
The optimized anti-CD20 monoclonal antibody 
ublituximab bypasses natural killer phenotypic 
features in Waldenström macroglobulinemia

Waldenström macroglobulinemia (WM) is a rare form of
lymphoma characterized by an infiltration of lymphoplas-
macytic cells in bone marrow and immunoglobulin M
monoclonal gammopathy.1Despite the introduction of sev-
eral therapeutic approaches, WM remains incurable.2
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Table 1. Main characteristics of WM patients.
Patient Sex Age Lymphocytosis % B-cell % B-cell Previous End of
number (year) (109/L) clone  in clone in treatment treatment prior

lymphocytes leukocytes to the study
#1 F 87 3599 40.0 15.0 No
#2 M 66 2960 24.0 13.0 No
#3 M 67 3250 39.0 14.0 No
#4 M 81 2140 10.0 2.5 No
#5 F 69 3115 35.0 10.0 Chlorambucil 15 years
#6 F 55 2808 2.5 0.9 No
#7 F 77 1744 10.0 2.5 No
#8 M 71 Not done 4.0 1.2 No
#9 M 59 1476 28.0 4.5 No
#10 M 65 1807 3.6 1.0 No
#11 M 73 3339 2.8 0.7 No
#12 M 49 1174 2.8 1.0 No
#13 F 62 2088 3.5 0.8 No
#14 F 56 3428 10.0 4.0 Chlorambucil 3 years
#15 M 45 2792 4.5 2.0 No
#16 M 78 3550 63.0 17.0 No
#17 M 61 710 1.8 0.3 No
#18 M 67 2200 0.7 0.3 No
#19 F 49 1940 10.0 4.0 Rituximab 4 years
#20 M 57 1118 12.0 2.0 Chlorambucil 13 months

Fludarabine
#21 F 63 1480 1.0 0.3 No
#22 M 67 1400 26.0 8.0 No
#23 M 65 940 1.2 0.1 No
#24 M 69 2070 4.0 0.5 No
#25 M 35 2027 3.5 1.0 No
#26 F 75 620 0.7 0.3 No
#27 F 74 3550 0 0 Rituximab 3 years
#28 M 79 2130 0 0 Chlorambucil 2 years

Steroids
#29 M 56 1005 0 0
#30 M 63 1114 0 0
#31 M 56 1693 0 0
#32 M 70 4070 0 0 Chlorambucil 7 years

CTX
Fludarabine

#33 M 54 1117 0 0
#34 M 65 Not done 0 0
#35 M 69 1270 0 0
#36 M 83 870 0 0 Fludarabine 14 months

Bortezomib
#37 M 79 2174 0 0
#38 F 49 1591 0 0
#39 M 79 1790 0 0
#40 F 62 3090 0 0
#41 M 79 690 0 0
#42 M 67 1540 0 0
#43 F 65 3964 0 0
#44 M 73 1495 0 0
#45 M 47 1609 0 0
#46 F 73 2243 0 0
#47 F 65 1565 0 0 Chlorambucil 3 years

F: female; M: male; CTX: cyclophosphamide. 



Therefore, a better understanding of the mechanisms
underlying the immune surveillance around this pathology
is still needed to help to develop novel treatment strategies.
Natural killer (NK) cells were initially identified through
their ability to lyse tumor cells. They express an array of
inhibitory, activating, adhesion and cytokine receptors that
enable them to kill targets while sparing normal cells.3 NK
cells also express the low-affinity Fc receptor
(FcγRIIIA/CD16), enabling them to detect antibody-coated
target cells and to exert antibody-dependent cell cytotoxic-
ity (ADCC).3 In this study, we focused our attention on NK
cells relative to the presence of a circulating B-cell clone in
WM patients. 
The 47 WM patients in the study were diagnosed at the

WM French Reference Center Pitié-Salpêtrière Hospital,
Paris, France, according to classical biological criteria.1 This
study was approved by the institutional ethic committee at
the Pitié-Salpêtrière Hospital (CPPIDF6) and all patients
provided informed consent prior to participation. 

