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B Cells Increase Myocardial Inflammation by Suppressing M2
Macrophage Polarization in Coxsackie Virus B3-Induced Acute
Myocarditis

Yong Li ,1 Yanlan Huang,1 Weifeng Wu,1,2 Bin Wei,1 and Lin Qin1

Abstract— The role of B cells in viral myocarditis (VMC) remains controversial. In order to
establish a role and mechanism of action for B cells in acute VMC, we established an acute
VMC mouse model by intraperitoneal injection of Coxsackie virus group B type 3 (CVB3).
At day 7, mice were analyzed using myocardial histopathology, and the presence of M2
macrophages in spleen and heart. Mice were divided into four groups, all having a C57BL/6
background: control group; wild-type (WT) VMC; mMt/mMt (−/−) VMC (BKO), and
BKO + B cell VMC. A role for B cells was demonstrated by a significant reduction in
myocardial pathological score and an increase in the frequency of M2 macrophages in the
BKO group, when compared to the WT group. Once BKO mice underwent B cell reconsti-
tution with isolated WT B cells, the myocardial pathological score was increased significant-
ly, while the frequency of M2 macrophages decrease. Our findings demonstrate that B cells
increase myocardial inflammation by suppressing M2 polarization in acute VMC in vivo.
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INTRODUCTION

Viral myocarditis (VMC) is a common cardiovascular
disease in adolescents, which is often caused by Coxsackie
virus group B type 3 (CVB3), and can lead to heart failure
and sudden death [1, 2]. Direct myocardial injury induced by
virus infection, and a prolonged inflammatory response, is the
main pathology [3]. However, the mechanism of the immune
inflammatory response in VMC is still unclear. Therefore, the
exact pathogenesis of viral myocarditis needs further clarifi-
cation in order to find efficient therapeutic options.

The immune system becomes activated in response to
myocardial damage [4]. In VMC, the myocardium is infil-
trated by a variety of immunocytes, including T cells,
macrophages, and B cells. Many studies have confirmed
an important role for CD4+ Tcells, and macrophages in the
pathogenesis of VMC [5–8]. Previous studies have
demonstrated that B cells secrete immunoglobulins with
anti-inflammatory effects in VMC, while secreting anti-
myocardial antibodies to promote myocardial injury [3, 9].
In addition to humoral immunity, B cells participate in T
cell activation and tissue inflammation via antigen presen-
tation and cytokine production [10]. B cells can directly
damage the myocardium by producing cytokines or anti-
bodies, and therefore, may be responsible for the increased
myocardial injury seen in VMC. However, the role of B
cells in VMC has been rarely studied.

Our research found that in a mouse model of VMC
induced by CVB3, B cells secrete a variety of proinflamma-
tory cytokines (IFN-γ, TNF-α, IL-6) and promote Th1 and
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Th17 cell differentiation (unpublished observation). Recent
research has found that in acute myocardial infarction, B
cells increase myocardial injury by secreting the chemokine
(C-C motif) ligand 7, and recruiting Ly6Chi monocytes to
local myocardial tissue [11]. In the inflammatory
microenvironment, Ly6Chi monocytes differentiated into
classically activated macrophages (M1), and increased
tissue damage. Therefore, B cells may promote myocardial
injury by modulating macrophage function in VMC. In this
study, we show that B cells caused myocardial injury by
suppressing M2 polarization in acute VMC induced by
CVB3.

MATERIALS AND METHODS

Mouse Model of VMC Induction

Pathogen-free, 5-week-old male C57BL/6 mice (WT),
muMt/muMt (−/−) mice (B cell-knockout (BKO), B6.129S2-
Ighmtm1Cgn/J, Stock No: 002288, Jackson Laboratories, ME,
USA), and BKO mice reconstructed with B cells (BKO+B
cells), were used to establish an acute VMC model. The
mouse model of acute VMC was established as described
previously [12]. WT mice injected intraperitoneally with
phosphate buffer solution (PBS) were used as controls. All
surviving animals were sacrificed on day 7. The hearts and
spleens were removed aseptically for further analyses. The
protocols of animal experiments were approved by the
Guangxi Medical University Animal Ethics Committee.

