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ZAP-70+ B Cell Subset Influences Response to B Cell
Depletion Therapy and Early Repopulation in
Rheumatoid Arthritis
ELISA GREMESE, BARBARA TOLUSSO, ANNA LAURA FEDELE, SILVIA CANESTRI, STEFANO ALIVERNINI,
and GIANFRANCO FERRACCIOLI

ABSTRACT. Objective. To define the role of ZAP-70+ B cells (CD19+/ZAP-70+) as a biomarker of response to
B cell depletion therapy (BCDT), their relationship with clinical outcome, and their behavior during
repopulation of peripheral blood in patients with rheumatoid arthritis (RA).
Methods. Thirty-one patients with RA underwent BCDT and were followed for 12 months. Disease
activity was assessed with the European League Against Rheumatism (EULAR) criteria.
Cytofluorimetric analysis of peripheral blood B cell subsets at baseline and at 6- and 12-month inter-
vals after BCDT was performed using surface markers (CD45, CD3, CD56, CD19, IgD, CD38,
CD27) and intracellular ZAP-70.
Results. A moderate/good EULAR response was achieved in 66.6% of the RA cohort. The baseline
percentage of CD19+/ZAP-70+ cells was lower in good responder patients (1.8% ± 1.7%) compared
to poor responders (5.6% ± 4.9%; p = 0.02). A decrease of plasmablasts (IgD-CD27+CD38+) and
pre-switch memory (IgD+CD27+) B cells occurred after BCDT. Recovery of B cells in peripheral
blood after the first course of BCDT was characterized by the reappearance of B cell subtypes that
showed a naive, activated phenotype, coupled with a decrease in memory cells. B cells carrying
intracytoplasmic ZAP-70 increased significantly from the baseline value of 4.4% ± 4.5% to 12.4%
± 9.2% (p = 0.001) at the 6-month and to 9.4% ± 6.4% (p = 0.002) at the 12-month followup.
Conclusion. Baseline percentage of CD19+/ZAP-70+ cells is associated with the clinical outcome
after BCDT in patients with RA. Depletion of plasmablasts and pre-switch memory B cells and
increase of CD19+/ZAP-70+ cells are features of the recovery of the B cell pool after BCDT. 
(First Release Sept 15 2012; J Rheumatol 2012;39:2276–85; doi:10.3899/jrheum.120153)
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Rheumatoid arthritis (RA) is a chronic inflammatory disease
whose course is influenced by the early phase, which repre-
sents a crucial period for therapeutic intervention1,2,3.
Among several pathways involved in the autoimmune
homeostasis in RA, the complex deregulation of B lympho-
cytes has rendered these cells such good therapeutic targets
that novel treatment regimens affecting B cells have recent-
ly been developed4.

Rituximab (RTX) successfully depletes CD20-express-
ing B cells by directly targeting the intermediate B cell
stages. RTX does not affect pre-B cells and long-lived plas-
ma cells5,6. CD20+ B cell depletion in RA is complete at 1
month after the start of a single treatment and it is sustained
for several months7. RTX acts on B cells through different
mechanisms such as apoptosis and antibody-dependent and
complement-dependent cytotoxicity8.

There are, however, no confirmatory data on how B cell
depletion can exert its clinical effect, since B cell depletion
at the synovial level is often incomplete even in good
responders9,10,11. Despite effective depletion of circulating
B cells in nearly all treated patients, a substantial percentage
of patients usually do not respond to RTX treatment. Since
RTX depletes circulating B cells equally in responders and
nonresponders, the mechanism by which the clinical
response is achieved is not entirely clear12.

It has been demonstrated that clinical response to B cell
depletion therapy (BCDT) is related to the serological sta-
tus, with positivity for rheumatoid factor (RF) and/or
anti-citrullinated protein antibodies (ACPA) associated with
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a better clinical outcome. Further, previous exposure to
more than one anti-tumor necrosis factor-α (anti-TNF-α)
agent has been found to be related to a poor response13,14,15.

One of the most challenging issues is the identification of
biomarkers for therapeutic outcome. Thus the influence of B
cell subsets warrants further investigation.

The cytofluorimetric assay is a useful tool to examine
changes induced in the B cell compartment by RTX. Studies
investigating the presence and distribution of B cells in
peripheral blood and bone marrow before and after BCDT
with RTX have shown that naive B cells represent the first
B cell subset in the repopulation phase, followed by the
memory B cell pool16,17,18. There has been increasing inter-
est in molecular or cellular markers that predict which
patients could benefit from BCDT.

ZAP-70, a tyrosine kinase constitutively expressed in T
cells, is fundamental for their development and activation
because the molecule is a key regulator of signal transduc-
tion of the T cell receptor, as demonstrated by the severe
immunodeficiency status that arises in those individuals
who lack ZAP-7019. Recent studies have demonstrated that
ZAP-70 can be expressed by B cells, particularly in chronic
lymphocytic leukemia (CLL), in which ZAP-70 enhances B
cell receptor signaling. ZAP-70 was found to be a crucial
prognostic factor in CLL20. Recent research by our group
focused on the expression of ZAP-70 by B cells in both syn-
ovial fluid and tissue from patients with RA21,22. In synovial
fluid, the presence of ZAP-70+ B cells showed a correlation
with expression of autoantibodies and levels of inflammato-
ry cytokines such as interleukin 6 (IL-6) and B cell activat-
ing factor (BAFF). In the synovial compartment, the pres-
ence of ZAP-70 was demonstrated in B cells exhibiting a
memory/plasmablast phenotype and characterized an aggre-
gate pattern of synovitis.

