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Background The aetiology of dilated cardiomyopathy (DCM) is highly heterogeneous including genetic and/or acquired (infect-
ive, toxic, immune, endocrine, and nutritional) factors. The major part of acquired DCM in developed countries is
caused by either viral or autoimmune myocarditis. It is believed that the activation of the T-lymphocyte cell system
is the major pathomechanism underlying autoimmune myocarditis and inflammatory DCM (DCMi). However, in
the hearts of a subset of patients, a significant number of CD20þ B-lymphocytes can be detected too. Limited in-
formation exists on the role of B-cell-dependent mechanisms in the progression of DCMi. Particularly CD20þ B-
lymphocytes, which can be targeted by anti-CD20þ B-lymphocytes antibodies or inhibitors, might contribute to
the pathogenesis of myocardial damage beyond antibody production.

...................................................................................................................................................................................................
Case summary Here, we present a case series of six patients with subacute and chronic endomyocardial biopsy-proven CD20þ

B-lymphocyte-associated DCMi, where symptomatic heart failure therapy, with or without combined immunosup-
pressive therapy with steroid-based treatment regime, was insufficient to improve cardiac function. Five patients
improved clinically several weeks after a standard infusion protocol with rituximab, a chimeric monoclonal antibody
against the pan-B-cell surface molecule CD20.

...................................................................................................................................................................................................
Discussion Our case series shows that CD20þ B-lymphocyte persistence can play a pathophysiologic role in a subset of

DCMi patients and highlights the potential of targeting CD20þ B cells in patients with prominent CD20þ B-
lymphocyte persistence.
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Introduction

The major part of acquired dilated cardiomyopathy (DCM) in devel-
oped countries is caused by either viral or autoimmune myocardi-
tis.1–3 About 30% of myocarditis cases, myocardial inflammation does
not resolve but progresses into chronic inflammatory DCM
(DCMi).4,5 Particularly in patients with histologically confirmed on-
going inflammation in the absence of viral persistence, an abnormal
myocardial immune response with or without autoantibodies are
prone to progress to DCMi.4,6 It is believed that the major pathome-
chanisms in immune myocarditis and DCMi involve the activation of
the T-lymphocyte system (like CD4þ, CD8þ, CD3þ cells) and mac-
rophages (like CD86þ cells), which can be targeted by immunosup-
pressive interventions including steroid-based treatment
regimens.4,7,8 With respect to CD20þ B-lymphocytes, we analysed a
panel of 156 endomyocardial biopsies (EMB) from DCMi patients
and found that 52.6% displayed in addition to T lymphocytes a pres-
ence of more than seven CD20þ cells/mm2 (42% >10 cells/mm2).
Immunohistochemical examinations of the EMB were carried out at
the Institute of Cardiac Diagnostics and Therapies ‘IKDT’ according
to a standard procedure.9 In a subset of DCMi patients, a prominent
presence of CD20þ B-lymphocytes was detected (28.5% >20 cells/
mm2) (Figure 1A). Importantly, CD20þ staining was independent
from the antibody-producing CD138þ plasma cells (Figure 2). Our
patient registry shows that prednisolone/azathioprine therapy was in-
effective in circa 33% of EMB-proven DCMi patients despite having
no underlying viral cause. Looking at CD20þ B-lymphocytes, 63% of
the non-responders had persistently high counts (average 20.8 cells/
mm2), the other 37% had low counts in the follow-up biopsies only
(average 12.50 cells/mm2) (Figure 1B). Limited information exists on
the role of B-cell-dependent mechanisms in the progression of
DCMi. However, there is accumulating evidence demonstrating that
CD20þ B-lymphocytes contribute to the pathogenesis of myocardial
damage directly by their own secretome and by aggravating the T-
cell system.10–14 Recently, B-lymphocytes were shown to aggravate
myocardial inflammation via suppressing the anti-inflammatory M2
macrophages.15 Therefore, we hypothesized that CD20þ B-lympho-
cytes can contribute independently of the T-cell system to the course
of DCMi and may belong to a subclass of DCMi’s, which could benefit
from an intervention with rituximab (RTX), a chimeric monoclonal
antibody against the pan-B-cell surface molecule CD20.

Case series

Here, we detail our experience with six patients who received
RTX in a single patient use approach. Their characteristics are

summarized in the Table 1. A standard protocol efficient to de-
plete B cells in approved indications, consisting of two administra-
tions of 375 mg/m2 RTX (MabTheraVR Roche Pharma AG) and
150 mg cortisone (to prevent infusion-related reactions) in a
4-week interval, was applied in addition to standard heart failure
therapy. No other immunosuppressive agents were administered
throughout the RTX treatment period, aiming to exclusively target
CD20þ lymphocytes. All administrations were safe and well toler-
ated in these six patients. No unexpected infusion-related
reactions or other treatment-emergent adverse drug reactions
including infections occurred.