B Cell Reconstitution

WTmice underwent the VMC protocol, sacrificed on
day 7, and the spleens removed aseptically. The spleens
were ground into a single-cell suspension, and filtered
through a 30-μm cell strainer, and centrifuged at 300g for
5 min. The single-cell suspension was then treated with
lysing buffer (BD Biosciences, San Diego, CA, USA) to
remove red blood cells, and washed twice with 1 mL of
PBS. After centrifugation at 300g for 5 min, the pellet was
resuspended in 1 mL of separation buffer (Miltenyi Biotec,
Bergisch Gladbach, Germany). B cell isolation was per-
formed on the cell suspension using a B cell isolation kit
(Miltenyi Biotec, Bergisch Gladbach, Germany), follow-
ing the manufacturer’s instructions. The purified B cells
were then diluted in PBS, and injected intraperitoneally
into BKO mice 1 day before induction of VMC, at a
density of approximately 2 × 106 cells per mice. Flow
cytometry analysis of B cells in spleen confirmed B cell
reconstruction.

Histological Analysis

Hearts were removed and transversely sectioned
midheart, and the base portions fixed in 4% paraformalde-
hyde, paraffin embedded, and cut into 5-μm sections.
Hematoxylin and eosin staining was used to determine
the level of myocardial inflammation. The pathological
scores were determined using a light microscope (magni-
fication × 400) and by two independent investigators, ac-
cording to the semi-quantitative scale: grade 0, no cardiac
inflammation; grade 1, < 25%; grade 2, 25–50%; grade 3,
50–75%; grade 4, > 75% [13].

Cardiac Tissue Mononuclear Cell Preparation

Hearts were minced, digested, and processed into
single-cell suspensions as previously described [14, 15].
Briefly, minced heart tissue was incubated in 0.1% collage-
nase II (Sigma-Aldrich, St. Louis, MO, USA) for 30 min at
37 °C. A single-cell suspension was obtained by filtration
through a nylon mesh and combined with lysing buffer to
remove red blood cells. Finally, cells were resuspended in
PBS for further analyses.

Flow Cytometry

Spleens were removed and prepared as described above
(B cell reconstitution protocol). For cell labeling, spleen cells
and cardiac tissue mononuclear cells were stained and incu-
bated for 30 min at 4 °C in the dark with mouse anti-CD11b-
PerCP-cyanine5.5-conjugated mAbs (BD Biosciences, San
Diego, CA, USA, clone: M1/70), anti-F4/80-FITC-conjugat-
ed mAbs (eBioscience, San Diego, CA, USA, clone: BM8),
anti-CD206-APC-conjugated mAbs (Invitrogen, San Diego,
CA, USA clone: MR6F3). Isotype control antibodies
(eBioscience, San Diego, CA, USA) were used to eliminate
background staining due to nonspecific antibody binding to
cells. Samples were analyzed by fluorescence activated cell
sorting Canto II using fluorescence activated cell sortingDiva
software (BD Biosciences, San Diego, USA). Data was
analyzed using a Flowjo 7.6 software package.

Quantitative Real-Time PCR

Total RNA extraction, cDNA synthesis, and real-time
fluorescence quantitative PCR was performed as previously
described [12]. The primers used were as follows: β-actin
(sense:CATCCGTAAAGACCTCTATGCCAAC, antisense:
ATGGAGCCACCGATCCACA) [12]. arginase (sense:TG
CTCACACTGACATCAACACTCC, ant isense:
TCTACGTCTCGCAAG CCAATGTAC). Amplification
conditions were as follows: denaturation at 95 °C for 30 s,
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40 cycles of extension at 95 °C for 5 s, 58 °C for 30 s, and
72 °C for 30 s. Data from the gene expression study was
analyzed using theΔΔCt method.

Statistical Analysis

Data are represented as mean ± SD. Analysis was
performed using GraphPad Prism software (La Jolla, CA,
USA). ANOVAwith post hoc Tukey’s test was used when
analyzing more than three groups. A P value of ≤ 0.05 was
considered statistically significant.