We focused on the presence of circulating ZAP-70-posi-
tive B cells at baseline and after BCDT to define the pos -
sible role of these cells as biomarkers of response to treat-
ment. The secondary aim was to assess whether this B cell
subtype might be a marker of regeneration–repopulation
after the BCDT.

MATERIALS AND METHODS
Patients. Thirty-one patients with RA were treated with BCDT in the
Division of Rheumatology, Catholic University of the Sacred Heart,
between 2008 and 2011. All patients fulfilled the 1987 American College
of Rheumatology classification criteria23. They all had active disease and
had previous poor response to traditional disease-modifying antirheumatic
drugs (DMARD) and/or to anti-TNF-α therapy or presented comorbidities
contraindicating such therapy. The duration of followup ranged from 6 to
12 months and the number of patients with adequate data are indicated as
applicable. A group of healthy sex- and age-matched controls were also
enrolled.
Therapy. All patients received a first course of 2 infusions of intravenous
RTX 1 g two weeks apart. Steroid therapy was allowed at the maximal dose
of 7.5 mg prednisone daily. Patients received RTX with MTX at doses of
up to 20 mg/week or with other DMARD (leflunomide 20 mg/day or

chloroquine 4 mg/kg/day) when intolerant to MTX. After 6 months,
patients were stratified into 2 groups: those with low residual disease activ-
ity or good responders, i.e., Disease Activity Score (DAS) < 2.4 coupled
with a decrease of ≥ 1.2 from baseline; and those with high residual disease
activity or poor responders, i.e., DAS ≥ 2.4 and a decrease ≤ 1.2 from base-
line value. Subsequent courses of RTX were considered after at least 6
months in those patients who presented residual disease activity or exhibit-
ed a clinical relapse after the initial response, i.e., DAS worsening by 0.6.
In the former situation, retreatment was administered using a 2-infusion
scheme, i.e., 500 mg two weeks apart, while in the latter, RTX was admin-
istered using the hematological regimen (375 mg/m2 on Days 1, 7, 14, and
21). 
Clinical outcomes. Demographic and clinical data, Health Assessment
Questionnaire (HAQ) responses, and DAS findings were recorded at base-
line (T0) and at 3-month intervals for all patients. Treatment efficacy was
determined at 6 months (T6) and 12 months (T12) after the first RTX infu-
sion according to the European League Against Rheumatism (EULAR)
response criteria. The EULAR response criteria were used to classify
patients as good or moderate responders or nonresponders24.
Laboratory assessments. Erythrocyte sedimentation rate (ESR) and C-reac-
tive protein (CRP) levels, immunoglobulin levels, white blood cell counts,
and total number of peripheral lymphocytes and lymphocyte subpopula-
tions were evaluated at baseline and at 3, 6, and 12-month followup inter-
vals for each patient. 

Each patient was tested for RF isotypes (IgA and IgM RF), ACPA, and
anti-vimentin antibodies (MCV) at baseline and at 6-month intervals.
ACPA were measured using an ELISA method (Axis-Shield Diagnostics)
with positive level defined as ≥ 5 U/ml. Anti-MCV antibodies and RF IgA
and IgM isotypes were measured by ELISA (Orgentec Diagnostika GmbH)
and considered positive above a cutoff value of 20 U/ml as suggested by the
manufacturer. 

Plasma levels of IL-6 (Becton Dickinson Bioscience) and BAFF were
measured by ELISA (R&D Systems). The sensitivity of the test was 2.2
pg/ml for IL-6 and 3.8 pg/ml for BAFF.
B cell immunophenotyping. Peripheral blood samples were collected by
venipuncture into EDTA tubes at baseline and every 6 months thereafter
and were analyzed by flow cytometry for distribution of circulating B cell
subsets. Immunofluorescence labeling for flow cytometry was performed
by incubating 100 µl peripheral blood with anti-human monoclonal anti-
bodies. Cells were stained with anti-human antibodies specific for CD45
[antigen-presenting cell (APC)-A750], CD19 (APC-700), CD3 (ECD),
CD56 (ECD), CD38 (PC5 or APC), CD5 (APC), CD23 (APC), CD27
(PC7), and FITC-conjugated IgD (Beckman Coulter). After 20 min incuba-
tion, samples were fixed with 200 µl Reagent 1 (Beckman Coulter) for 15
min at room temperature in the dark. After washing, the pellet was incu-
bated with 200 µl Reagent 2 (Beckman Coulter) for 15 min at room tem-
perature in the dark. Samples were then incubated with PE-conjugated
ZAP-70-specific antibody (clone SBZAP; Beckman Coulter) for 30 min at
room temperature in the dark. After staining, the cells were washed and
immediately analyzed on a compensated 8-color Navios flow cytometer
and data were elaborated with the Kaluza program (Beckman Coulter).
Lymphocytes were gated on the basis of forward and side-scatter proper-
ties, confirmed through CD45 staining. B cell subsets were evaluated
through the expression of surface B cell markers according to IgD/CD38
and IgD/CD27 classifications (Appendix 1)16,25. Expression of ZAP-70 in
CD19+ cells (B cells) was measured according to the gating strategy pub-
lished by Crespo, et al26. The first gate was set on lymphocytes defined by
forward and side-scatter characteristics and expression of CD45. B cells
were defined as CD56- and CD3-negative and CD19-positive cells. At least
1000 events referred to as CD19-positive cells were acquired for each sam-
ple. All samples were then analyzed with a gate on CD3+CD56+ cells to
ensure that at least 10,000 T cells were acquired. The cutoff for ZAP-70
expression on B cells was set at 98% of ZAP-70 positivity of T and natural
killer cells (Appendix 1)21,26.
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Statistical analysis. Data were analyzed using SPSS v. 17.0 for Windows
and GraphPad Prism 5.0 software. Categorical and quantitative variables
were described as frequencies and percentages, means and SD. The
Kruskal-Wallis test was used to evaluate differences in continuous variables
among groups. Differences between 2 groups were tested by Mann-Whitney
U test. Categorical variables were analyzed by chi-square test or Fisher’s
exact test. The Wilcoxon test was used to compare B cell subpopulations and
soluble biomarkers during followup in the RA cohort. The Spearman rank
correlation test was used to evaluate the relationship between B cell sub-
populations and clinical and immunological characteristics.