Characteristics of the WM patients are summarized in
Table 1. They were untreated or had received no treatment
during the two years prior to the study. Patients were com-
pared to 20 healthy blood donors from the Etablissement
Français du Sang. In 26 of 47 patients, circulating B-cell
clone was detected with a frequency ranging from 0.7% to
63.0% of lymphocytes, corresponding to 0.1% to 17.0% of
leukocytes. NK cells, and B and T lymphocytes from fresh-
ly harvested whole blood samples were analyzed on the
CD45+ lymphocytic gate after staining with an appropriate
antibody cocktail (Online Supplementary Appendix), as previ-
ously described.4,5 At least 100,000 leukocytes were ana-
lyzed on a FACSCanto II (BD Biosciences) to assess the dis-
tribution of NK cells, B and T lymphocytes from WM
patients, relative to the presence of circulating B cells (as
defined in the Online Supplementary Appendix), and com-
pared with healthy controls. A similar absolute number of
whole CD3+ T and CD19+ B cells in healthy controls and
WM samples are observed (Figure 1A). The absolute value
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Figure 1. Distribution of lym-
phocyte subsets and charac-
teristics of natural killer (NK)
cells from Waldenström
macroglobulinemia (WM)
patients with or without circu-
lating B-cell clones. 
(A) Absolute values of CD3+ T
and CD19+ B cells from periph-
eral blood. (B) Linear regres-
sion between absolute value of
CD19+ B cells and the percent-
age of circulating B-cell clones
(WM clone). 
(C) Absolute value and fre-
quency of CD3–CD56+ NK cells
from peripheral blood. 
(D) Expression of CD56bright

gated on CD3–CD56+ NK cells.
(E) Frequency and mean fluo-
rescence intensity (MFI) of
CD16 on CD3–CD56dim NK cells. 
(F) Frequency and absolute
value of CD69 on CD3–CD56dim

NK cells. (G) Frequency and
absolute value of CD57 on
CD3–CD56dim NK cells. 
(H) Frequency of NKp30 on
CD3–CD56dim NK cells. Cells
were collected from healthy
donors (Ctl; circles) and WM
patients without [(clone (-);
squares) or with (clone (+); tri-
angles)] circulating B-cell
clones (WM clone). Horizontal
bars represent median values.
Intergroup comparisons were
assessed with Kruskal Wallis
test and Dunn post test;
*P<0.05, **P<0.001,
***P<0.0001. (I) Linear
regression between CD57 and
NKp30 frequencies on
CD3–CD56dim NK cells in
healthy donors (Ctl, left panel)
and WM patients (right panel). 

A

C

D

E

G

H
I

F

B

B 
CD

19
+ /m

m
3

%
CD

56
br
ig
ht

%
CD

69
+

%
CD

16
+

M
FI
 C
D1

6+

%
CD

57
+

%
NK

p3
0+

%
NK

p3
0+

%
NK

p3
0+

CD
57

+ /m
m

3

CD
69

+ /m
m

3

%
CD

3-
CD

56
+

CD
3-
CD

56
+ /m

m
3

B 
CD

19
+ /m

m
3

T 
CD

3+
/m

m
3

WM

WM % WM cloneWM

WM

Ctl clone (-) clone (+)Ctl clone (-)   clone (+)Ctl clone (-)   clone (+)

Ctl clone (-)   clone (+) Ctl clone (-)   clone (+) Ctl clone (-)   clone (+)

Ctl clone (-)   clone (+)Ctl clone (-)   clone (+)

Ctl clone (-)   clone (+)

Ctl clone (-)   clone (+)

Ctl clone (-)   clone (+) Ctl clone (-)    clone (+)

WM

WM WMWM

WM WM

WMCtl

WM %CD57+
%CD57+

WM



of B cells correlated significantly with the percentage of a
circulating B-cell clone (Figure 1B). There was no difference
in the distribution of CD3–CD56+ NK cells and both
CD56dim and CD56bright subsets between the study groups
(Figure 1C and D), indicating that WM does not disturb this
immune subset, compared with other hematologic dis-
eases.5-8