RESULTS

B Cells AggravatedMyocardial Inflammation in Acute
VMC

Intraperitoneal injection of C57BL/6 mice with
CVB3 successfully established the mouse acute VMC

model. There was no inflammatory cell infiltration in the
control group. The myocardial tissue displayed obvious
infiltration of inflammatory cells in the WT, BKO, and
BKO + B groups. The myocardial pathological scores
(summarized in Fig. 1) were markedly reduced in the
BKO group, compared to the WT group (P ≤ 0.001). After
adoptive B cell transfer to BKO mice, myocardial inflam-
mation was increased significantly when compared to the
BKO group (P ≤ 0.01). The results showed that B cells
increased myocardial inflammation in acute VMC mice.

B Cells Suppressed M2 Macrophages Polarization in
Acute VMC in vivo

To determine the number of macrophages in acute
VMC, flow cytometry was performed on spleen cells. The
number of macrophages (F4/80+CD11b+) was markedly
reduced in the WT group, when compared to control group
(P ≤ 0.01) and BKO group (P ≤ 0.001). After adoptive B
cell transfer to BKO mice, the number of macrophages

Fig. 1. Pathological changes of myocardial tissue in different myocarditis mice. a Representative images of myocardial pathology of myocarditis (day 7) in
control group (a), WT VMC (b), BKO VMC (c), and BKO+B cells VMC (d). The heart sections of mice were stained with hematoxylin and eosin, original
magnification × 400. b The results of myocardial pathological scores in different groups. N = 8 mice/group. **P ≤ 0.01, ***P ≤ 0.001. Values are means ± SD.
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decreased significantly in the BKO +B cell group, when
compared to the BKO group (P ≤ 0.001). CD206 is a
characteristic surface marker of M2 macrophage.
Therefore, to investigate whether B cells modulate
macrophage polarization, we detected the frequency of

CD206+ macrophages in spleen cells. After 7 days of
infection with CVB3, the number of M2 was decreased
significantly in the WT group, when compared to the
control group (P ≤ 0.001) and BKO group (P ≤ 0.001).
Reconstituted B cells in BKO mice showed a

Fig. 2. The changes of splenic macrophages and M2 macrophages in different groups. a Representative pictures for the frequency of macrophage in splenic
monocytes frommice (day 7) in control group (a),WTgroup (b), BKO group (c), and BKO+B cells group (d). bRepresentative pictures for the frequency of
M2macrophages in splenic macrophage frommice (day 7) in control group (a), WT group (b), BKO group (c), and BKO+B cells group (d). c The results of
the statistical analysis of the frequency of macrophage. d The results of the statistical analysis of the frequency of M2 macrophage. N = 8 mice/group. **P ≤
0.01, ***P ≤ 0.001.
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significantly lower number of M2, when compared to the
BKO group (P ≤ 0.01, summarized in Fig. 2).

B Cells Suppressed M2 Macrophages Polarization in
Myocardial Tissue in Acute VMC

Macrophages were involved in myocardial immune
inflammation mainly through changes in their polarization.
To investigate these changes in macrophage polarization in
VMC, we determined the number of M2 (CD206+F4/
80+CD11b+) in myocardial tissue by flow cytometry
(summarized in Fig. 3). The results showed that the
number of M2 in myocardial tissue increased significantly
in theWT group, when compared to the control group (P ≤
0.001). An absence of B cells lead to an increase in the
frequency of M2 in myocardial tissue, when compared to
the WT group (P ≤ 0.001). After adoptive B cell transfer to

BKO mice prior to infection with CVB3, the frequency of
M2 decreased significantly, when compared to the BKO
group (P ≤ 0.05). These results demonstrate that B cells
suppress M2 macrophages’ polarization in the myocardial
tissue of acute VMC.

