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Melanomas contain distinct cell subpopulations. Several 
of these subpopulations, including one expressing 
CD20, may harbor stem cell-like or tumor-initiating 
characteristics. We hypothesized that patients at high 
risk of disease recurrence could benefit from an adju-
vant anti-CD20 therapy. Therefore, we initiated a small 
pilot trial to study the effect of the anti-CD20 antibody 
rituximab in a group of melanoma patients with stage 
IV metastatic disease who had been rendered without 
evident disease by way of surgery, chemotherapy and/or 
radiation therapy. The major objective was safety, while 
secondary objectives were description of recurrence-free 
intervals (RFI) and overall survival (OS). Nine patients 
received rituximab at 375 mg/m2 qw for 4 weeks fol-
lowed by a maintenance therapy every 8 weeks. Treat-
ment was discontinued after 2 years or with disease 
recurrence. Treatment was well tolerated. After a median 
observation of 42 months, the median neither of RFI nor 
of OS has been reached. Despite therapy that ended after 
2 years, six out of nine patients are still alive and five of 
them are recurrence-free. Though the patient number is 
too small for definitive conclusions, our data may repre-
sent a first example of the potential therapeutic value of 
targeting CD20+ cell populations—at least for a subset 
of patients.

Received 3 November 2011; accepted 27 January 2012; advance online 
publication 21 February 2012. doi:10.1038/mt.2012.27

Introduction
Once melanoma has spread to visceral sites, the usual outcome is 
bleak with a median survival of 7–10 months and a 10-year survival 
rate of around 10%.1 While significant therapeutic progress has 
been achieved with the development of targeted and novel immu-
nomodulatory therapies,2,3 the majority of clinical responses are 
still incomplete and/or disappointingly short-lived. A subgroup of 
metastatic melanoma patients may benefit from complete metas-
tasectomy. These patients have a reported 5–7 months median 

recurrence-free interval (RFI) and, at best, a 19–21 month median 
overall survival (OS) as observed in large prospective clinical tri-
als and retrospective analyses from extensive patient databases.4–8 
After complete metastasectomy, immunotherapies aimed at pre-
venting disease recurrence have shown some promise in small, 
uncontrolled prospective clinical trials9,10 and are currently evalu-
ated in larger prospective trials. So far, however, no adjuvant treat-
ment of stage IV melanoma patients has proved preferable to close 
observation aimed at early detection and surgical management of 
disease recurrence.11

Melanomas, like other malignancies, contain distinct cell sub-
populations.12,13 Work on these subpopulations originated with the 
description of so-called cancer stem cells, first in hematopoietic 
and  brain tumors and more recently in many other tumors 
(reviewed in refs. 13,14). With their exceptional capacity to self-
renew and differentiate into diverse cell populations, these cells 
may be key to the functional heterogeneity of cancer15 and may thus 
have major translational impact. In melanoma, several subpopula-
tions with the capacity of self-renewal, differentiation, tumorige-
nicity and/or drug resistance have been described,14,16–23 including 
one expressing the B cell marker CD20.18 CD20 was initially iden-
tified on a small percentage of human melanoma cells when cul-
tured in embryonic stem cell medium and found on nonadherent 
spheres. These CD20+ melanoma cells followed the definition of 
tumor stem cells,24 i.e., they self-renewed and differentiated into 
several cell lineages. CD20+ melanoma cells were highly tumori-
genic in vivo after xenotransplantation, indicating that these cells 
exhibit tumor-initiating capacity.18 Consistently, Schmidt et al. 
observed in a preclinical cell-based xenograft model an inhibition 
of growth and recurrence of highly tumorigenic human melanoma 
cells by specific targeting of the CD20+ subpopulation with autolo-
gous T cells genetically engineered to express a chimeric CD3ζ/
CD20 antigen receptor.25

We hypothesized that melanoma patients at high risk of disease 
recurrence could benefit from an adjuvant therapy specifically tar-
geting this tumor-initiating subpopulation. We have therefore initi-
ated a small pilot trial to study the effect of the anti-CD20 antibody 
rituximab on disease recurrence in a group of melanoma patients 
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with stage IV metastatic disease1 who had been rendered disease-
free by way of surgery, chemotherapy, and/or radiation therapy.

