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ABSTRACT
Anti-CD20 treatment represents a therapeutic benefit for patients with B-cell lymphomas, although more 
efficient therapies are needed for refractory or relapsing patients. Among them, the combination of anti- 
CD20 and IL-2 that induces T cell response has been hampered by the expansion of FoxP3+ Tregs that 
strongly express the high affinity IL-2 receptor (IL-2R αβγ). We explore here the anti-tumor effect of an 
anti-CD20 antibody combined with a mutated IL-2 (no-alpha mutein) which has a disrupted affinity for the 
IL-2R αβγ. We demonstrate that anti-CD20/no-alpha mutein combination significantly augments the 
survival rate of mice challenged with huCD20+ cells as compared to animals treated with anti-CD20 ± 
IL-2. Moreover, the combination with no-alpha mutein but not IL-2 provokes an increase of granzyme 
B and perforin in splenic NK and CD8+ T cells, a reduction of Tregs and an increase in activated 
macrophages. The former combination also induces a T helper profile different from that obtained with 
IL-2, with an earlier polarization to Th1 and no increase in Th17. The therapeutic effect of anti-CD20/no- 
alpha mutein was accompanied by an expansion of peripheral central (TCM) and effector (TEM) memory 
CD8+ T cell compartments. Last, as opposed to IL-2, no-alpha mutein administered at the beginning of 
anti-CD20 treatment did not dampen the long-term protection of surviving mice after tumor rechallenge. 
Thus, this study shows that the combination of anti-tumor antibodies and no-alpha mutein is a promising 
approach to improve the therapeutic effect of these antibodies by potentiating NK/macrophage- 
mediated innate immunity and the adaptive T-cell response.
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Introduction

Rituximab leads the group of anti-CD20 antibodies specific for 
this molecule in the clinics, with remarkable therapeutic effects 
in follicular and aggressive B cell non-Hodgkin lymphoma.1,2 

Although the efficacy of rituximab is well established, approxi-
mately 25–30% of patients do not respond to R-CHOP (ritux-
imab combined with cyclophosphamide, doxorubicin, 
vincristine and prednisone (CHOP) chemotherapy) as first- 
line treatment3 and in some patients, the response to rituxi-
mab-based regimens ends in a primary disease relapse.4 

Regrettably, responses to rituximab are often short-lived and 
complete responses to rituximab monotherapy are rare.5 

Several strategies are currently being investigated to increase 
the effectiveness of rituximab, some of which include combi-
nation treatments.6,7

Interleukin-2 (IL-2) has been considered as a cytokine cen-
tral for protective immunity because of its potent capacity to 
induce the proliferation and the cytotoxic capacity of T cells8 

and to potentiate antibody-dependent cell cytotoxicity 

(ADCC) mediated by natural killer (NK) cells.9,10 These prop-
erties have encouraged its use at high doses in the treatment of 
melanoma and renal cell carcinoma, which has led to clinical 
benefits in a small group of patients but also to a strong toxicity 
due to a vascular leak syndrome (VLS) related to the dosing. 
The limited IL-2 therapy efficacy has been related to an IL-2 
driven expansion of regulatory T cells (Tregs) which, in turn, 
inhibit the antitumor immunity11,12 leading to a poor 
prognosis.13

Several studies have shown that the antitumor effect of anti- 
CD20 therapies is associated to antibody-dependent cell cyto-
toxicity (ADCC) involving NK cells and macrophages5 as well 
as the participation of both CD8+ and CD4+ T cells.14-16 Thus, 
a combination of rituximab and IL-2 has been tested in pre-
clinical and clinical settings.17,18 Although the first trials 
showed that some patients with non-Hodgkin lymphoma 
achieved complete responses,18,19 further trials did not show 
a significant clinical benefit.20,21 This could be due to the fact 
that despite IL-2 stimulates T and NK effector cells, it also 
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increases the number of Tregs with a pro-tumor effect.21 Most 
of the trials have used IL-2 at low doses, which is known to 
induce Tregs expansion.19,20,22 Although, conflicting results 
have been reported regarding the prognostic significance of 
Tregs infiltration in both HL and NHL23,24 other studies have 
shown a direct correlation between Tregs and bad prognosis in 
NHL lymphomas.25,26 In addition, the first preclinical experi-
ences in evaluating the combination of IL-2 and anti-CD20 
therapy were performed in immunodeficient mice and, hence, 
made it impossible to assess the role of T cells in the anti-tumor 
responses observed.17,18 Nonetheless, further experiments have 
explored the impact of IL-2 in anti-tumor response induced by 
anti-CD20 treatment in immunocompetent mice through the 
use of an EL4-huCD20 tumor model.15 This work showed that 
anti-CD20 antibody allows a long-term protection against 
tumor cells by inducing a memory T-cell response, a phenom-
enon termed the “vaccinal” effect of anti-tumor 
antibodies.15,16,27 This long-lasting protection was found to 
be dependent on an interferon γ (IFNγ)/interleukin 12 (IL- 
12) axis and on the presence of CD4+ T cells and NK cells at the 
initiation of anti-CD20 treatment. In these studies, IL-2 
injected at the beginning of the antibody treatment did not 
improve the survival of the animals induced by anti-CD20 
therapy. By contrast, an enhanced survival rate was observed 
when long-term surviving anti-CD20 treated mice were rechal-
lenged with tumor cells followed by the administration of the 
cytokine.15 Strikingly, in this preclinical model, Tregs 
expanded markedly in tumor-bearing mice and their presence 
was directly associated with tumor-induced animal death. The 
expansion of these regulatory cells was reverted after anti- 
CD20 treatment.16 Altogether, these data support the idea 
that any immunotherapeutic approach to improve the effi-
ciency of anti-CD20-based treatment should tackle Tregs pro-
liferation and expansion.