B Cells Reduce Arginase mRNA Expression in the
Myocardial Tissue in Acute VMC

Since arginase is predominantly synthesized and se-
creted by M2, we examined a role for B cells in the
expression of arginase messenger RNA (mRNA) in heart
tissue. As shown in Fig. 4, arginase mRNA expression in
the heart tissue of the BKO group, was significantly up-
regulated, when compared to the WT group (P ≤ 0.001)
and BKO + B cell group (P ≤ 0.01). Our results clearly

Fig. 3. The changes of cardiac M2macrophages in different groups. aRepresentative pictures for the frequency of M2 in macrophage in the heart frommice
(day 7) in control group (a), WT group (b), BKO group (c) and BKO+B cell group (d). b The results of the statistical analysis of the frequency of M2 in the
heart. N = 8 mice/group. **P ≤ 0.01. ***P ≤ 0.001.
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indicate that B cells reduce arginase mRNA expression in
myocardial tissue.

DISCUSSION

Previous studies have demonstrated a role for B cells in
the pathogenesis of VMC, through the secretion of cytokines.
In patients with dilated cardiomyopathy, TNF-α-secreting B
cells are significantly increased. The number of TNF-α-
secreting B cells was found to be negatively correlated with
left ventricular ejection fraction, but positively correlatedwith
procollagen type III in dilated cardiomyopathy patients [16].
B cells are involved in the myocardial fibrosis process in
dilated cardiomyopathy by secreting TNF-α. In VMC mice,
IL-10 secreting B cells are significantly increased [17]. IL-10
secreting B cells alleviated tissue injury by suppressing
CD4 +Tcell responses [18]. However, it is not clear whether
B cells affect myocardial injury or inhibit myocardial inflam-
mation in VMC. In this study, we used BKOmice to explore
the role of B cells in acute VMC. When B cells are absent,
myocardial inflammation is significantly alleviated. To fur-
ther define a role for B cells in VMC, we used B cell transfer
to BKO mice before CVB3 infection and found that the
myocardial pathological scores were increased. Hence, B
cells can increase myocardial injury in acute VMC.

Macrophages play an important role in VMC and are
plastic and pluripotent cell types [19]. According to current
research, there are two different types of macrophage:
classically activated macrophages (M1) and alternatively
activated macrophage (M2). M1 has a role in promoting

inflammation, while M2 has a more anti-inflammatory role
[20, 21]. In VMC, myocardial damage in male mice was
more severe than in females. Myocardial infiltrating mac-
rophages from CVB3-infected male mice expressed high
levels of M1 markers, whereas high levels of M2 markers
were seen in female mice. Adoptive transfer of ex vivo
programmed M1 macrophages, significantly increased
myocardial inflammation in male mice. Remarkably, trans-
fer of M2 macrophages into susceptible male mice allevi-
ated myocardial inflammation [22]. Macrophage polariza-
tion is regulated by cytokines, such as IFN-γ and TNF-α,
which cause macrophage polarization into M1, whereas
IL-4, IL-13, and IL-10 promote macrophage polarization
into M2 [23]. Recent studies have demonstrated that B
cells promote myocardial injury by secreting proinflamma-
tory factors such as IFN-γ, and TNF-α [24], and promot-
ing Th1 and Th17 differentiation, thereby amplifying the
inflammatory response [25]. In malignant tumor tissues,
B1 cells promoted the polarization of macrophages into
M2 by secreting IL-10 [26]. Therefore, we propose that B
cells may regulate macrophage polarization in VMC.

To clarify a role for B cell modulation of macrophage
polarization in VMC,we studiedM2 formation in the spleens
and hearts of VMC mice. Notably, the frequency of M2
increased significantly in BKO mice when compared to
WT mice, both in the spleen and heart. After adoptive B cell
transfer to BKO mice, M2 decreased significantly. The
change in M2 conflicted with that of the myocardial patho-
logical scores in acute VMC. To further demonstrate that B
cells regulate macrophage polarization, we examined the
mRNA expression of arginase in the heart. After induced

Fig. 4. The levels of arginase mRNA expression in the myocardial in different groups. N = 8 mice/group. **P ≤ 0.01, ***P ≤ 0.001.
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myocarditis, macrophages proliferated significantly [27].
Therefore, the mRNA expression of arginase was significant-
ly upregulated in VMC. However, the mRNA expression of
arginase was higher in myocardial tissue from BKO mice
than from WT mice. Therefore, B cells increase myocardial
inflammation by suppressingM2 polarization in acute VMC.