Patient 1
Patient 1 was a 56-year-old woman with newly diagnosed heart fail-
ure due to DCMi [New York Heart Association (NYHA) IV].
Coronary heart disease had been excluded by coronary angiography.
One month later, transthorathic echocardiography (TTE) and angiog-
raphy showed a mildly dilated left ventricle [left ventricular (LV) end-
diastolic diameter (LVEDD) 57 mm] with a significantly reduced sys-
tolic function [ejection fraction (EF) 29%]. Cardiac function improved
slightly after initiation of symptomatic heart failure therapy including a
cardiac resynchronization therapy (CRT) system. Endomyocardial
biopsies analyses showed a persistence of a significant number of
CD20þ B-lymphocytes infiltrates slightly elevated macrophages and
normal CD3þ T-lymphocytes without signs of viral genomes. Upon
first and second RTX administration, LV function improved to EF
46% and 52%, respectively. CD3þ T-lymphocytes and macrophages
(Mac-1) declined from 7.4 to 2.8 cells/mm2 and 43 to 16.3 cells/mm2,
respectively, while CD20þ B-lymphocytes had resolved completely.
Eight months after treatment, LVEDD had changed from 57 to
47 mm and a repeated stress TTE showed a further rise in EF from EF
52% (basal) to 63% after dobutamine. All parameters remained stable
during the follow-up period of 12 months. NYHA status improved to
Class II.

Patient 2
Patient 2 was a 68-year-old woman who had been treated with a
Hodgkin-directed chemotherapy 9 years ago. During the last 9 years,
cardiac function was documented as normal and stable. Shortly after
pneumonia, she presented with a rapid onset of heart failure symp-
toms and TTE showed impaired systolic function (EF 25%; LVEDD
55 mm; NYHA III–IV). Endomyocardial biopsies were obtained to dif-
ferentiate a chemotherapy induced-DCM from an inflammatory-
driven cardiomyopathy after exclusion of coronary heart disease.
Endomyocardial biopsies analyses revealed a massive CD3þ T-lym-
phocytes (376 cells/mm2) and CD20þ B-lymphocytes (780 cells/
mm2) virus-negative acute myocarditis. An immunosuppressive ther-
apy with steroids (prednisolone: initial dose 60 mg/day tapered by
10 mg bi-weekly for 6 months) and azathioprine (150 mg/day) led to
an increase of EF up to 45%, whereas N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) levels decreased from 6621 to 3316 pg/
mL. Two months later, the patient decompensated again, despite op-
timal medical treatment. A follow-up EMB still showed a persistent
CD3þ T-lymphocytes- and CD20þ B-lymphocyte-inflammation
(CD3: 638 cells/mm2 and CD20: 633 cells/mm2). Upon RTX, the EF
improved from 45% to 53%. A control EMB showed normal CD3þ

Learning points

• Measurement of CD20þ B-lymphocytes should be included in
the routine endomyocardial biopsies diagnostics.

• CD20þ B-lymphocyte persistence can be the reason for ster-
oid-refractory inflammatory dilated cardiomyopathy.

• CD20þ B-lymphocyte persistence can be targeted by CD20
inhibitors or antibodies like rituximab.

2 C. Tschöpe et al.
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..T-lymphocytes (6.3 cells/mm2), no CD20 infiltrates and a significantly
reduced NT-proBNP of 362 pg/mL, respectively. The patient stayed
stable (EF 57%, NYHA I–II) and NT-proBNP levels were nearly nor-
mal (282 pg/mL) 1 year later.

Patient 3
Patient 3 was a 76-year-old male with a 5-year history of DCM.
Several EMBs analyses in the past 2 years excluded a significant exist-
ence of CD3þ T-lymphocyte infiltrates and macrophages. CD20þ

Figure 1 Pie graph representations of CD20þ B-lymphocytes-association with inflammatory dilated cardiomyopathy. (A) The pie chart represents
82 patients (red) with endomyocardial biopsies CD20þ B-lymphocytes infiltrates (>7 cells/mm2) out of 156 inflammatory dilated cardiomyopathy
patients. (B) The main pie chart represents 24 endomyocardial biopsies-proven inflammatory dilated cardiomyopathy patients who were treated
with prednisolone/azathioprine for 6 months, 16 patients (blue) were responders and eight patients (yellow) were non-responders. The pie-of-pie
represents the steroid non-responders of which five patients (dark red) showed high-persistent endomyocardial biopsies CD20þ B-lymphocyte infil-
trates (average 20.8 cells/mm2), and three patients (orange) with newly identified low-grade CD20þ B-lymphocytes in the follow-up biopsies (aver-
age 12.50 cells/mm2).