A receiver-operating curve (ROC) analysis of continuous measures
(i.e., B cell subsets at baseline) significantly related to good EULAR
response 6 months after BCDT in RA patients was performed to obtain
rele vant thresholds allowing prediction of response to therapy at the indi-
vidual level. The nonparametric ROC plot uses all the data, makes no para-
metric assumptions, and provides unbiased estimates of sensitivity and
specificity. Calculation of area under the curve (AUC) provides a conven-
ient single number. AUC values ≥ 0.600 or ≤ 0.400 were considered to be
discriminative. The optimal cutoff point was determined to yield the maxi-
mum corresponding sensitivity and specificity. The variables related to
response to therapy with p ≤ 0.10 in univariate analysis were entered into a
multivariate logistic regression model in which good EULAR response 6
months after BCDT was the variable to be explained. Results are expressed
as OR and 95% CI. Statistical significance was defined as p < 0.05.

RESULTS
Baseline characteristics of the 31 patients with RA, the
group previously treated with anti-TNF and the group pre-
viously treated only with DMARD, and 30 controls are
shown in Table 1. At baseline, 22 (71.0%) of 31 patients had
a DAS > 3.7. At study entry, 25 patients (80.6%) were tak-
ing a daily low dose of corticosteroids (7.5 mg prednisone
or dose equivalent), while 22 (71.0%) were in stable treat-
ment with methotrexate 10–20 mg/week. Nineteen patients

(61.3%) had previously been treated with TNF-α blockers.
The main reason for withdrawal of anti-TNF therapy was
lack of efficacy in 15 patients (78.9%), while 4 patients
(21.1%) stopped anti-TNF treatment because of side effects.
Anti-TNF and DMARD-only previous treatment groups of
RA patients had similar baseline demographic and immuno-
logical characteristics, except for disease duration, which
was longer in the anti-TNF treatment group (p = 0.04).

At the time of the analysis, all patients had already
reached the 6-month followup, whereas only 25 patients had
completed the 12-month followup.
Inflammatory biomarkers in patients with RA and controls.
At baseline, patients with RA showed higher plasma levels
of IL-6 compared to controls (22.8 ± 37.5 pg/ml vs 0.91 ±
0.89 pg/ml; p < 0.001). No differences were seen in plasma
BAFF levels between patients with RA and controls at base-
line (592.24 ± 437.19 pg/ml vs 430.99 ± 174.88 pg/ml; p =
0.32); or in baseline plasma BAFF and IL-6 levels between
patients previously treated with anti-TNF or DMARD
[BAFF: 546.60 ± 323.28 pg/ml in anti-TNF-treated vs
662.78 ± 582.95 pg/ml in DMARD-treated patients (p =
0.93); IL-6: 32.49 ± 45.57 pg/ml in anti-TNF-treated vs 7.80
± 8.12 pg/ml in DMARD-treated patients (p = 0.23)].
Peripheral blood distribution of B cell subsets in patients
with RA and controls at baseline. At study entry, patients
with RA showed a significantly higher white blood cell
count compared to healthy controls (7645.5 ± 2801.9 vs
6047.3 ± 1288.7; p = 0.04). At study entry, no significant
differences were found in total lymphocytes and B cells
(percentage or absolute cell number) between patients with

Table 1. Baseline demographic, clinical, and immunological characteristics of patients with RA (previously treat-
ed with DMARD and anti-TNF) who had received B cell depletion therapy. Values are mean ± SD unless other-
wise indicated.

Characteristics RA Patients, Anti-TNF Group, DMARD Group, p
n = 31 n = 19 n = 12

Age, yrs 56.35 ± 14.2 54.1 ± 14.0 59.9 ± 14.4 0.35
Females, n (%) 28 (90.3) 17 (89.5) 11 (91.7) 0.84
Disease duration, yrs 12.6 ± 8.3 14.9 ± 8.7 9.0 ± 6.3 0.04
ESR, mm/h 41.7 ± 19.2 41.3 ± 18.7 42.4 ± 21.7 0.92
CRP, mg/l 21.3 ± 37.5 26.6 ± 47.0 13.3 ± 10.3 0.44
DAS 4.0 ± 1.3 4.59 ± 1.30 3.86 ± 1.24 0.92
HAQ 1.7 ± 0.9 1.59 ± 0.85 1.90 ± 0.86 0.29
MTX (10–20 mg/wk), n (%) 22 (71.0) 13 (68.4) 9 (75.0) 0.69
Low-dose corticosteroids (7.5 mg/day), n (%) 25 (80.6) 16 (84.2) 9 (75.0) 0.53
Previous anti-TNF-α therapy, n (%) 19 (61.3) — — —
ACPA > 5 U/ml, n (%) 26 (83.9) 16 (84.2) 10 (83.3) 0.95
RF IgA > 20 U/ml, n (%) 9 (29.0) 6 (31.6) 3 (25.0) 0.69
RF IgM > 20 U/ml, (%) 19 (61.3) 11 (57.9) 8 (66.7) 0.63
Anti-MCV > 20 U/ml, (%) 24/28 (85.7) 14 (82.4) 10 (90.9) 0.53
Seronegative patients*, n (%) 2/31 (6.5) 1 (5.3) 1 (8.3) 1.00