B cells secrete a variety of cytokines and participate in
the pathogenesis of various diseases, such as multiple scle-
rosis, rheumatoid arthritis, and systemic lupus erythemato-
sus [28–30]. Specific therapies using cell-depleting antibod-
ies targeting B cells have been shown to be effective. In this
study, we applied mature B cell defective mice to demon-
strate B cell aggravated myocardial inflammation in acute
VMC. However, there is much still to learn regarding the
pathogenesis of B cells. We have found that IFN-γ-
secreting B cells and TNF-α-secreting B cells were signif-
icantly increased in VMCmice. However, in VMC, it is not
clear which B cell subset secrete these proinflammatory
factors. CD20 and CD22 are specific surface molecules of
mature B cells. In VMC mice, the mature B cells
(CD22+CD19+) significantly increased in spleen and
peripheral blood by more than 60% (unpublished data).
Mature B cells are the principle B cell subset in VMC.
Recently, Fleischer have indicated that Epratuzumab, an
anti-CD22 monoclonal antibody, inhibited the production
of the proinflammatory cytokines IL-6 and TNF-α in B
cells [31]. Therefore, mature B cells may regulate polariza-
tion of macrophages by secreting various proinflammatory
cytokines in VMC. The co-culture of B cells and macro-
phages in vitro is needed for further verification. Mean-
while, prospective studies are essential to further clarify B
cell-induced cardiac injury by regulating other immune
cells, such as CD8+ T cells, dendritic cells, or NK cells,
and identify which B cell subsets are pathogenic in VMC.

To our knowledge, this is the first study to show that
B cells increase myocardial inflammation by suppressing
M2 polarization in acute VMC. Our findings support im-
munosuppressive therapy for B cells as a novel therapeutic
option in VMC.

FUNDING INFORMATION

This study was funded by the National Natural Sci-
ence Foundation of China (81670345).

COMPLIANCE WITH ETHICAL STANDARDS

Conflict of Interest. The authors declare that they have
no conflicts of interest.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

REFERENCES

1. Rose, N.R. 2016. Viral myocarditis. Current Opinion in Rheuma-
tology 28 (4): 383–389.

2. Trachtenberg, B.H., and J.M. Hare. 2017. Inflammatory
cardiomyopathic syndromes. Circulation Research 121 (7): 803–
818.

3. Fung, G., H. Luo, Y. Qiu, D. Yang, and B. McManus. 2016.
Myocarditis. Circulation Research 118 (3): 496–514.

4. Taqueti, V.R., R.N. Mitchell, and A.H. Lichtman. 2006. Protecting
the pump: controlling myocardial inflammatory responses. Annual
Review of Physiology 68: 67–95.

5. Yue, Y., J. Gui, W. Xu, and S. Xiong. 2011. Gene therapy with
CCL2 (MCP-1) mutant protects CVB3-induced myocarditis by
compromising Th1 polarization. Molecular Immunology 48 (4):
706–713.

6. Abston, E.D., et al. 2012. Th2 regulation of viral myocarditis in
mice: different roles for TLR3 versus TRIF in progression to chronic
disease. Clinical & Developmental Immunology 2012: 129486.

7. Qing, K., et al. 2011. Distinct different expression of Th17 and Th9
cells in coxsackie virus B3-induced mice viral myocarditis. Virology
Journal 8: 267.

8. Kong, Q., et al. 2012. Increased expressions of IL-22 and Th22 cells
in the coxsackievirus B3-induced mice acute viral myocarditis.
Virology Journal 9: 232.

9. Takada, H., C. Kishimoto, and Y. Hiraoka. 1995. Therapy with
immunoglobulin suppresses myocarditis in a murine coxsackievirus
B3 model. Antiviral and anti-inflammatory effects. Circulation 92
(6): 1604–1611.