Figure 2 Representative pictures of CD20þ B-lymphocytes (A, C) and CD138þ plasma cells (B, D) infiltrates in paraffin-embedded endomyocar-
dial biopsies of two patients with CD20+ myocarditis, indicating that the CD20 staining pattern differs from that from CD138 staining. Magnification
x 200; CD 138: Anti-CD20: monoclonal mouse antibody, clone 8J662 (Fa. Biomol, Hamburg, Germany); Anti-CD138; clone B-A38 (Roche
Diagnostics, Mannheim, Germany).

CD20þ B-lymphocytes in inflammatory dilated cardiomyopathy 3
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..B-lymphocytes had not been evaluated at that time. LV function
declined over time from 28% to 19% (Supplementary material online,
Video SA). The LV was dilated (LVEDD 70 mm). The next EMB, taken
after a second cardiac decompensation despite optimal medical treat-
ment, showed slightly elevated CD3þ T-lymphocytes and significant-
ly elevated CD20þ B-lymphocyte infiltrates (11 cells/mm2),
therefore, we initiated RTX therapy. Transthorathic echocardiog-
raphy, before the second RTX-administration, revealed no changes in
LV diastolic diameter but an increase in left ventricular ejection frac-
tion (LVEF) compared with baseline from 19% to 31%. Yet, TTE at 6
and 12 months post the second dose of RTX showed an improved
LV function and a smaller left ventricle (EF 36%; LVEDD 64 mm)
(Supplementary material online, Video SB).

Patient 4
Patient 4 was a 70-year-old male patient with a 5-year history of
EMB-proven DCMi who reported increased dyspnoea at exertion,
despite standard heart failure therapy. The EF was initially 14% and a
76 mm LVEDD was recorded. A repeated EMB analysis showed clas-
sical CD20þ B-lymphocytes infiltrates. Whereas a 4-week post first
dose examination showed no basal echocardiographic changes, an
improvement of EF from 15 to 23% accompanied with a change in
LVEDD (65 mm) was found at 6 months after the second RTX
administration.

Patient 5
Patient 5 was a 73-year-old woman with a 4-year history of DCM.
Initially, the EF was about 14%. Neither macrophages, T-lymphocytes,
nor a significant persistence of cardiotropic viruses were detected in
the first EMB. No specific treatment options could be offered. At that
time, no investigation for CD20þ B-lymphocytes had been

established. The EF improved up to 24% according to standard heart
failure therapy, which included a CRT system. Over the years, she
suffered more and more from heart failure symptoms, accompanied
by a rise in NT-proBNP levels and a reduction in 6 min walking dis-
tance. The EF and LVEDD remained unchanged, but LV contractility
reserve started to decline as documented by a stress TTE examin-
ation. Re-evaluation of her former taken EMBs showed a significant
infiltration of CD20 B-lymphocytes, which were confirmed in a re-
peat EMB. At that time, RTX was initiated. We found a very rapid im-
provement of EF already after the first RTX infusion. A follow-up
TTE prior to the second RTX administration showed a significantly
smaller left ventricle (LVEDD: 72–60 mm) with an increased EF up to
37%, compared to baseline 4 weeks after treatment initiation. After
the second dose administration, echocardiographic parameters
remained stable. Without changes of the symptomatic heart failure
therapy, NT-proBNP values decreased from 7800 to 4230 pg/mL,
whereas NYHA functional class improved from III to II and the 6-
min-walk test showed an improvement from 350 to 420 m.

Patient 6
Patient 6 was a 47-year-old man who suffered from a mild borderline
myocarditis (EF 53%, LVEDD 63 mm) which had resolved spontan-
eously as documented by two follow-up biopsies 4 and 8 months
after baseline EMB. LVEF remained mildly reduced (EF 49%, LVEDD
59 mm). An anti-inflammatory treatment and further biopsies were
declined by the patient. Five years later, the patient presented with
significant worsening of his cardiac function (EF 22%, LVEDD 72 mm)
despite only mild heart failure symptoms (NYHA II). Endomyocardial
biopsies revealed a pronounced virus-negative myocardial inflamma-
tion with elevated CD3 (107 cells/mm2) and CD20þ B-lymphocytes
(9.2 cells/mm2). Upon a 6 months treatment with prednisolone and

....................................................................................................................................................................................................................