Results
Patient characteristics
The study population consisted of nine patients (seven male, two 
female); baseline demographic and clinical characteristics are 
given in Table 1. All patients had clinical stage IV disease with 
metastatic lesions affecting at least two body sites. One patient 
presented with a history of M1a disease (distant skin, subcuta-
neous, or nodal metastases), two patients with a history of M1b 
disease (lung metastases) and six patients with a history of M1c 
disease (all other visceral metastases).1 Three patients had had 
brain metastases. Most patients had received multiple systemic 
and/or localized therapies including (multiagent) chemotherapy, 
various immunotherapies, radiation therapy and/or chemoembo-
lization before inclusion into the trial. One patient had undergone 
only complete metastasectomy (Table 1). Of note, eight patients 
reported a disease history with at least one episode where all met-
astatic disease was initially fully responsive to conventional thera-
pies and/or grossly resected, but disease recurred over time. The 
length of each of these RFIs is given in Figure 1. Some patients 
had experienced several of these episodes during stage IV disease 
(Figure 1, patients #1, #2, #6, #9).

Safety
Rituximab treatment was well tolerated, there were no doses-
limiting toxicities. The majority of nonlaboratory adverse event 

were NCI-CTC (v. 3.0.) grade 1/2 (n = 58; mostly respiratory 
disorders such as pharyngitis, rhinitis), the one grade 3 event 
(thrombosis requiring anticoagulation therapy) was judged to be 
treatment-unrelated. Laboratory adverse events were exclusively 
CTC grade 1/2 (n = 125; mostly liver function and hematology), 
there were no CTC grade 3/4 events. Serious adverse events did 
not occur, virus serology remained unchanged.

Clinical results
RFI and OS were defined as the time from initiation of therapy 
until documented recurrence of the disease and death, respec-
tively. As of May 2011, the median follow up time for RFI and OS 
is 42 months. Despite therapy cessation after 2 years, six out of 
nine (66%) patients are still alive and five of them are recurrence-
free. So far, the median neither of RFI nor of OS has been reached. 
The median of RFI is 42+ months (mean: 27.4+) as is the median 
of OS (42+ months, mean: 37.9+). One patient has been alive for 
39+ months and showed only local recurrence of the disease. The 
other patients experienced a disease recurrence after 6–13 months 
of therapy and died from the disease later on (at 27–37 months, 
respectively). The duration of the RFIs following anti-CD20 ther-
apy is given in Figure 2.

We are aware that the trial patients represent a nonstandard 
population, reflecting the heterogeneity of the disease along with 
the low frequency of standard therapies to induce complete remis-
sions of established metastatic stage IV disease. In our patients, 
NED was observed after (poly-) chemotherapy or obtained by 
complete metasasectomy, occasionally in combination with 

Table 1  Baseline patients’ demographic and clinical characteristics

Patient 
no.

Age (years), 
gender

ECOG perf. 
status

TNM  
(AJCC 2002)

Metastasis

Prior therapies
Last therapy before 
rituximab

Number 
of sites Sites

1 34, m 0 M1c 2 Lymph node, gastrointestinal 
tract

Surgery, HD-IFNα,  
DC-vaccination, chemotherapy 
(carboplatin)

Surgery

2 65, m 1 M1c 4 Gastrointestinal tract, brain, 
lymph nodes

Gamma knife, surgery,  
LD-IFNα, DC-vaccination, 
polychemotherapy (TVP)

Polychemotherapy 
(TVP) + gamma knife 
(brain)

3 29, m 0 M1c 2 Liver, lymph nodes Surgery, chemoembolization  
of liver metastasis

Chemoembolization

4 50, m 1 M1b 3 Skin, lymph nodes, lung Surgery, LD-IFNα, radiation 
therapy, chemotherapy  
(treosulfan, fotemustine)

Chemotherapy 
(fotemustine)

5 83, m 1 M1c 2 Lymph node, brain Lymph node dissection, gamma 
knife, chemotherapy (dacarbazine)

Surgery + gamma 
knife (brain)

6 64, m 0 M1b 2 Lymph node, lung Surgery, LD-IFNα + LD-IL2 Surgery

7 47, f 0 M1a 2 Skin, lymph nodes (diverse 
sites)

Surgery Surgery

8 68, f 1 M1c 2 Liver, lymph nodes DC-vaccination, chemotherapy 
(dacarbazine, fotemustine), 
polychemotherapy (TVP)

