration of immune cells, ultimately leading to

arrhythmogenic electrical remodeling. These and previous findings strongly suggest that

inhibition of this protein complex ameliorates Ang II-mediated NF-κB activation and

cardiovascular damage and therefore can serve as a new target for pharmacological

intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

What Is New?

This study shows that B-cell lymphoma/leukemia (Bcl) 10, a bridging molecule of a

recently discovered complex for NF-κB activation, mediates angiotensin (Ang) II-

induced cardiac damage and arrhythmogenic electrical remodeling.

What Is Relevant?

Bcl10 plays a pivotal in immune and other bone marrow-derived cells, as well as in

cardiac cells by regulating the migration of immune cells leading to cardiac

inflammation, cardiac fibrosis and arrhythmias.

Summary

Our findings, together with previous findings on Ang II-mediated atherosclerosis, show

that Bcl10 is a powerful regulator of Ang II-mediated cardiovascular damage and thus is

a promising new target for pharmacological intervention.
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Figure 1.
Effect of Bcl10 deficiency on mean arterial pressure (MAP) and angiotensin (Ang) II-

induced cardiac damage. (A) Telemetric MAP was elevated during Ang II in both groups.

Cardiac hypertrophy assessed by (B) echocardiography as the sum of septal (IVSd) and

posterior wall (LVPWd) thickness, (C) heart weight-to-body weight ratio or (D) cardiac

hypertrophy marker brain natriuretic peptide (BNP) after 2 weeks of saline or Ang II

treatment in the heart of wildtype (WT) and Bcl10 knockout (KO) mice. Number of

infiltrating (E, left) CD4+ T cells, (middle) CD8+ T cells and (right) F4/80+ macrophages in

the same animals. (F) Perivascular collagen I and (G) interstitial fibronectin and

quantification (H and I) of the images of the study animals. Results are mean±SEM.

*P<0.05 versus WT and Bcl10 KO, #P<0.05 versus WT+Ang II, one-way ANOVA using

Tukey’s post-hoc test, n=4 in untreated groups, n=5 in Bcl10±Ang II and n=9 in WT±Ang II

groups.
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Figure 2.
Bcl10 deficiency and angiotensin (Ang) II-induced cardiac electrical remodeling. (A)

Representative ECG recordings of both Ang II-treated wildtype (WT) and Bcl10 knockout

(KO) mice. (B) Ventricular arrhythmia inducibility of the same animals. (C) Representative

connexin-(Cx) 43 (green) and N-cadherin (red) double immunostained heart sections of the

study animals. *P<0.05 versus WT+Ang II, Mann-Whitney’s U-test, n=4 in Ang II-treated

Bcl10 and n=5 in WT group.
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Figure 3.
Bone marrow (BM) transplantation studies, angiotensin (Ang) II-induced cardiac

hypertrophy, inflammation and fibrosis. (A) Wildtype (WT) and Bcl10 knockout (KO) BM

were transplanted into irradiated WT or Bcl10 KO as depicted. Cardiac hypertrophy

assessed by (B) echocardiography as the sum of septal (IVSd) and posterior wall (LVPWd)

thickness and measured as (C) heart weight-to-body weight ratio or (D) by the expression of

brain natriuretic peptide (BNP) after 2 weeks of Ang II infusion in the BM-transplanted

animals. Number of infiltrating (E, left) CD4+ T cells, (middle) CD8+ T cells and (right)

F4/80+ macrophages in the groups depicted. (F) Perivascular collagen I expression and (G)

interstitial fibronectin deposition in the BM-transplanted and Ang II-infused animals. (H and

I) Quantification of immunohistochemistry. Results are mean±SEM. *P<0.01 versus WT

BM→WT+Ang II, one-way ANOVA using Tukey’s post-hoc test, n=9 in WT BM→WT,

n=7 in Bcl10 KO BM→WT and n=4 in WT BM→Bcl10 KO group.
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Figure 4.
Adhesion molecule expression and angiotensin (Ang) II-induced monocyte/endothelial

adhesion. (A) Expression of vascular cell adhesion molecule-1 (VCAM-1) on the

endothelium of the different bone marrow (BM)-transplanted animals after Ang II infusion.

(B) Cardiac VCAM-1 mRNA in the same animals. SVEC4–10 cells were transfected with

control or Bcl10 siRNA and were treated with Ang II as described in the methods. (C)

Endothelial cell lysates were also analyzed for Bcl10 knockdown by Western blotting and

showed nearly complete Bcl10 knockdown. WEHI-274.1 mouse monocytes were added,

washed and counted as described. (D) Representative bright field micrographs of individual

20x fields. (E) Fold increase in monocyte adherence upon Ang II treatment in Bcl10 and

control siRNA treated endothelial cells. The results represent the averages of 3 independent

determinations performed in triplicate. *P<0.01 versus WT BM→WT+Ang II and Bcl10

KO BM→WT+Ang II, one-way ANOVA using Tukey’s post-hoc test, n=9 in WT

BM→WT, n=7 in Bcl10 KO BM→WT and n=4 in WT BM→Bcl10 KO group.
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Figure 5.
In vitro and in vivo macrophage chemotaxis toward monocyte chemotactic protein-1

(MCP-1). Chemotactic response of bone marrow-derived macrophages (BMDM) from

wildtype (WT) and Bcl10 knockout (KO) mice was evaluated using MCP-1. Migrated cells

were fixed, stained and counted manually under the microscope (average of 5 20x random

high-power fields each well, 6 wells/group, 3 independent experiment). (A) Representative

images. (B) Relative amount of the migrated WT and Bcl10 KO BMDM at the indicated

time points. Number of migrated WT BMDM at 4 hours of each independent experiment

was arbitrarily set at 100% and relative amount was calculated for the groups. Furthermore,

WT and Bcl10 KO mice were injected with MCP-1 or PBS. After 6 hours peritoneal cavity

was lavaged with PBS, containing equal amounts of PE-conjugated microbeads. Mixture of

cells and microbeads was harvested and cells were labeled with PE-conjugated anti-mouse

CD11b antibody and counted by flow cytometry. (C) CD11b+ cells were gated (R2) and

counted until 103 PE+ microbeads in R1 had been counted simultaneously. (D)

Quantification of the flow cytometry data. *P<0.05 vs Bcl10 KO, unpaired t-test, #P<0.05

vs WT+PBS, n=4 in case of PBS-treated groups and n=7 in MCP-1-treated group.
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Figure 6.
Assessment of bone marrow (BM)-derived cardiac fibroblast. BM of green fluorescent

protein (GFP) expressing wildtype (WT) mice were transplanted in irradiated WT and Bcl10

knockout (KO) and infused with Ang II. (A) Representative photomicrographs of infiltrating

cells (left photomicrograph). On the right side (upper and lower photomicrographs) higher

magnification is shown. We detected GFP/fibroblast specific protein (FSP) 1 double-

positive cells (orange cells; indicated by the white arrow), FSP1+/GFP- single-positive cells

(red; indicated by the white arrowhead) as wells as FSP1-/GFP+ single-positive leukocytes

(green; indicated by the yellow arrow). (B) Number of FSP1 single-positive cells and (C)

infiltrating GFP/FSP1 double positive cells. *P<0.01 versus GFP+ WT BM→WT, unpaired

t-test, n=4/group.
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