For that purpose, different strategies have been explored to 
improve the IL-2-based therapy, some of which relying on the 
generation of IL-2 variants that do not favor the expansion of 
Tregs.28–30 The rational design of these variants has been 
largely based on changes in the IL-2 binding affinity to the 
different subunits of the high affinity IL-2R αβγ. This trimeric 
receptor is strongly and constitutively expressed on Tregs 
although it is also present on activated effector T cells and on 
a small proportion of NK cells. By contrast, the intermediate 
affinity IL-2Rββγ is expressed on naïve and memory T cells, as 
well as on a large percentage of NK cells.31 Engagement of this 
dimeric receptor by IL-2 also triggers activation and prolifera-
tion signals.32-34

A human IL-2 mutant whose interaction with CD25 (IL- 
2Rα chain) is significantly disrupted,35 that behaves as an IL-2R 
signaling agonist which expands preferentially CD8+ 

T lymphocytes and NK cells over Tregs, has been developed 
at the Center of Molecular Immunology (CIM).28,36 This IL-2 
variant, termed no-alpha mutein, has demonstrated a higher 
anti-metastatic effect than IL-2 in 3LL-D122 and B16 tumor 
models.28 Of note, this mutated IL-2 displays a reduced toxicity 
as compared to its wild-type counterpart.28

In the present study, we demonstrate that the injection of 
no-alpha mutein into naïve mice provokes an increase of 
splenic central memory CD8+ T cells and a significant decrease 

of Tregs cells, as compared with IL-2. We also show that no- 
alpha mutein, unlike wild-type IL-2, improves the survival rate 
of CD20+ tumor-bearing mice achieved by anti-CD20 treat-
ment and differentially reshapes the adaptive T-cell response 
with an earlier polarization to Th1, no increase in Th17, 
a reduction in Tregs, an enhanced cytotoxic potential of NK 
and CD8+ T cells and an increase in activated macrophages. 
These findings make no-alpha mutein a promising candidate 
for combination immunotherapies to improve the therapeutic 
vaccinal effect of anti-tumor antibodies.

Results

Differential immunomodulatory role of no-alpha mutein

Previous experiments have shown that no-alpha mutein 
expands preferentially CD8+ and NK cells over Tregs 
cells28,36 suggesting that it could reinforce the anti-tumor 
response induced by anti-CD20 antibody treatment that 
opposes Tregs expansion.16 First, we studied the differential 
immunomodulatory role of no-alpha mutein as compared 
with its wild-type counterpart at high doses in naïve C57Bl/6 
mice, taking into consideration both cytokines of human 
origin cross-react with mouse IL-2 receptors. We followed 
an infusion scheme previously used to evaluate the effect of 
IL-2 on the antitumor activity of anti-CD20 antibody in an 
EL4-huCD20 tumor model15 where Tregs are recruited.16 

After the intraperitoneal (i.p.) injections of IL-2 or no- 
alpha mutein, mice were sacrificed at day 6 and spleens 
were collected. Body weight and temperature were moni-
tored. They remained equivalent as compared to mice 
receiving PBS and were similar for both groups (data not 
shown). At the doses assayed, IL-2 and no-alpha mutein did 
not appear to be immunogenic in mice (data not shown). 
Spleen T cells and NK cells were then analyzed by flow 
cytometry.

When compared to the control group, the number of total 
CD8+ T cells and more specifically of CD8+ central memory 
T cells (CD44highCD62Lhigh) (TCM), was significantly 
increased by no-alpha mutein unlike the wild-type IL-2 
(Figure 1(a); Supplementary Figure S1A). In contrast, no dif-
ference was seen between the number of CD8+ effector mem-
ory T cells (CD44highCD62 Llow) (TEM) after administration of 
either IL-2 or no-alpha mutein, both treatments expanding this 
cell subset (Figure 1(b)). CD4+ T cells, particularly CD4+ TCM 
were significantly expanded in mice treated with IL-2 and no- 
alpha mutein (Figure 1(c) and Supplemental Figure S1B). 
Similarly, both IL-2 and no-alpha mutein increased the num-
ber of CD4+ TEM (Figure 1(d)).