* ACPA, IgA and IgM RF, RT, anti-MCV. TNF: tumor necrosis factor; DMARD: disease-modifying antirheumat-
ic drugs; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; DAS: Disease Activity Score; HAQ:
Health Assessment Questionnaire; ACPA: anticitrullinated protein antibodies; MTX: methotrexate; RF: rheuma-
toid factor; MCV: modified citrullinated vimentin. 
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RA and controls. Moreover, the distribution of B cell subsets
was similar between the 2 groups (Table 2).

Anti-TNF-treated and DMARD-treated RA groups had
similar distributions of B cell subsets at baseline, except for
the percentage of CD19+/IgD+CD27+ and CD19+/CD5+
cells, which were higher in anti-TNF-treated compared to
DMARD-treated patients [CD19+/IgD+CD27+ cells: 8.2%
± 5.9% vs 3.7% ± 2.5% (p = 0.02) and CD19+/CD5+ cells:
11.0% ± 6.1% vs 4.2% ± 2.1% (p = 0.03); Appendix 2].

In the patients with RA, the percentages of CD19-posi-
tive cells at baseline were inversely correlated with the per-
centages of post-switched and double-negative memory B
cells (IgD–CD27+: r = –0.48, p = 0.01; IgD–CD27–: r =
–0.42, p = 0.02) and with the percentage of CD19+/ZAP-70+
B cells. Moreover, the percentage of ZAP-70-positive B
cells was directly correlated with the percentage of memory
B cells (eBm5+Bm5; Figure 1A, 1B).

Considering the inflammatory milieu, plasma levels of
IL-6 at baseline were inversely correlated with the percent-
age of CD19-positive cells (r = –0.42, p = 0.03) and direct-
ly correlated with CD19+/ZAP-70+ cells (Figure 1C). In
contrast, plasma BAFF levels at baseline were inversely cor-
related with memory Bm5 cells (r = –0.38, p = 0.05) and
with plasmablasts (r = –0.41, p = 0.03).
Baseline B cell subset distributions and EULAR response to
BCDT. At 6-month followup, 10 patients with RA (33.3%)
achieved a good EULAR response, and 10 (33.3%)
achieved a moderate EULAR response. Nine (36.0%) of the

25 patients had a good EULAR response after completing
the 12-month  followup.

No differences were seen in the response rates (moderate
and good EULAR response) between patients with RA pre-
viously treated with anti-TNF plus DMARD (61.9% with
moderate and 28.6% with good EULAR response) and those
treated only with DMARD [70.0% with moderate (p = 1.00)
and 40.0% with good EULAR response (p = 0.69)].

The patients with detectable B cells were 68.0% at
6-month and 64.0% at 12-month followup. Baseline B cell
subset distribution in the patients with RA stratified accord-
ing to either good or moderate EULAR response at the
6-month followup is illustrated in Figure 2 and Appendix 3.

We further observed that the percentage of baseline naive
activated B cells (Bm2) was higher in patients with RA who
were responders to BCDT at the 6-month followup com-
pared to the nonresponders (p = 0.03); this was confirmed
by a higher value of Bm2+Bm2’/eBm5+Bm5 ratio (p =
0.01). In particular, the patients with RA with good EULAR
response were characterized by a similar percentage of base-
line Bm2 cells compared to moderate responders (46.5% ±
14.2% in good vs 40.6% ± 20.7% in moderate responders; 
p = 0.36), but a higher percentage compared to nonrespon-
ders (25.7% ± 12.7%; p = 0.01 vs good responders).
Moreover, the Bm2+Bm2’/eBm5+Bm5 ratio was higher in
good (2.74 ± 2.36) and moderate (2.94 ± 3.29) EULAR
responders compared to nonresponders (0.70 ± 1.47; p =
0.02 vs good responders and p = 0.03 vs moderate respon-
ders) at the 6-month followup after BCDT. The other B cell
subsets were found to be similar when comparing patients
with different BCDT responses (Figure 2).

At the 6-month followup, the patients with RA who were
good responders were characterized by a lower percentage
of baseline CD19+/ZAP-70+ cells compared to moderate
responders (1.8% ± 1.7% vs 5.6% ± 4.2%, respectively; p =
0.02) and poor responders (5.7% ± 5.6%; p = 0.11; Figure
2H). Considering 5.0% as the cutoff value for CD19+/
ZAP-70+ (mean + 2 SD of control values), RA subjects with
baseline CD19+/ZAP-70+ percentage < 5.0% were likely to
achieve a good EULAR response (44.4%) compared to
patients with baseline CD19+/ZAP-70+ percentage ≥ 5.0%
(9.1%; p = 0.05).