The phenotypic frequency of the CD3–CD56dim cytotoxic
NK-cell subset was further investigated on a Gallios
(Beckman-Coulter) flow cytometer, while gating out
CD3–CD56bright cell. The frequency of CD56dim NK cells from
WM patients was indistinguishable from those of controls
in terms of the cell-surface expression of NK receptors
(FcγRIIIA/CD16, NKG2A, NKG2D, NKG2C, ILT-2, LAIR1,
DNAM-1, NKp80, and 2B4) (Figure 1E and data not shown).
However, it is important to note that mean of fluorescence
intensity (MFI) values for CD16 are significantly increased
in WM patients, regardless of the presence or not of circu-
lating B-cell clone, as compared to controls (Figures 1E). In
addition, the early activation marker CD69 is increased in

WM both in absolute value and percentage (Figure 1F),
whereas it is decreased in chronic lymphocytic leukemia
(CLL).5 Notably, the expression of each tested receptor
seemed remarkably stable over a 1-year period (Online
Supplementary Appendix). More importantly, CD57, a mark-
er associated with terminal NK differentiation,9 was pro-
foundly increased in the WM patients, both in percentage
and absolute value, and particularly in those with a circu-
lating B-cell clone (Figure 1G). These data are consistent
with those reported by Li et al.10 showing that CD57+ cyto-
toxic T cells are increased in patients with WM. CD57 was
also frequently reported in the association with several can-
cers, and was strongly linked to a less severe disease and a
better outcome, in sharp contrast to what was observed for
CD8+ T cells.11We also observed a weaker expression of the
activating NK receptors NKp30 in WM patients compared
with controls (Figures 1H). In addition, Figure 1H shows an
inverse correlation between CD57 and NKp30 expressions,
which is highly more significant in WM patients (Spearman
test: r=-0.91, P<0.0001), than in healthy controls
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Figure 2. Cytolytic activities of natural
killer (NK) cells from Waldenström
macroglobulinemia (WM) patients with
or without circulating B-cell clones. (A)
Direct lysis of non-activated (left panel)
and IL2-activated (right panel) NK cells
from healthy donors (Ctl; circles; n=6)
and WM patients without [clone (-);
squares; n=4] or with [clone (+); trian-
gles; n=3] circulating B-cell clones.
Cytotoxicity was measured using stan-
dard 51Cr release-assays against K562
target cells at different effector:target
cell (E:T) ratios. Mean percentage val-
ues±s.d. (vertical bars) are shown. (B)
Comparison of NK cell ADCC in the
presence of rituximab (open symbols)
or ublituximab (closed symbols) against
Raji cells at 1 ng/mL of anti-CD20 (left
panel) or against purified peripheral
blood autologous B cells at 100 ng/mL
of anti-CD20 (right panel). Assays were
performed with purified NK cells from
healthy donors (Ctl; circles) and from
WM patients without [clone (-); squares]
or with [clone (+); triangles] circulating
B-cell clones (WM clone) (E:T ratio at
1:10). (C) Degranulation response
determined using CD107a expression
on CD3–CD56+ NK cells in the presence
of 10 ng/mL (left panel) or 1,000
ng/mL (right panel) of rituximab (open
symbols) or ublituximab (closed sym-
bols). Assays were performed on fresh
peripheral blood mononuclear cells
(PBMC) from healthy donors (Ctl; cir-
cles) or WM patients without [clone (-);
squares] or with [clone (+); triangles]
circulating B-cell clones (WM clone). 
P values were calculated with the
Wilcoxon rank sum test and refer to the
comparison between rituximab and
ublituximab; *P<0.05, **P<0.001,
***P<0.0001. (D) Linear regression
between the percentage of CD107a
expression on CD3–CD56+ NK cells and
the percentage of circulating B-cell
clones (WM clone) after treatment with
10 ng/mL (left panel) or 1000 ng/mL
(right panel) of ublituximab. All data rel-
ative to ADCC and CD107a expression
are presented after subtraction of the
values obtained in the absence of any
antibody.
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(Spearman test: r=-0.49, P=0.01), and that had been previ-
ously reported as being related to differentiation of NK
cells. Taken together, these data suggest that CD56dim NK
cells in WM are more differentiated in patients with a cir-
culating B-cell clone. Similar modulations of the NK-cell
repertoire have been described in elderly individuals4 and in
patients with acute leukemia,12 but not with CLL.5