Regarding the splenic NK cells, IL-2 and no-alpha mutein 
treatments increased markedly the number of the cells 
(Supplementary Figure S1C). Furthermore, both IL-2 cyto-
kines enriched equally the subset of activated NK cells 
(NK1.1+B220+)37 (Supplementary Figure S1D).

We then compared the effect of IL-2 and no-alpha mutein on 
splenic Tregs (FoxP3+CD4+). IL-2 treatment increased signifi-
cantly the percentage of Tregs among CD4+ T cells (Figure 1(e)). 
By contrast, the no-alpha mutein treatment kept this percentage 
to the level of control mice (Figure 1(e)).
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It is noteworthy that a lower ratio of FoxP3+CD4+/CD8+ 

cells was observed in animals receiving no-alpha mutein as 
compared to those injected with IL-2 (Supplementary Figure 
S1E). These results evidence for the first time that no-alpha 
mutein, in this treatment scheme, shifts the balance toward the 
effector cells rather than regulatory T cells, in concordance 
with previous in vitro findings or with another administration 
schedule in vivo.28,36

No-alpha mutein, and not IL-2, improves the antitumor 
effect of anti-CD20 antibody

We then evaluated the effect of a combination of no-alpha 
mutein with the anti-CD20 CAT-13 mAb (a type 1 anti-CD20 
mouse IgG2a) in an immunocompetent mouse model where 
C57Bl/6 mice are intravenously injected with EL4-huCD20 
cells.15,16,27 First, we examined whether IL-2 or no-alpha mutein 
treatment induces per se an anti-tumor effect in C57Bl/6 mice 
injected with EL4-huCD20 tumor cells. Mice received intraper-
itoneally two doses of IL-2 or no-alpha mutein at day −1 and day 
3, with respect to tumor cells inoculation (Figure 2(a)). Neither 
IL-2 or no-alpha mutein monotherapies increased the survival of 
the animals (Figure 2(b)). Based on these results, we then treated 
EL4-huCD20 tumor-bearing mice with the anti-CD20 CAT-13 
mAb.15 In these experiments, immunocompetent C57Bl/6 mice 
were injected intravenously with 2 × 105 EL4-huCD20 cells 
on day 0 followed by CAT-13 (200 μg intraperitoneal injections 
on days 1, 4, 7, 10, and 13) alone or in combination with IL-2 or 
no-alpha mutein as described above (Figure 2(c)). Noteworthy, 

the responses to anti-CD20 therapy achieved about a 60% pro-
tection, in agreement with previous studies. As previously 
reported,15 the survival rate was similar between mice treated 
only with anti-CD20 and those that received antibody therapy 
combined with IL-2 (Figure 2(d)). In contrast, a significant 
increase of the survival rate of mice treated with the no-alpha 
mutein and the anti-CD20 antibody was observed (Figure 2(d)). 
In all experiments, mice that received anti-CD20 + no-alpha 
mutein combined treatment exhibited the highest anti-tumor 
protection. These data show that combining no-alpha mutein 
with antitumor therapies inducing adaptive cellular responses 
treatment could be of clinical therapeutic significance.

Anti-CD20 + no-alpha mutein combined treatment 
modulates the balance between Th1 and Tregs induced by 
the antibody alone

To investigate the underlying immune mechanisms that may be 
related to the increased survival of mice treated with anti-CD20 
and no-alpha mutein, we then studied the evolution of T-cell 
compartment. Of note, the absolute number of splenic CD8+ 

and CD4+ T cells at days 14 and 21 were not significantly 
different between animals receiving the anti-CD20 therapy 
alone, or combined with any of IL-2 molecules (Supplementary 
Figure S2A,B). We previously reported that anti-CD20 therapy 
induces a Th1 response and prevents protumor Tregs expansion 
detectable at day 21 in the same tumor model.16 Here, 
a significantly increased percentage of Th1 cells in mice treated 
with anti-CD20 + no-alpha mutein was observed at day 14 when 