Polychemotherapy 
(TVP)

9 73, m 1 M1c 3 Skin, lymph node, brain LD-IFNα, chemotherapy 
(dacarbazine), gamma knife, 
surgery

Surgery

Abbreviations: DC, dendritic cells; HD, high-dose; IFN, interferon; LD, low-dose; M1a disease, distant skin, subcutaneous, or nodal metastases; M1b disease, lung 
metastases; M1c disease, all other visceral metastases. TVP, Temozolamide, Vinblastin, Carboplatin.
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local radiation therapy of the brain (see also Table  1). The 
reported median of RFIs following these therapies varies from 
<4 months after chemotherapy26 to 5–7 months after complete 
metastasectomy.4–8 Consistently, the median of RFIs in our trial 
patients was 6 months (as reported before inclusion into the trial, 
see Figure  1). In contrast, the median of RFI in the very same 
patients following anti-CD20 therapy is 42+ (mean: 27.4+) months 
(Figure 2, P = 0.0008, logrank test).

Patients with or without disease recurrence were comparable 
for the time period from onset of stage IV disease until initia-
tion of anti-CD20 therapy [patients with recurrence (median: 21, 
range 2–36 months) versus without recurrence (median: 24, range 
3–48 months)] and established prognostic factors27 such as per-
formance status [patients with recurrence (50% each ECOG grade 
0 and 1) versus without recurrence (40% grade 0, 60% grade 1)], 
history of brain metastases [patients with recurrence (25%) versus 
without recurrence (40%)], previous disease progression accord-
ing to M category1 [patients with recurrence (1 × M1a, 1 × M1b, 

2 × M1c) versus patients without recurrence (2 × M1b, 4 × M1c)], 
and age at initiation of anti-CD20 therapy [patients with recur-
rence (mean: 63 years) versus without disease recurrence (mean: 
52.2 years, Table 1)].

Biomarkers of therapy
In an attempt to identify biomarkers of anti-CD20 treatment in 
melanoma patients or correlation with the clinical course, we 
analyzed several phenotypic parameters. For immunophenotyp-
ing, paired peripheral blood mononuclear cells samples obtained 
before and during therapy were available from eight trial patients 
(one patient excluded due to a sampling failure).

As expected, immunophenotyping of peripheral blood mono-
nuclear cells showed a consistent loss of CD19+ B lymphocytes 
during anti-CD20 therapy, as demonstrated in samples collected 
at week 4 (Figure  3) and at 6 and 18 months (Figure  4). We 
did not observe any consistent changes in the absolute or rela-
tive numbers of CD3+CD4+, CD3+CD8+, CD16+CD56+, and 
CD4+CD25+CD127− lymphocytes during therapy, neither early 
at week 4 (Figure 3) nor later at 6 or 18 months (Figure 4).

Presence of CD20+ melanoma cells and lymphocytes 
in tumor samples
We had access to metastatic melanoma samples collected from 
seven patients before anti-CD20 treatment. These tissue samples 
were analyzed for the presence of the CD20+ melanoma cells and 
lymphocytes. CD20+ melanoma cells were identified by costaining 
for the β3 integrin subunit, because the expression of β3 integrin is 
restricted to tumor cells in human melanoma tissues and CD20+ 
melanoma spheres have been shown to coexpress the β3 integrin 
subunit.18 CD20+ β3 integrin+ cells were observed in five out of 
seven tumor lesions (from three patients with and two patients 
without disease recurrence), in two samples (from one patient 
with and one patient without disease recurrence) these cells could 
not be detected. CD20+ β3 integrin+ cells were distributed within 
the tumors either as single cells or as small clusters (Figure 5), in 
each sample the frequency was below 1% of tumor cells.

CD20+ lymphocytes were present in each tumor sample, 
preferentially grouped in small clusters at the rim of the tumor 
(Figure  5). Sometimes we observed single CD20+ lymphocytes 
between tumor cells. Consistent with previous reports,28,29 the fre-
quency of CD20+ lymphocytes ranged between around 5 and 20% 
of tumor-infiltrating lymphocytes. We also had the chance to col-
lect a post-treatment tumor sample from a patient with disease-
recurrence. Here, neither CD20+ lymphocytes nor CD20+ 
melanoma cells could be detected.