10. Li, R., et al. 2015. Cytokine-defined B cell responses as therapeutic
targets in multiple sclerosis. Frontiers in Immunology 6: 626.

11. Zouggari, Yasmine, Hafid Ait-Oufella, Philippe Bonnin, Tabassome
Simon, Andrew P. Sage, Coralie Guérin, José Vilar, Giuseppina
Caligiuri, Dimitrios Tsiantoulas, Ludivine Laurans, Edouard
Dumeau, Salma Kotti, Patrick Bruneval, Israel F. Charo, Christoph
J. Binder, Nicolas Danchin, Alain Tedgui, Thomas F. Tedder, Jean-
Sébastien Silvestre, and Ziad Mallat. 2013. B lymphocytes trigger
monocyte mobilization and impair heart function after acute myo-
cardial infarction. Nature Medicine 19: 1273–1280.

12. Yanlan, H., et al. 2018. CD80 regulates Th17 cell differentiation in
Coxsackie virus B3-induced acutemyocarditis. Inflammation 41 (1):
232–239.

13. Eriksson, U., R. Ricci, L. Hunziker, M.O. Kurrer, G.Y. Oudit, T.H.
Watts, I. Sonderegger, K. Bachmaier, M. Kopf, and J.M. Penninger.
2003. Dendritic cell-induced autoimmune heart failure requires co-
operation between adaptive and innate immunity. Nature Medicine
9: 1484–1490.

14. Rudolph, V., R.P. Andrié, T.K. Rudolph, K. Friedrichs, A. Klinke, B.
Hirsch-Hoffmann, A.P. Schwoerer, D. Lau, X.M. Fu, K. Klingel, K.
Sydow, M. Didié, A. Seniuk, E.C. von Leitner, K. Szoecs, J.W.
Schrickel, H. Treede, U. Wenzel, T. Lewalter, G. Nickenig, W.H.
Zimmermann, T. Meinertz, R.H. Böger, H. Reichenspurner, B.A.
Freeman, T. Eschenhagen, H. Ehmke, S.L. Hazen, S. Willems, and
S. Baldus. 2010. Myeloperoxidase acts as a profibrotic mediator of
atrial fibrillation. Nature Medicine 16: 470–474.

959B Cells Increase Myocardial Inflammation by Suppressing M2



15. Gao, X., B. Wei, Y. Deng, Y.L. Huang, and W. Wu. 2017. Increased
mobilization of CD45+CD34+VLA-4+ cells in acute viral myocar-
ditis induced by coxsackievirus B3. Cardiology 138: 238–248.

16. Yu, M., S. Wen, M. Wang, W. Liang, H.H. Li, Q. Long, H.P. Guo,
Y.H. Liao, and J. Yuan. 2013. TNF-α-secreting B cells contribute to
myocardial fibrosis in dilated cardiomyopathy. Journal of Clinical
Immunology 33 (5): 1002–1008.

17. Cen, Z., Y. Guo, Q. Kong, Q. Zhou, and W. Wu. 2015. IL-10-
producing B cells involved in the pathogenesis of Coxsackie virus
B3-induced acute viral myocarditis. International Journal of Clini-
cal and Experimental Pathology 8 (1): 830–835.

18. Lund, Frances E., et al. 2010. Effector and regulatory B cells: modulators
ofCD4+Tcell immunity.NatureReviews Immunology 10 (4): 236–247.

19. Epelman, Slava, Peter P. Liu, and Douglas L. Mann. 2015. Role of
innate and adaptive immunity in cardiac injury and repair. Nature
Reviews Immunology 15 (2): 117–129.

20. Warwick, C.A., et al. 2017. Culture, transfection, and immunocyto-
chemical analysis of primary macrophages. Methods in Molecular
Biology 1554: 161–173.

21. Martinez, F.O., et al. 2008. Macrophage activation and polarization.
Frontiers in Bioscience- Landmark 13: 453–461.

22. Li, K., W. Xu, Q. Guo, Z. Jiang, P. Wang, Y. Yue, and S. Xiong.
2009. Differential macrophage polarization in male and female
BALB/c mice infected with coxsackievirus B3 defines susceptibility
to viral myocarditis. Circulation Research 105 (4): 353–364.