Figure 1. Effects of IL-2 and no-alpha mutein on splenic T cells in naïve C57Bl/6. (a–d), absolute numbers of CD8+ central memory T cells (TCM) (CD8+CD44high CD62L+) 
(a), CD8+ effector memory T cells (TEM) (CD8+CD44highCD62L−) (b), CD4+ TCM cells (CD4+CD44highCD62L+) (c), and CD4+ TEM cells (CD4+CD44highCD62L−). (d) of spleens 
from C57Bl/6 mice, injected with PBS, IL-2 or no-alpha mutein at day 0 and day 4, and analyzed by flow cytometry at day 6. (e), No-alpha mutein kept the percentages of 
FoxP3+CD4+ T cells to the level of control mice. (f), Mice receiving no-alpha mutein showed lower ratio of FoxP3+CD4+ T cells/FoxP3− CD4+ T cells. Data correspond to 
three independent pooled experiments; IL2 (n = 13), no-alpha (n = 13), and PBS (n = 10). (a–f), Each symbol represents an individual mouse. Horizontal bars represent 
the mean ± SEM (*, P <.05; **, P <.01; ***, P <.001; ns, not significant).
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compared to animals receiving anti-CD20 alone or anti-CD20 + 
IL-2 (Figure 3(a)). This increase was also observed at day 21, 
although it was non-significant when compared with animals 
receiving anti-CD20 + IL-2. No difference in the Th2 percen-
tages was seen between the three groups of animals 
(Supplementary Figure S3A). Noteworthy, a rise in the percen-
tages of Th17 cells was observed for IL-2-based treatment, at day 
21 (Figure 3(b)). On the contrary, no change in this cell subset 
resulted upon anti-CD20 therapy alone or combined with no- 
alpha mutein (Figure 3(b)).

Importantly, the evaluation of splenocytes showed that the 
combined therapy with no-alpha mutein induced a significant 
decrease of the percentage of Tregs in comparison with treat-
ment with anti-CD20 alone or in combination with IL-2, both at 
days 14 and 21 (Figure 3(c)). Furthermore, the highest %Th1/% 
Tregs ratio in mice receiving no-alpha mutein points out 
a preferential expansion of effector CD4+ T cells over regulatory 
lymphocytes (Supplementary Fig. S3B). Overall, it should be 
noted that the combination of no-alpha mutein with anti- 
CD20 therapy positively modulates the Th1/Tregs balance 
induced by the antibody while the combination with IL-2 
increases the percentage of Th17 cells.

The beneficial effects of IL-2 based treatments have been 
linked to the enhancement of CD8+ T cell function. Thus, we 
examined the impact of the combination treatments on these 
cells (Figure 4). Similar increases in the percentages of splenic 
IFNγ+ CD8+ cells were found in the combination groups with 
IL-2 or no-alpha mutein treatments at day 14 (Figure 4(a)). 
Nonetheless, a noticeable higher proportion of this cell subset 
was observed a week later in mice receiving anti-CD20 + no- 
alpha mutein (Supplementary Figure S4A). Additionally, taken 
into consideration the Th1 biased response as early as day 14, the 

production of perforin and granzyme B by CD8+ T cells was 
examined at that moment. Both the percentage (Figure 4(b,c)) 
and the absolute number (Supplementary Figure S4B,C) were 
significantly higher in the anti-CD20 + no-alpha mutein combi-
nation, indicating a potentiation of the killing capacity of these 
cells. This increase in the killing potential of T cells is likely 
associated with the polarization of Th1 induced by the combina-
tion of the anti-CD20 treatment with no-alpha mutein.

Anti-CD20 + no-alpha mutein combined treatment 
increases the number of activated NK cells

An increase in the percentage of splenic NK1.1+CD3− cells was 
observed in mice treated with anti-CD20 alone or in combination 
with IL-2 or no-alpha mutein at days 14 and 21 (data no shown). 
In addition, both IL-2-based therapies incremented the number of 
splenic NK1.1+B220+ cells, that are considered as activated NK 
cells in mouse,37 at the same time point (Supplementary Figure 
S5). Of note, only the co-administration of no-alpha mutein 
enhanced significantly the production of granzyme B by these 
cells (Figure 5(a)). Also, an increase in the number of NK1.1+ 

cells producing perforin was observed in the mice that received 
anti-CD20 + no-alpha mutein therapy as compared with those 
receiving anti-CD20 + IL-2 (Figure 5(b)). A higher number of 
IFNγ+NK1.1+ producing cells as compared with the antibody 
monotherapy was also triggered by the no-alpha mutein combina-
tion treatment (Figure 5(c)). We previously reported that the 
induction of anti-tumor response by anti-CD20 treatment 
requires NK cells.15 Thus, the increase in the number of activated 
NK cells observed here could be involved in the improvement of 
the survival rate by the combination of anti-CD20 with no-alpha 
mutein.