The patients with RA who had good EULAR response to
the BCDT at the 6-month followup did not differ from
healthy controls for baseline distribution of B cell subsets.
Poor responders, however, were characterized by a signifi-
cantly lower percentage of Bm2+Bm2’ (33.9% ± 18.2%)
compared to healthy subjects (43.0% ± 12.5%; p = 0.002).

For each of the variables significantly associated with
good EULAR response, cutoff values were evaluated using
the ROC analysis (Appendix 4). The cutoff values were
26.0% for Bm2 and 1.08 for the Bm2+Bm2’/eBm5+Bm5
ratio. Good EULAR response at the 6-month followup was
associated in the univariate analysis to Bm2 > 26.0% (p =

Table 2. B cell subset distribution in patients with RA before the B cell
depletion therapy compared to healthy controls. Values are mean ± SD.

Controls, RA Patients, p
n = 30 n = 31

White blood cells 6047.3 ± 1288.7 7645.5 ± 2801.9 0.04
Lymphocytes, % 33.2 ± 8.1 33.2 ± 13.4 0.74
Lymphocytes/mm3 1932.9 ± 384.5 2391.8 ± 1059.6 0.14
CD19+ B cells, % 9.6 ± 2.9 7.7 ± 4.6 0.08
CD19+ B cells, n 181.1 ± 71.2 178.7 ± 134.7 0.61
Bm1, % 23.3 ± 10.4 24.9 ± 15.8 0.85
Bm2, % 41.2 ± 11.9 37.2 ± 18.0 0.25
Bm2′, % 1.7 ± 1.1 1.5 ± 2.0 0.06
Bm2+Bm2′, % 43.0 ± 12.5 38.8 ± 18.3 0.24
Bm3–4, % 0.7 ± 0.4 0.8 ± 1.2 0.13
eBm5, % 16.0 ± 7.1 15.2 ± 11.0 0.40
Bm5, % 15.1 ± 6.5 17.0 ± 14.7 0.83
eBm5+Bm5, % 31.1 ± 12.1 31.3 ± 18.2 0.64
Ratio Bm2+Bm2/eBm5+Bm5 1.6 ± 0.9 2.1 ± 2.6 0.19
CD19+/IgD+CD27– 60.8 ± 11.8 57.3 ± 17.6 0.40
CD19+/IgD+CD27+ 6.7 ± 3.4 6.7 ± 5.4 0.36
CD19+/IgD–CD27+ 16.3 ± 7.0 12.9 ± 17.4 0.26
CD19+/IgD–CD27– 16.2 ± 9.1 12.4 ± 5.3 0.16
CD19+/CD27+CD38+ 8.0 ± 3.5 7.3 ± 5.5 0.27
CD19+/ZAP-70+ 2.2 ± 1.4 4.4 ± 4.5 0.37
CD19+/CD5+, % 13.8 ± 8.5 9.1 ± 6.1 0.11

RA: rheumatoid arthritis.
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0.03), Bm2+Bm2’/eBm5+Bm5 ratio > 1.08 (p = 0.06), and
CD19+/ZAP-70+ < 5.0% (p = 0.10). 

The best independent predictor of a good EULAR
response 6 months after BCDT was CD19+/ZAP70+ <

5.0% (OR 1.12, 95% CI 1.04–125.0) in the logistic regres-
sion analysis.
B cell subset distribution after the BCDT and clinical
response in patients with RA. B cell subset distributions in

Figure 1. Correlations between baseline B cell subsets and plasma levels of interleukin (IL) 6 before B cell depletion therapy. 

Figure 2. Baseline distribution of B cell subsets in patients with rheumatoid arthritis (RA) according to European League Against Rheumatism (EULAR)
response at the 6-month followup. B cell analysis was by the flow cytometry method. A region was defined around the CD45-positive cells and total B cells
were identified based on expression of the cell-surface marker CD19. B cell subpopulations were classified according to IgD and CD38 expression (Bm1-Bm5
classification) or the IgD and CD27 expression16,25. *p < 0.05: good responders versus nonresponders; **p < 0.05: moderate responders versus nonrespon-
ders; ***p < 0.05: good versus moderate responders.
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patients with RA with detectable CD19+ cells after the 
6- and 12-month followups are shown in Figure 3.

Considering only the patients with detectable B cells, the
percentage of CD19+ cells was lower at the 6-month fol-
lowup (1.5% ± 1.2%) and at the 12-month followup (2.6%
± 1.9%) after the BCDT compared to baseline (7.9% ±
3.8%; p < 0.001 vs the 6-mo and p = 0.002 vs the 12-mo fol-
lowup, respectively). Conversely, a significantly higher per-
centage of Bm2’ at the 6-month followup (24.2% ± 17.7%)
and the 12-month followup (21.7% ± 18.6%) was observed
compared to baseline (1.6% ± 1.7%; p < 0.001 vs T6 and p
= 0.004 vs T12). Moreover, the percentage of the Bm3-4
subset was higher at the 6-month followup compared to
baseline (0.89% ± 1.1% at baseline vs 6.1% ± 11.3% at T6;
p = 0.003). According to this finding, a significantly lower
percentage of memory B cells, both early and late, was
observed after the BCDT compared to baseline values
[eBm5: T0 = 15.6% ± 11.7%, T6 = 9.4% ± 13.5%, T12 =
3.5% ± 1.4% (p = 0.03 T6 vs T0, p = 0.01 T12 vs T0, p =
0.02 T12 vs T6); Bm5: T0 = 13.5% ± 8.4%, T6 = 9.1% ±
7.4%, T12 = 4.0% ± 2.8% (p = 0.04 T12 vs T0, p = 0.03 T12
vs T6)]. Considering only the memory B cell compartment,
we found a lower percentage over time, not only of post-