23. Locati, M., et al. 2013.Macrophage activation and polarization as an
adaptive component of innate immunity. Advances in Immunology
120: 163–184.

24. Bermejo, Daniela A., et al. 2013. Trypanosoma cruzi trans-sialidase
initiates an ROR-γt–AHR-independent program leading to IL-17
production by activated B cells.Nature Immunology 14 (5): 514–522.

25. Ireland, S.J., et al. 2016. B cells from relapsing remitting multiple
sclerosis patients support neuro-antigen-specific Th17 responses.
Journal of Neuroimmunology 15 (291): 46–53.

26. Wong, Siew-Cheng, Anne-Laure Puaux, Manesh Chittezhath, Irina
Shalova, Tasneem S. Kajiji, Xiaojie Wang, Jean-Pierre Abastado,
Kong-Peng Lam, and Subhra K. Biswas. 2010. Macrophage polar-
ization to a unique phenotype driven by B cells. European Journal
of Immunology 40: 2296–2307.

27. Leuschner, Florian, Gabriel Courties, Partha Dutta, Luke J.
Mortensen, Rostic Gorbatov, Brena Sena, Tatiana I.
Novobrantseva, Anna Borodovsky, Kevin Fitzgerald, Victor
Koteliansky, Yoshiko Iwamoto, Marina Bohlender, Soeren
Meyer, Felix Lasitschka, Benjamin Meder, Hugo A. Katus,
Charles Lin, Peter Libby, Filip K. Swirski, Daniel G. Ander-
son, Ralph Weissleder, and Matthias Nahrendorf. 2015. Si-
lencing of CCR2 in myocarditis. European Heart Journal 36:
1478–1488.

28. Hauser, S.L., E. Waubant, D.L. Arnold, T. Vollmer, J. Antel, R.J.
Fox, A. Bar-Or, M. Panzara, N. Sarkar, S. Agarwal, A. Langer-
Gould, C.H. Smith, and HERMES Trial Group. 2008. B-cell deple-
tion with rituximab in relapsing-remitting multiple sclerosis. New
England Journal of Medicine 358 (7): 676–688.

29. Cambridge, G., H.C. Perry, L. Nogueira, G. Serre, H.M. Parsons, I.
de la Torre, M.C. Dickson, M.J. Leandro, and J.C.W. Edwards.
2014. The effect of B-cell depletion therapy on serological evidence
of B-cell and plasmablast activation in patients with rheumatoid
arthritis over multiple cycles of rituximab treatment. Journal of
Autoimmunity 50: 67–76.

30. Sangle, S.R., P.M.K. Lutalo, R.J. Davies,M.A. Khamashta, and D.P.
D'Cruz. 2013. B-cell depletion therapy and pregnancy outcome in
severe, refractory systemic autoimmune diseases. Journal of Auto-
immunity 43: 55–59.

31. Fleischer, V., J. Sieber, S.J. Fleischer, A. Shock, G. Heine, C.
Daridon, and T. Dörner. 2015. Epratuzumab inhibits the production
of the proinflammatory cytokines IL-6 and TNF-α, but not the
regulatory cytokine IL-10, by B cells from healthy donors and
SLE patients. Arthritis Research & Therapy 17: 185.

960 Li, Huang, Wu, Wei, and Qin


	B...
	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Mouse Model of VMC Induction
	B Cell Reconstitution
	Histological Analysis
	Cardiac Tissue Mononuclear Cell Preparation
	Flow Cytometry
	Quantitative Real-Time PCR
	Statistical Analysis

	RESULTS
	B Cells Aggravated Myocardial Inflammation in Acute VMC
	B Cells Suppressed M2 Macrophages Polarization in Acute VMC �in�vivo
	B Cells Suppressed M2 Macrophages Polarization in Myocardial Tissue in Acute VMC
	B Cells Reduce Arginase mRNA Expression in the Myocardial Tissue in Acute VMC

	DISCUSSION
	References