Figure 2. Potentiation of the anti-tumor effect of anti-CD20 antibody upon combination with no-alpha mutein. (a), Schematic representation of cytokines monotherapy 
treatment schedule. (b), IL-2 and no-alpha mutein have no antitumor effect in C57Bl/6 mice injected with EL4-huCD20 cells; IL-2 (n = 17), no-alpha (n = 17), and PBS 
(n = 12). (c), Schema of combined treatment schedule. (d), Survival curves of mice with the different treatments as indicated; CD20 + IL-2 (n = 45), CD20 + no alpha 
(n = 45), CD20 (n = 21) and IgG2a (n = 21). Data correspond to two (b) and three (d) independent pooled experiments (log-rank test; *, P < .05; **, P < .01; ***, P < .001; 
ns: not significant).
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Anti-CD20 + no-alpha mutein combined treatment 
increases the number of activated macrophages

We next explored the effect of combination treatment with 
anti-CD20 antibody and IL-2 or no-alpha mutein on macro-
phages (MΦ, defined as CD11b+CD11c−Gr1lowF4/80+), at day 
14. These cells have been shown to be important effectors 
following anti-CD20 therapy38 and are also involved in the 
generation of anti-tumor T-cell memory response.27 A 

significant increase in the number of MΦ was observed in the 
group treated with anti-CD20 and no-alpha mutein, but not 
with the IL-2 treatment (Figure 6(a)). Furthermore, in these 
animals, an increased expression of the major histocompatibil-
ity complex class II (MHCII) molecules and of CD16/CD32 
(mouse FcγRII, FcγRIII) and FcγRIV on MΦ (Figure 6(b,c)) 
was detected. The rise in the expression of these molecules are 
a hallmark of macrophage activation.

Figure 3. Effect of anti-CD20 + no-alpha mutein combination therapy on CD4+ T cell subsets. The anti-CD20 + no-alpha mutein combination therapy increased the 
percentages of Th1/(IFNγ+CD4+CD3+) (a), kept the percentages of Th17/(IL-17A+CD4+CD3+) to the level of anti-CD20 mAb-treated mice (b) and induced a decrease of 
the percentage of Treg/(FoxP3+CD4+CD3+), (c) of stimulated splenocytes from C57Bl/6 mice injected with EL4-huCD20 cells, evaluated by flow cytometry, at days 14 and 
21. Dotted lines represent the mean values obtained with isotype control-treated C57Bl/6 mice for the indicated population. Data correspond to two independent 
pooled experiments; n = 10. Each symbol represents the relative percentage of the indicated cell subset among the total (Treg+Th1+Th2+Th17) CD4+ T-cell 
compartment for one individual mouse. Horizontal bars represent the mean ± SEM (*, P < .05; **, P < .01; ***, P < .001; ns: not significant).
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No-alpha mutein conserves the long-lasting protection 
conferred by anti-CD20 antibody

We previously reported that anti–CD20 therapy provides 
a long-lasting protection against huCD20+ tumor cells, allow-
ing mice to survive to a subsequent tumor challenge.15 Also, 
Th1 polarization and reduction of Treg compartment have 
been shown to be involved in the generation of functional 
CD8+ memory T cells,39 an important end-point to consider 
in adaptive responses induced by antibodies. In addition, we 

have previously shown that the anti-CD20 treatment induces 
CD4+ effector memory T cells in the EL4-huCD20 model.16

Thus, we evaluated the impact of the combined treatments on 
blood memory T cells. The analysis made at day 21 showed no 
significant difference in the percentages of peripheral CD8+ and 
CD4+ T cells (data not shown). However, a marked increase in the 
percentages of blood central memory CD8+ T cells (CD8+ TCM) 
among CD8+ T cells was observed in the animals receiving anti- 
CD20 + no-alpha mutein when compared to the antibody alone 

Figure 4. Anti-CD20 + no-alpha mutein combination therapy activates CD8+ T cell 
subset. Percentage of CD8+ T cells expressing IFNγ+ (a), perforin+ (b), and 
granzyme B+ (c) of spleens from C57Bl/6 mice analyzed by flow cytometry 
14 days after challenge with 2 × 105 EL-4-huCD20 cells and treated with the 
described different treatments. Dotted lines represent the mean values obtained 
with isotype control-treated C57Bl/6 mice for the indicated population. Data 
correspond to two independent experiments (n = 4–7 per group). Horizontal 
bars represent the mean ± SD (Kruskal-Wallis, Dunn’s post hoc test, *, P < .05; **, 
P < .01; ***, P < .001; ns, not significant).