switched-memory B cells [T0 = 19.0% ± 10.7% and T12 =
5.3% ± 3.0% (p = 0.01)], but also of pre-switched memory B
cells [T0 = 6.4% ± 5.5%, T6 = 2.1% ± 2.2%, T12 = 1.9% ±
2.5% (p = 0.001 T6 vs T0, p = 0.003 T12 vs T0)]. We found
the same results for both CD19+/IgD-CD27– cells [T0 =
12.4% ± 5.0%, T6 = 6.2% ± 5.8%, T12 = 3.9% ± 3.5% (p =
0.003 T6 vs T0, p = 0.01 T12 vs T0, p = 0.05 T6 vs T12)] and
plasmablasts [CD19+/CD27+CD38+: T0 = 6.8% ± 4.8%, T6
= 4.3% ± 3.6%, T12 = 1.8% ± 1.1% (p = 0.01 T12 vs T0, p
= 0.02 T6 vs T12)]. Finally, there was a significant increase
in the percentage of CD19+/ZAP-70-positive B cells over
time after the BCTD (Figure 3 and Appendix 1).

DISCUSSION
Biological agents allow us to target different molecular
pathways involved in inflammation and autoimmunity, but
these drugs are associated with risks and side effects and
their costs are high. Therefore, the choice of which drugs to
use as first-line treatment or as rescue therapy after the fail-
ure of a first biologic would be assisted by biomarkers to
predict the response to therapy and to identify which patient
could be the best for each single approach27,28.

Since the introduction of BCDT, a large body of research

Figure 3. Distribution of B cell subsets according to IgD and CD38 expression (Bm1-Bm5 classification) or IgD and CD27 expression16,25 in patients with
rheumatoid arthritis at baseline and after 6- and 12-month followup since B cell depletion therapy (BCDT). *p < 0.05: T6 versus T0 and T12 versus T0; 
**p < 0.05: T12 versus T6.
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has been carried out to identify mechanisms of depletion
and regeneration of the B cell pool. The reconstitution of the
peripheral blood B cell pool follows a typical pattern char-
acterized by the appearance of immature (antigen-inexperi-
enced) CD38++IgD+ B cells. Therefore, a continuous
increase of naive B cells and later a deep and long-lasting
reduction of memory B cells occur29,30. The 2-phase process
appears to be present in the majority of patients and it is
thought to be fundamental in restoring immune system and
tolerance. While the association between B cell subsets after
BCDT and response to therapy has been widely document-
ed in RA, no clear data are available regarding the predic-
tive value of studying the baseline B cell compartments.
Recently, Sellam, et al showed an association between a low
frequency of un-switched and switched memory B cells and
a better clinical response to a single course of RTX in a large
RA cohort31. Our data partially confirm these results, since
we found that RA patients with a good EULAR response
showed a higher baseline percentage of naive-activated B
cells (Bm2) compared to nonresponders. According to mul-
tivariate analysis, however, in our RA patient cohort, a low
percentage of peripheral blood ZAP-70+ B cells (< 5.0%)
stood out as the only predictive factor for response to the
BCDT at the 6-month followup among all B cell subsets at
baseline. The percentage of peripheral blood ZAP-70+ B
cells was tightly correlated at baseline to the inflammatory
milieu, i.e., plasma IL-6 levels. The data confirmed our pre-
vious findings that ZAP70+ B cells were linked to the
inflammatory and autoimmune phenotype. We showed
CD27+/IgD–/ZAP70+ memory B cells were found to accu-
mulate preferentially in the joints of patients with RA and
were associated with a dynamic maturation of B cells
according to disease activity and duration21,22.

The depletion of memory B cells in peripheral blood and
bone marrow has been demonstrated to precede clinical
response in RA patients treated with RTX30. Moreover, the
reduction of resident CD27+ B cells in bone marrow is a
feature of the longterm effect of RTX and it does not appear
to be able to disrupt the regeneration of autoreactive B cell
clones32,33.

Our results are in agreement with the observations previ-
ously reported, since they confirm how RTX determines a
progressive decrease of memory subsets in the longterm fol-
lowup. We observed, instead, B cells lacking the expression
of CD27 and IgD, i.e., double-negative memory B cells, are
affected by BCDT, showing lower levels after the 6- and
12-month followups starting from baseline treatment. The
CD19+/CD27–IgD– cells were first described in patients
with systemic lupus erythematosus, and were characterized
not only by an activating phenotype, but also by an associa-
tion with a worse clinical outcome and an occurrence of dis-
ease flares33. In our RA cohort, the CD19+/CD27–IgD–
cells were not helpful in distinguishing patients according to
therapy response.

Plasmablasts significantly decreased after the BCDT in
our RA cohort and did not show different baseline levels in
responders compared to nonresponders. In responder
patients, plasmablasts were recently found to be associated
with a better response to RTX12.

To define the features of peripheral blood B cell pool
regeneration after BCDT, we studied intracellular ZAP-70
expression. We found that an increasing proportion of B
cells could be identified as CD19+/ZAP-70+ cells during
repopulation. Recent data demonstrated that B cells carrying
ZAP-70 could express a more activated-aggressive pheno-
type in CLL34,35.