Discussion
Whether heterogeneity of melanoma cells in phenotype and func-
tion is following a deterministic model driven by small subpopu-
lations of cancer stem cells or a stochastic model resulting from 
the same probability of virtually all tumor cells to generate distinct 
subpopulations, or rather both models via bidirectional intercon-
vertibility is still a matter of debate.12–14,30 All models, however, are 
consistent with a new understanding of the complex biology of the 
disease as a dynamic process mediated by generation of sporadi-
cally present subpopulations through epigenetic changes31 and/or 
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Figure 1 R ecurrence-free intervals (RFIs) in melanoma patents following 
conventional therapeutic strategies. Before inclusion into the trial, most 
patients had a stage IV metastatic disease history of at least one episode 
where all disease disappeared following standard therapies and/or was 
grossly resected, but recurred over time. The duration of each RFI is 
given in months. Consistent with published data, the median RFI was 
6 months. Note, that patients #1, #2, #6, and #9 experienced several of 
these episodes, patient #7 experienced none.
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Figure 2 R ecurrence-free intervals (RFIs) in melanoma patents following 
anti-CD20 therapy. So far, the median of RFI has not been reached. Patients 
#1 to #5 are still tumor-free, although anti-CD20 therapy has been terminated 
after 2 years. The median RFI following anti-CD20 therapy is 42+ months 
(mean: 27.4+). Patients #6 to #9 experienced disease recurrence at the 
time points given in the graph, patients #7 to #9 died from the disease.
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microenvironmental factors that determine clonal dominance.32 
Chemotherapeutic drugs, radiation treatment33,34 and presumably 
host immunity35 may impose a pressure to induce tumor-initiating 
subpopulations. Work on cancer stem cell niches further suggests 
that cytokines, soluble growth factors and extracellular matrix 
components such as osteopontin may provide a local microenvi-
ronment to sustain these subpopulations.32,36 As a result, patients 
who initially profited from conventional therapies will develop 
disease recurrence over time.

The recently identified CD20-expressing melanoma subpopu-
lation is characterized by self-renewal, differentiation into several 
cell lineages and high tumorigenicity in cell-based in vitro and in 
vivo studies.18 Consistently, Schmidt et al. have described a highly 
tumorigenic human melanoma subpopulation that expressed high 
molecular weight melanoma-associated antigen/melanoma-asso-
ciated chondroitin sulfate proteoglycan and contained a CD20+ 

population with a CD44+CD61+CD24−CD34− cancer stem cell 
phenotype.25 The possible physiological and therapeutic relevance 
of this subpopulation is underpinned by the recent observation 
that anti-CD20 immunotherapy can inhibit growth and recur-
rence25 of human melanoma cells in preclinical xenograft models 
and, perhaps more strikingly, by our own observations in a subset 
of melanoma patients subjected to CD20-immunotargeting. As we 
are about to learn more about the biological significance of tumor 
cell subpopulations, we expect that their targeting will become 
an integral part of future therapeutic strategies, either aimed at 
the prevention of recurrence or at the elimination of established 
disease.

Our study represents a first example of the potential value of this 
strategy in the clinics, but also of its current limitations. Targeting 
a single subpopulation may not be sufficient to completely inhibit 
human melanoma growth in xenotransplantation models25 or to 
prevent recurrence in more than a subset of patients. In our trial, we 
could not differentiate between patients with disease recurrence from 
those without it by use of known prognostic factors. It can thus be 
concluded that the development not only of more effective (combi-
nation) therapies, but also of biomarkers for identification of patients 
who may potentially benefit from this kind of therapy is essential. 
Data from Schmidt et al.25 have given a first clue about the nature of 
a potential biomarker, i.e., the frequency of CD20+ melanoma cells 
in pretreatment tumor specimens. Consistently, we detected CD20+ 
cells in pretreatment melanoma lesions. Unfortunately, the low fre-
quency of CD20+ melanoma cells, the small number of patients and 
the heterogeneity of the patient cohort did not allow any definitive 
statements beyond the purely descriptive observations provided 
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here. Further biomarker studies accompanying future clinical trials 
in patients with established disease may help to evaluate the value 
of this particular biomarker and/or to develop alternative ones. 
Immunotherapy may represent one promising approach to target 
subpopulations,22,25 however, as with cancer stem cells, some of the 
melanoma-initiating subpopulations share remarkable phenotypic 
and functional similarities with normal stem cells.15 Therefore, it 
may be difficult to develop systemic immunotherapeutic approaches 
to specifically kill melanoma subpopulations. For the time being, 
CD20 seems to be an especially attractive target as its expression is 
highly restricted. Additionally, well-characterized antibodies (Abs) 
against CD20 are available, allowing even prolonged therapies with 
good tolerability and feasibility.