Figure 5. Increase of activated NK cells by anti-CD20 + no-alpha mutein combina-
tion therapy. Absolute number of granzyme B+ NK1.1+ (a), perforin+NK1.1+ (b), 
and IFNγ+NK1.1+ (c) of splenocytes from C57Bl/6 mice analyzed by flow cytometry 
14 days after challenge with 2 × 105 EL-4-huCD20 cells and treated with different 
therapies. Dotted lines represent the mean values obtained with isotype control- 
treated C57Bl/6 mice for the indicated population. Data correspond to two 
independent experiments (n = 5–7 per group). Horizontal bars represent the 
mean ± SD (Kruskal-Wallis, Dunn’s post hoc test, *, P < .05; **, P < .01; ns, not 
significant).
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(Figure 7(a)). Anti-CD20 in combination with IL-2 induced 
a weaker increase of these cells as compared to no-alpha mutein 
(Figure 7(a)). Also, the proportion of effector memory CD8+ 

T cells (CD8+ TEM) increased upon co-administration with no 
alpha mutein as compared to the IL-2 combination therapy 
(Figure 7(b)). On the contrary, there was no change at day 21 in 
the peripheral CD4+ TCM and TEM cells compartment after the 
different therapies (Supplementary Figure S6A,B).

Finally, we evaluated the long-term effect on mouse survival 
induced by the use of IL-2 or no-alpha mutein in combination 
with anti-CD20 therapy in the early phase of the experiment. The 
surviving animals were rechallenged at day 65 with a higher 
number of EL4-huCD20 tumor cells (4 x 105/mouse) than at the 
time of treatment initiation, with no further antibody treatment 
(Figure 7(c)). Interestingly, while the no-alpha mutein did not 
impact the ability of mice to resist tumor rechallenge, the admin-
istration of IL-2 with anti-CD20 impaired the protection con-
ferred by the anti-CD20 therapy (Figure 7(d)). Thus, the 
remodeling in the subsets of adaptive and innate cells induced 
by IL-2 during the induction phase of the treatment negatively 
impact the long-lasting effect of the anti-CD20 antibody upon 
tumor rechallenge as opposed to the no-alpha mutein.

Discussion

Although efficacy and success of rituximab are undeniable, 
a substantial number of NHL patients fail to respond and show 
signs of resistance to the therapy. The probability of responding to 
the first treatment with rituximab is about 65–70%.3 Strategies to 
improve the clinical effectiveness of rituximab are therefore being 
explored, including combination with cytokines to increase the 
capacity of the antibody to exert one of its key effector functions, 
ADCC,40 as well as the induction of adaptive immunity.15,41,42

Addition of IL-2 to rituximab therapy led to NK cell expansion 
that correlated with a better clinical outcome.17 However, no 
clinical study has shown a clear signal of greater efficacy of 
combination than mAb monotherapy.19 Most of clinical trials 
have combined the rituximab with low IL-2 dose regimens, 
which have been described to favor the expansion of Tregs.43 

The manipulation of these suppressor cells has become the focus 
of attention as Tregs are significantly increased in peripheral 
blood of NHL patients receiving or not chemotherapy44 and 
have been associated with a poor prognosis.26

Different strategies have been developed to reduce the toxic 
side effects of IL-2 and its capacity to activate negative immune 

Figure 6. Increase in the macrophages number in animals receiving the anti-CD20 + no-alpha mutein combination therapy. (a), Mice treated with anti-CD20 + no-alpha 
mutein increased the absolute number of MΦ (CD11b+CD11c−Gr1lo F4/80+) cells. Absolute numbers of spleen MΦ expressing IA/IE class II molecules (b), and FcγRII, 
FcγRIII (CD16/32) and FcγRIV (c) from C57Bl/6 mice analyzed by flow cytometry 14 days after challenge with 2 × 105 EL-4-huCD20 cells and receiving different 
treatments. Dotted lines represent the mean values obtained with isotype control-treated C57Bl/6 mice for the indicated population. Data correspond to two 
independent experiments (n = 5–7 per group). Horizontal bars represent the mean ± SD (Kruskal-Wallis, Dunn’s post hoc test, *, P < .05; ***, P < .001; ns: not significant).
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regulators. The generation of IL-2 variants able to expand 
preferentially immune effector cells has been explored.29,30,45 

In particular, the no-alpha mutein, a rationally engineered IL-2 
that can activate NK and memory CD44+CD8+ T cells, mini-
mizes the Tregs expansion.28 Here, we demonstrate that the 
administration of this mutant protein in naïve mice expands 
the central memory CD8+ T-cell compartment, whose rele-
vance in antitumor immunity has been pinpointed.46 In addi-
tion, we show that the no-alpha mutein controls Tregs 
proliferation, which in turn favors the immune effector players. 
In agreement with previous results,36 our work confirms the 
differential immunoregulatory role of the no-alpha mutein as 
compared to IL-2, which makes it an attractive candidate to be 
combined with other immunotherapies, including those based 
on anti-CD20 antibodies.