Our study focused on the features of circulating B cells at
baseline and after repopulation. It supplies information
about the presence of CD19+/ZAP-70+ cells in RA. The
presence of the CD19+/ZAP-70+ cell subset has emerged as
a baseline predictor of short-term efficacy of BCDT. In par-
ticular, patients with RA exhibiting a poor response to
BCDT after 6 months showed significantly higher pretreat-
ment percentages of CD19+/ZAP-70+ cells compared to
good responders. It is crucial to identify whether the expres-
sion of ZAP-70 protein is either constitutive or induced and
inducible, and therefore, whether this particular subset of B
cells could represent a possible mechanism of resistance to
BCDT.
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Appendix 1. Dot plots show B cell subsets and ZAP-70 protein expression in peripheral blood from a representative patient with rheumatoid arthritis (RA)
before (T0) and after B cell depletion therapy (T12). A region was defined around the CD45-positive cells (gate A, plot A) and total B cells were identified
based on expression of the cell-surface marker CD19 (gate B, plot B). B cell subsets were classified according to IgD and CD38 expression (Bm1-Bm5 clas-
sification; plot C at baseline and plot D at 12-month followup period) or the IgD and CD27 expression (plot E at baseline and plot F at 12-mo followup
 period)16,25. Dot plots G (baseline) and H (at 12-mo followup period) illustrate ZAP-70 protein expression in B cells from a representative patient with RA.
ZAP-70 was evaluated using T and natural killer cells as internal reference21,26.
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Appendix 3. B cell subset distribution before B cell depletion therapy according to the EULAR response at 6-month followup in RA patients. Values are mean
± SD.

RA Patients RA Patients RA Patients RA Patients pa pb pc pd pe pf

Subset Controls, DAS > 2.4, DAS ≤ 2.4, DAS > 3.7 DAS ≤ 3.7
N = 30 N = 21 N = 10

White blood cells 6047.3 ± 1288.7 7919.5 ± 3181.9 7125.0 ± 1928.2 8291.8 ± 2966.6 7250.5 ± 0.65 0.19 0.04 0.18 0.16 0.18
Lymphocytes, % 33.2 ± 8.1 32.0 ± 11.8 35.5 ± 16.3 32.5 ± 13.3 33.6 ± 13.8 0.68 0.82 0.66 0.98 0.70 0.83
Lymphocytes/mm3 1932.9 ± 384.5 2270.8 ± 742.4 2621.8 ± 1516.8 2500.7 ± 845.8 2325.3 ± 0.65 0.42 0.10 0.53 0.02 0.65
CD19+ B cells, % 9.6 ± 2.9 7.4 ± 4.8 8.5 ± 4.4 6.6 ± 4.9 8.4 ± 4.4 0.52 0.27 0.06 0.39 0.03 0.33
Bm1, % 23.3 ± 10.4 27.1 ± 17.5 20.2 ± 10.6 28.5 ± 18.6 22.9 ± 14.1 0.37 0.43 0.57 0.63 0.49 0.84
Bm2, % 41.2 ± 11.9 32.9 ± 18.3 46.5 ± 14.2 25.7 ± 12.7 43.6 ± 17.5 0.04 0.01 0.04 0.38 0.003 0.70
Bm2′, % 1.7 ± 1.1 1.0 ± 1.2 2.6 ± 2.9 0.9 ± 1.0 1.9 ± 2.3 0.18 0.47 0.01 0.99 0.02 0.31
Bm2+Bm2′, % 43.0 ± 12.5 33.9 ± 18.2 49.0 ± 14.2 26.6 ± 12.5 45.4 ± 17.7 0.02 0.01 0.03 0.27 0.002 0.61
Bm3–4, % 0.7 ± 0.4 0.7 ± 0.9 1.2 ± 1.7 0.4 ± 0.3 1.1 ± 1.5 0.74 0.63 0.12 0.49 0.07 0.40
eBm5, % 16.0 ± 7.1 14.9 ± 11.9 16.0 ± 9.6 17.6 ± 12.3 13.9 ± 10.4 0.55 0.36 0.24 0.94 0.92 0.22
Bm5, % 15.1 ± 6.5 19.5 ± 16.9 11.7 ± 6.2 21.3 ± 11.9 14.6 ± 15.7 0.18 0.03 0.60 0.20 0.08 0.14
eBm5+Bm5, % 31.1 ± 12.1 33.8 ± 20.1 25.9 ± 12.5 37.6 ± 18.5 27.8 ± 17.5 0.31 0.14
Ratio Bm2+Bm2/eBm5+Bm5 1.6 ± 0.9 1.8 ± 2.7 2.7 ± 2.4 0.7 ± 1.5 2.8 ± 2.8 0.13 0.01 0.02 0.32 < 0.001 0.54
CD19+/IgD+CD27– 60.8 ± 11.8 53.5 ± 19.2 64.5 ± 13.1 51.0 ± 17.4 61.3 ± 17.5 0.14 0.51 0.13 0.56 0.49 0.90
CD19+/IgD+CD27+ 6.7 ± 3.4 7.0 ± 6.2 6.2 ± 3.4 7.9 ± 7.1 6.0 ± 4.3 0.75 0.61 0.41 0.54 0.49 0.43
CD19+/IgD–CD27+ 16.3 ± 7.0 23.6 ± 17.0 16.2 ± 8.2 25.7 ± 14.9 18.8 ± 14.9 0.25 0.09 0.16 0.91 0.03 0.90
CD19+/IgD–CD27– 16.2 ± 9.1 12.0 ± 4.6 13.3 ± 6.7 13.3 ± 5.0 11.9 ± 5.5 0.38 0.62 0.10 0.71 0.95 0.14
CD19+/CD27+CD38+ 8.0 ± 3.5 7.3 ± 5.8 7.3 ± 5.2 8.8 ± 6.4 6.5 ± 4.9 0.95 0.34 0.28 0.53 0.08 0.12
CD19+/ZAP-70+ 2.2 ± 1.4 5.6 ± 4.9 1.8 ± 1.7 5.6 ± 5.6 3.7 ± 3.6 0.03 0.47 0.08 0.32 0.31 0.57
CD19+/CD5+, % 13.8 ± 8.5 9.9 ± 6.7 7.3 ± 4.5 8.9 ± 5.7 9.3 ± 6.6 0.66 0.89 0.24 0.11 0.22 0.17