Table 1 Baseline and post-treatment characteristics of the patients

Patient 1 2 3 4 5 6

Age at diagnosis (years) 56 68 76 70 73 47

Sex Female Female Male Male Female Male

NYHA class at diagnosis IV III–IV III IV III II

NYHA class 8 weeks after treatment II I–II II III II II

LVEF at diagnosis (%) 29 45 19 14 24 22

LVEF 4 weeks after treatment (%) 46 53 31 23 37 25

LVEDD at diagnosis (mm) 57 55 70 76 72 74

LVEDD after treatment (mm) 47 44 64 65 60 72

CD20þ count in diagnostic biopsy (cells/mm2) 20.25 633 11 >7 >7 10

CD20þ count in follow-up biopsy (cells/mm2) ND ND 6.52 ND ND 17.5

CD3þ count in diagnostic biopsy (cells/mm2) 7.4 638 8.5 10.2 3.1 23

CD3þ count in follow-up biopsy (cells/mm2) 2.8 6.3 6.2 6 6.8 82

Mac-1 count in diagnostic biopsy (cells/mm2) 43 230 38.4 60.7 30.8 48.57

Mac-1 count in follow-up biopsy (cells/mm2) 16.3 30 43.3 21.1 52 120

NT-proBNP at diagnosis (pg/mL) 2544 3316 15 318 1555 7800 1329

NT-proBNP after treatment (pg/mL) 1293 362 11 814 2197 4230 789

LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; ND, not detectable (below technical detection limit); NT-proBNP, N-terminal pro-B-
type natriuretic peptide.

4 C. Tschöpe et al.
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azathioprine systolic LV function did not improve (EF 22%, LVEDD
74 mm). CD3-positive-lymphocytes decreased moderately (23 cells/
mm2), while CD20þ B cells remained unchanged (10 cells/mm2).
Since B cells often decline when T cells are reduced spontaneously
or upon treatment, we suggested a CD20þ B-lymphocyte-driven
myocarditis and started a RTX intervention. The control EMB 4
months after treatment revealed a more focally clustered persistent
inflammatory cardiomyopathy with increased T-lymphocytes
(82 cells/mm2) and CD20þ B-lymphocytes (17.5 cells/mm2).
Myocardial function remained severely restricted (EF 25%, LVEDD
72 mm).

Endomyocardial biopsies material from Patients 1 and 2 further
allowed extra experimental insights. RTX treatment led to a reduc-
tion in cardiac inflammation as seen by a drop in the EMB mRNA ex-
pression of adhesion molecules (VCAM-1 and ICAM-1) as well as of
the proinflammatory cytokines TNF-a and IL-18. Furthermore, in
Patient 1, RTX led to a reduction in the activation of the innate im-
munity, which follows from the 3.0-, 6.5-, 5.8-, 5.6-, 6.3-, and 22-fold
reduction in the mRNA expression of triggers and components of
the NLRP3 inflammasome NOD-2, S100A9, S100A8, NLRP3, cas-
pase 1, and IL1b, respectively. Similar observations were seen in
Patient 2.

Discussion

Our case series describe for the first time the existence of a spe-
cific CD20þ B-lymphocyte-driven DCMi, which can profit from
RTX. Recent experimental data foster the important role of B
cells in myocardial remodelling.11,13,14,16 However, although
CD20þ and CD138þ cells differed in their staining pattern, the
reduction of CD20þ B-lymphocytes may indirectly limit the pro-
duction of anti-myocardial antibodies and B-cell-mediated T-cell
activation in the myocardium.11 Yet, the underlying mechanisms
remain to be fully elucidated. It should be emphasized that indi-
vidual outcomes are not representative, yet the pharmacodynam-
ics of RTX in DCMi patients remains to be shown in a
controlled clinical trial.

Patient 1 and 2 experienced the most distinct improvement as
seen in TTE accompanied by an improvement in haemodynamic
parameters. Patient 1 was the youngest subject who received RTX
and had a short medical history of heart failure. Both factors may
have contributed to this favourable outcome. However, a spontan-
eous self-healing mechanism cannot be completely excluded in this
case.5 Patient 2, who initially showed massive CD3þ and CD20þ
lymphocyte infiltrates and did not respond after immunosuppressive
therapy with steroids and azathioprine, healed after RTX.
Nevertheless, the cases 3–5 showed a disease onset, years before
RTX initiation. A spontaneous healing mechanism can be excluded,
especially since we found a very fast long-acting improvement of car-
diac function shortly after initiation of RTX intervention. RTX admin-
istrations favourably influenced the course of the disease as shown by
angiography, TTE, and haemodynamics, except for Patient 6, which
we cannot explain and probably just indicate that also under RTX
non-responder exists.

In conclusion, patients with prominent CD20þ B-lymphocytes
persistence can profit from RTX. In addition, we generally

recommend to include the evaluation of CD20þ B-lymphocyte pres-
ence into the routine EMB diagnostics.
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