In the present study, we also show that an induction regi-
men with anti-huCD20 mAb combined with no-alpha mutein, 
and not IL-2, increases the overall survival obtained with the 
antibody monotherapy in mice injected with EL4-huCD20 
tumor cells (Figure 2(d)). This is the first demonstration that 
the combined use of an anti-CD20 mAb with an optimized 
variant IL-2, administered both at the beginning of treatment, 
makes it possible to potentiate the in vivo antitumor activity of 
the antibody. This is an important result as, in a similar setting, 
Abes et al.15 evidenced no effect of IL-2 on mice protection. It 
suggests therefore that the combination of an anti-CD20 mAb 
with an optimized variant IL-2 could be used in the clinic to 
increase the number of patients that respond to R-CHOP 

treatment in the first line. The absence of any antitumor effect 
when the no-alpha mutein was infused alone, at the doses 
assayed, indicates an increased anti-tumor potency of the 
combination. It may be due to the no-alpha mutein-driven 
reinforcement of the immune effectors mobilized by the anti- 
CD20 antibody and to additional mechanisms directly induced 
by the cytokine.

In an experimental scenario similar to the one used here, it 
has been demonstrated that anti-CD20 treatment leads to Th1 
polarization that largely overcome the potent protumor effect 
of Tregs.16 The present study shows that the combination of 
anti-CD20 + no-alpha mutein accelerates the induction of Th1 
response and modulates the Th1/Tregs balance induced by the 
antibody in favor of the Th1 cell subset, whereas the combina-
tion with IL-2 also increases the percentage of Th17 cells 
(Figure 3(c)). The combination with no alpha mutein prevents 
the Tregs expansion earlier than the anti-CD20 monotherapy 
or than the anti-CD20 + IL-2 combined treatment. The impor-
tance of the Th1 cell subset in orchestrating the activity of 
multiple cell types to eradicate tumor cells through the secre-
tion of various cytokines, including IFNγ, is well 
documented.47 Moreover, in patients and in preclinical murine 
models, the frequency of tumor-associated CD4+ Th1 cells 
correlates with therapy success and tumor rejection.48,49 It 
has been previously evidenced that a Th17 phenotype is asso-
ciated with a poor survival.16 Contradictory results in the 
clinics have correlated the increase of Th17 with either a good50 

or a bad prognosis.51 Interestingly, in B-NHL, we found that 

Figure 7. No-alpha mutein maintains the long-lasting protection conferred by the anti-CD20 mAb. Induction of CD8+ TCM cells (a) and CD8+ TEM cells (b) in the 
peripheral blood of mice injected with 2 × 105 EL4-huCD20 tumor cells and treated with anti-CD20 + no-alpha mutein measured by flow cytometry, at day 21 after 
tumor injection. Horizontal bars represent the mean ± SD of percentages and the dotted lines represent the mean value obtained with isotype control-treated C57Bl/6 
mice for the indicated population. Data correspond to two independent experiments (n = 5–10 per group) (Kruskal-Wallis, Dunn’s post hoc test, *, P < .05; **, P < .01; 
***, P < .001; ns: not significant). (c), Schematic representation of treatment schedule. (d), No-alpha mutein maintained the long-term protection conferred by anti-CD20 
therapy when surviving animals were rechallenged with tumor cells. Age-matched naïve mice were injected with equal number of cells and used as controls (n = 5 per 
control group). Data correspond to two independent experiments (log-rank test; *, P < .05; ***, P < .001; ns: not significant).
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circulating Th17 frequencies in relapsed patients are signifi-
cantly higher than those in untreated patients or normal 
individuals.52

Our results also show that the use of no-alpha mutein in the 
combined treatment stimulates CD8+ T-cell activation as indi-
cated by their enhanced lytic ability, represented by the exa-
cerbated production of perforin and granzyme B (Figure 4).

NK cells and macrophages can also be targeted by Th1 
cytokines.53 Our data evidence that no-alpha mutein adminis-
tered at the beginning of anti-CD20 treatment is able to success-
fully expand NK cells and to activate their lytic power. The 
potentiation of the NK cytotoxic machinery and IFNγ secretion 
two weeks after starting the antibody therapy is a distinctive 
feature of the no-alpha mutein and an obvious advantage for 
the commitment of these cells, whose participation in the anti-
tumor activity of anti-CD20 antibodies has been documented.15 

Taking into consideration the administration schedule of both 
cytokine and antibody (Figure 7(c)), we could presume that 
different mechanisms could operate and evolve all along and 
after the treatment. A first wave of direct activation of NK cells 
by the no-alpha mutein in absence of antibody could be the 
initial source of IFNγ, that represents a potent inducer of DC 
maturation and antigen presentation for CD4+ T cell 
priming.16,53 This early stage could be followed by a second 
one in which coexist both the anti-CD20 antibody and the IL-2 
variant. At this stage, the no-alpha mutein still maintains the 
proliferation and activation of NK cells,28 while the antibody- 
mediated engagement of FcγR+ NK cells sustains the IFNγ 
secretion and killing activity. It leads to the formation of tumor 
antigen-containing immune complexes that triggers the matura-
tion of DC and the IL-12/IFNγ mediated NK-DC crosstalk.16 

Moreover, it has been described that IL-12 and IFNγ favor 
polarization to Th1 cells, which become the major IFNγ produ-
cers and stimulators of T cell cytotoxic responses.16 This might 
in turn reinforce NK cell activation along the treatment and their 
contribution to the elimination of tumor cells.