a Good vs poor responders at 6 months of therapy; b moderate vs nonresponders at 6 months of therapy; c poor responders vs healthy controls; d good respon-
ders vs healthy controls; e nonresponders vs healthy controls; f moderate responders vs healthy controls. EULAR: European League Against Rheumatism; RA:
rheumatoid arthritis; DAS: Disease Activity Score.

Appendix 2. B cell subset distribution in RA patients previously treated only with DMARD and anti-TNF before B cell depletion therapy compared to healthy
controls. Values are mean ± SD.

Subset Controls, Anti-TNF-α DMARD Group, pa pb pc

N = 30 Group, N = 21 N = 10

White blood cells 6047.3 ± 1288.7 8147.0 ± 3001.2 6531.1 ± 2015.4 0.01 0.70 0.15
Lymphocytes, % 33.2 ± 8.1 31.3 ± 12.8 37.4 ± 14.4 0.41 0.50 0.23
Lymphocytes/mm3 1932.9 ± 384.5 2397.4 ± 1100.7 2379.4 ± 1025.6 0.18 0.27 0.98
CD19+ B cells, % 9.6 ± 2.9 7.6 ± 4.5 8.0 ± 5.0 0.06 0.35 0.80
CD19+ B cells, n 181.1 ± 71.2 175.6 ± 148.5 184.9 ± 109.9 0.41 0.84 0.67
Bm1, % 23.3 ± 10.4 26.2 ± 16.3 22.0 ± 14.9 0.37 0.30 0.44
Bm2, % 41.2 ± 11.9 38.6 ± 13.8 34.4 ± 25.2 0.38 0.27 0.39
Bm2′, % 1.7 ± 1.1 1.3 ± 1.6 1.9 ± 2.7 0.05 0.34 0.66
Bm2+Bm2′, % 43.0 ± 12.5 39.9 ± 14.5 36.4 ± 25.3 0.33 0.34 0.47
Bm3–4, % 0.7 ± 0.4 0.9 ± 1.4 0.8 ± 0.9 0.04 0.90 0.15
eBm5, % 16.0 ± 7.1 16.8 ± 11.8 11.9 ± 8.9 0.97 0.08 0.37
Bm5, % 15.1 ± 6.5 14.1 ± 8.4 23.1 ± 22.3 0.57 0.64 0.39
eBm5+Bm5, % 31.1 ± 12.1 30.1 ± 13.6 33.7 ± 26.1 0.80 0.55 0.79
Ratio Bm2+Bm2/eBm5+Bm5 1.6 ± 0.9 1.8 ± 2.5 2.6 ± 2.8 0.07 0.88 0.40
CD19+/IgD+CD27– 60.8 ± 11.8 57.4 ± 13.4 56.9 ± 25.2 0.25 1.0 0.65
CD19+/IgD+CD27+ 6.7 ± 3.4 8.2 ± 5.9 3.7 ± 2.5 0.79 0.02 0.02
CD19+/IgD–CD27+ 16.3 ± 7.0 12.1 ± 15.2 14.6 ± 22.1 0.35 0.35 0.83
CD19+/IgD–CD27– 16.2 ± 9.1 12.9 ± 5.5 11.4 ± 5.0 0.23 0.28 0.61
CD19+/CD27+CD38+ 8.0 ± 3.5 7.2 ± 4.9 7.6 ± 6.9 0.46 0.25 0.97
CD19+/ZAP-70+ 2.2 ± 1.4 4.8 ± 4.9 3.8 ± 3.9 0.46 0.44 0.54
CD19+/CD5+, % 13.8 ± 8.5 11.0 ± 6.1 4.2 ± 2.1 0.63 0.003 0.03

TNF: tumor necrosis factor; DMARD: disease-modifying antirheumatic drugs; RA: rheumatoid arthritis. a previous anti-TNF-α RA patients vs controls; b pre-
vious DMARD RA patients vs controls; c previous anti-TNF-α vs previous DMARD RA patients.
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Appendix 4. Receiver-operating curve (ROC) analyses were used to evalu-
ate the cutoff value of biomarkers (Bm2 and ratio of Bm2+Bm2'/eBm5
+Bm5) as predictors of a good EULAR response. Area under the ROC
curve for the Bm2 biomarker was 0.729 ± 0.092 (p = 0.04) and for the
Bm2+Bm2'/eBm5+Bm5 ratio was 0.671 ± 0.102 (p = 0.13).
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