As expected, we also observed depletion of B lymphocytes in the 
peripheral blood. B lymphocytes are the central component of the 
humoral immune system and play important roles in immunity via 
Ab-dependent and Ab-independent mechanisms. B lymphocytes 
may also contribute to tumor initiation as initially hypothesized by 
comparison of wild-type with B cell-deficient mice.37 Most recently, 
animal models of de novo carcinogenesis identified two underlying 
mechanisms, i.e., promotion of chronic inflammation through cir-
culating B cells via IgG-mediated stimulation of activating FcγR on 
tumor-resident and recruited myeloid cells38 and secretion of proin-
flammatory cytokines by tumor-infiltrating B cells.39 Consistently, 
most melanoma patients mount tumor-specific autoantibody 
responses as identified by serological cloning methods40 and mela-
noma tumors frequently contain CD20+ lymphocytes.28 While 
resting B cells do not activate resting T cells,41 tumor-infiltrating 
B cells have documented antitumorigenic effects through mecha-
nisms such as direct or indirect antigen-presentation, enhancement 
of T cell responses by secretion of stimulatory cytokines, direct 
Ab-independent cytotoxicity, or secretion of chemokines promot-
ing the formation of tertiary lymphoid structures (reviewed in ref. 
42). Given this functional heterogeneity, the role of B cells in the 
cancer context is still to be defined. Accordingly, CD20 depletion in 
preclinical in vivo models has resulted in enhancement of43 as well 
as protection against44 the growth of transplanted tumors. While 
we did not find evidence for melanoma-promoting effects of anti-
CD20 therapy in our patient cohort, we also did not for the induc-
tion of antitumor immunity, neither in phenotypic analyses nor by 
occurrence of clinical autoimmune phenomena such as induction 
of vitiligo.

We conclude that adjuvant immunotargeting of CD20 with 
mAbs offers an attractive and immediately available therapeutic 
option with an excellent safety profile, even in heavily pretreated 
melanoma patients. However, the patient cohort enrolled in this 
study is highly heterogeneous and this may have affected the 
observed clinical results. Thus, application of these initial and pre-
liminary clinical observations through carefully designed trials is 
highly warranted and may open up a new perspective for a more 
effective and better tolerated treatment option for at least a subset 
of patients suffering from high-risk or metastatic melanoma.

Materials and Methods
Patient eligibility criteria. Eligibility criteria were: age ≥18 years; biopsy-
confirmed nonocular metastatic melanoma, clinical stage IV according to 
AJCC 2002,45 no detectable disease after therapeutic intervention. Exclusion 
criteria were: prior treatment with an anti-CD20 antibody, ECOG perfor-
mance status ≤2, radiation or chemo-/immunotherapy < 4 weeks prior to 
study entry; LDH- and S100- or MIA-serology >upper limit of normal; 
active infection incl. HIV, hepatitis B and C infection; pregnant and lactat-
ing females; history of other invasive cancers within the past 5 years.

Study design. This study (EudraCT number: 2007-005125-30) was an 
open label, single-arm, investigator-initiated pilot phase I trial. All patients 
were enrolled at the Medical University of Vienna under a protocol 
approved by the institutional review board (457/2007) and the Austrian 
health authority. The study was conducted according to the principles 
embodied in the Declaration of Helsinki Principles and supervised by a 
Data and Safety Monitoring Board of the Medical University of Vienna. 
All patients provided written informed consent. All patients had had doc-
umented biopsy-proven clinical stage IV melanoma and all disease had 
to be either responsive to systemic or localized therapeutic interventions 
or grossly resected within 8 weeks before enrollment into the trial. At the 
start of rituximab treatment, all patients had no evidence of disease (NED) 
as documented by tumor imaging, physical examination and LDH- and 
S100- or MIA-serology. Patients with a history of successfully treated brain 
metastases could be included.