We further assessed the overall cytolytic activity of NK
cells from WM patients. Direct cytotoxicity was performed
against K562 target cells. NK cells were purified from fresh
peripheral blood mononuclear cells (PBMCs) at the Flow
Cytometry Core CyPS (Pitié-Salpêtrière hospital) with a
cell-sorting BD FACSAria II flow cytometer. The purifica-
tion of CD3–CD56+ NK cells was more than 98%. Direct
cytotoxicity was assessed on purified NK cells before or
after IL-2 stimulation (1,000 U/ml, Proleukin, Chiron) for
48 h with a standard51Cr-release assay against the K562 cell
line, at a different effector/target (E:T) cell ratio.5,6 A slight
but non-significant decrease in the cytotoxicity mediated
by non- or IL2-activated NK cells was observed in the
group of WM patients with a circulating B-cell clone com-
pared with two other groups (Figure 2A). Of note,
granzyme-B and perforin were expressed at equivalent lev-
els in all samples (Online Supplementary Appendix).
Antibody-dependent cellular cytotoxicity (ADCC) assays

were performed with purified non-activated NK cells in the
presence of 51Cr-labeled Raji target cells or purified autolo-
gous peripheral blood B cells, at an effector ratio of 1:10 in
the presence of anti-CD20 rituximab (Roche Ltd.) or ubli-
tuximab (LFB Biotech), an optimized anti-CD20 mAb char-
acterized by a low fucose content in its Fc region that
improves FcγRIIIA (CD16) binding and consequently
increases ADCC activity.13ADCC against Raji cells was sig-
nificantly increased in the presence of 1 ng/mL of ublitux-
imab, compared with rituximab, in all groups (Figure 2B,
left panel). However, ADCC against autologous B cells was
significantly increased in WM patients with a circulating B-
cell clone only in the presence of ublituximab, and not of
rituximab (Figure 2B, right panel). The comparison of
ADCC mediated in the presence of Raji cells and autolo-
gous B cells revealed that ADCC efficacy is more depend-
ent on the intrinsic resistance to the tumor target cells than
on the NK functionality. Additional support for the findings
of the ADCC assays was provided from the degranulation
capacities of NK cells, which are highlighted by CD107a
cell-surface expression by flow cytometry in the presence
of these two anti-CD20 mAbs, as described.6 Indeed,
regardless of the concentration, ublituximab triggered bet-
ter effector functions to clear WM cells in patients with a
circulating B-cell clone compared with rituximab (Figure
2C), which is consistent with findings in CLL patients.5,6

Importantly, the percentage of CD107a+ NK cells signifi-
cantly correlated with the frequency of circulating B-cell
clones only in the presence of ublituximab (Figure 2D). 
Taken together, these data show that the efficacy of NK

cells against B-cell clones is greater with ublituximab than
with rituximab, allowing the NK phenotypic features
observed in WM to be bypassed. 
Finally, our findings provide additional insights into the

cellular mechanisms underlying the clinical activity of opti-
mized anti-CD20 mAbs. An ongoing phase I/II study of
ublituximab (NCT01647971) to evaluate monotherapy in
rituximab-relapse and refractory B-cell lymphoid malignan-
cies, including WM, shows promising early results.14

However, it would be important to perform side-by-side
in vivo experiments in human, testing both ublituximab and
rituximab efficacy in WM. In parallel, further combination
of optimized anti-CD20 mAbs with novel chemo-free

drugs that target B-cell receptor signaling such as bruton
tyrosine kinase (BTK) inhibitor (ibrutinib) and phos-
phatidylinositol-3-kinase delta (PI3Kδ) inhibitor (idelalisib)
may achieve complete remission in WM patients.15
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