The major objective of this pilot trial was to determine safety, because 
rituximab—an immunosuppressive agent—was given to a vulnerable 
patient collective, namely (in most cases heavily) pretreated patients 
suffering from a highly immunogenic tumor. Secondary objectives were 
description of RFI and OS. Rituximab was administered at a dose and 
schedule established in follicular lymphoma patients,46 i.e., induction 
treatment with 375 mg/m2 qw for 4 weeks followed by maintenance therapy 
with 375 mg/m2 every 8 weeks. Treatment was stopped after 2 years or 
with recurrence of disease (as to tumor imaging, physical examination, 
or LDH- and S100- or MIA-serology >upper limit of normal performed 

Figure 5  Immunofluoresence imaging of a double immunostaining to detect CD20+ cells in human metastatic melanoma samples. Laser scan 
microscopy of immunostainings for CD20 (red, left panel), β3 integrin (green, middle left panel) and a merger of both (middle right panel). White 
arrows denote a melanoma subpopulation as identified by coexpression of CD20 and β3 integrin. In the right lower quadrant, red-stained collections 
of CD20+ β3 integrin− lymphocytes can be found. Right panel: close ups from another melanoma sample [from top to bottom: staining for CD20 
(red), β3 integrin (green), merger]. Nuclear staining with DAPI (blue).
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every 8 weeks). After 2 years, recurrence-free patients were followed only 
by physical examination and LDH-, S100-, MIA-serology every month as 
well as tumor imaging every 3 months. Patients with progressive disease 
received salvage therapies (including chemotherapy, radiation therapy, 
experimental vaccination) and were followed for survival.

Study assessments. Safety evaluations were conducted at baseline and at 
each visit thereafter and consisted of history taking and physical exami-
nation. CBC, serum biochemistry, baseline coagulation, coombs testing, 
quantitative immunoglobulins, complement C3/C4/CH50 levels and virus 
serology were evaluated at baseline and every 8 weeks in the first 2 years 
and graded according to the National Cancer Institute Common Toxicity 
Criteria (NCI-CTC) version 3.0. Radiologic assessments included com-
plete tumor imaging (computed tomography scan or magnetic resonance 
imaging of chest, abdomen/pelvis, and brain or whole body positron emis-
sion tomography/computed tomography) and were performed every 8 
weeks in the first 2 years, thereafter every 3 months (follow-up). Scans were 
read by the study-radiologist/nuclear medicine physician, who decided on 
continuation of the therapy.

Immunological analyses. Peripheral blood mononuclear cells were 
analyzed by four-color flow cytometry at indicated time points. B cells, 
CD4+ T cells, CD8+ T cells, NK cells and regulatory T cells were gated 
on a two-laser flow cytometer (FACSCalibur; BD Biosciences, San 
Jose, CA) as CD19+, CD3+CD4+, CD3+CD8+, CD16+CD56+, and 
CD4+CD25+CD127− lymphocytes, respectively. Fluorochrome-labeled 
monoclonal antibodies directed against CD3, CD4, CD8, CD16, CD25, 
CD56, and CD127 were obtained from BD Biosciences. Percentages of 
positive cells were calculated.

Immunostainings of pretreatment tumor tissues. Immunostainings of 
human tumor tissues were performed essentially as described.47 Briefly, for-
malin-fixed paraffin-embedded tissue sections were subjected to epitope-
retrieval by target retrieval solution (Dako, Glostrup, Denmark) and CD20 
and β3 integrin expression visualized with fluorochromes Alexa633 and 
Alexa488, respectively. Antibodies were mouse monoclonal anti-CD20 
(clone L26, Dako) and mouse monoclonal anti-β3 integrin (clone 23C6, 
BD Biosciences). Secondary antibodies were Alexa633-conjugated goat 
anti-mouse IgG2A and Alexa488-conjugated goat anti-mouse IgG1 (both 
Life Technologies, Grand Island, NY). Normal mouse serum was substi-
tuted for the primary antibody in each case as a negative control. Nuclei 
were counterstained with DAPI (4′,6-diamidino-2-phenylindole). The 
stained sections were read by confocal scanning microscopy (LSM510; 
Zeiss, Jena, Germany).
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