We also demonstrate here that macrophages are stimulated 
in the combined therapy with no-alpha mutein, as shown by 
their high expression of MHCII molecules and of FcγRII/III 
(CD16/32) and FcγRIV, indicative of a possible polarization to 
an antitumor M1 phenotype (Figure 6). It could lead to 
increased antigen presentation and antibody-dependent cellular 
phagocytosis capabilities. Also, M1-type macrophages activate 
Th1 responses that can further amplify M1/killer-type activity 
through the production of IFNγ.14 In addition, macrophages are 
important sources of type I IFNs that favor T cell cross-priming 
as previously demonstrated during anti-CD20 therapies.14

The relevance of memory T cells in the control of tumor 
progression has been demonstrated by studies illustrating that 
their presence within tumors is related to a good prognosis in 
cancer patients.54 We and others have previously shown that 
the anti-CD20 treatment triggers an adaptive memory-based 
anti-tumor immunity,16,27 responsible for the long-term pro-
tection in a mouse tumor model.15 Furthermore, CD4+ TEM 
cells were detected in the spleen two months after antibody 
treatment and the adoptive transfer of CD4+ T cells from anti- 
CD20 treated surviving mice to naïve animals enabled resis-
tance to tumor challenge.16 We did not find any impact of the 
combination with no-alpha mutein or the wild type IL-2 on the 

CD4+ memory compartment, at least 21 days after initiating 
the treatment. Nonetheless, the mutated cytokine in the com-
bined treatment did increase CD8+ TCM and TEM cells in the 
peripheral blood at the same time point (Figure 7). These latter 
cells are critical mediators of therapeutic antitumor immunity 
in an administered cancer vaccine.39 Intriguingly, the injection 
of the no-alpha mutein at the beginning of the treatment 
maintained, but did not improve, the long-term protection 
conferred by anti-CD20 therapy when surviving animals were 
rechallenged with tumor cells while the IL-2-based combined 
treatment resulted in a reduced survival of mice as compared to 
animals receiving exclusively the antibody. Thus, although no 
change in the Tregs number was detected 10 days after the last 
IL-2 injection, it is tempting to postulate that this cytokine, 
when not mutated to lower its binding to the high affinity IL- 
2Rαβγ, triggers a pro-tumor cell network upon tumor cell 
rechallenge. Future studies should evaluate the memory T cell 
compartment at the time of the re-challenge, to verify if an 
exhaustion of the previously expanded memory CD8+ T-cell 
subset by the no-alpha mutein explains the absence of 
increased overall survival after a second infusion of tumor cells.

All these results argue strongly in favor of the use of no- 
alpha mutein rather than IL-2 in combination therapy with 
rituximab and anti-tumor antibodies.

Materials and methods

Antibodies and cytokines

The mouse CAT-13.6E12 hybridoma was obtained from the 
Deutsche Sammlung von Mikroorganismen und Zellkulturen 
(DSMZ, Germany). It produces a type I mouse anti-human 
CD20 monoclonal antibody (mAb), CAT-13 (IgG2a, κ). CAT- 
13 was produced and purified as previously described.15 The 
no-alpha mutein was produced and purified at CIM as pre-
viously described.28

Cells

The mouse thymoma EL4 cells expressing human CD20 (EL4- 
huCD20) were kindly provided by J. Golay (Ospedali Riunti di 
Bergamo, Bergamo, Italy). These cells are CD25− CD4− CD3+.

Mice

Seven-week-old female C57Bl/6 mice were purchased from 
Charles River Laboratories France (Saint Germain Nuelles, 
France). All animal studies were performed in compliance 
with guidelines from the European Union (EU guideline on 
animal experiments, European Directive #2010/63/EU) and the 
French national charter on ethics in animal experiments with 
the approval of the Charles Darwin Ethics Committee for 
animal experimentation (Paris, France) (under the reference 
number 01530.02). In some experiments, body weight and 
temperature were monitored. The C57Bl/6-EL4-huCD20 
tumor model has been previously described.15 C57Bl/6 mice 
were inoculated intravenously (i.v.) in the tail vein with 2 × 105 

EL4-huCD20 cells per mouse in 200 µL PBS (phosphate- 
buffered saline) on day 0. Human IL-2 (Peprotech, Cat# 200- 
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02) and no-alpha mutein (CIM, Havana) were injected intra-
peritoneally (i.p.) on days −1 and 3 after tumor inoculation 
(100,000 IU or 1,000 IU, respectively). The doses were set to 
maintain a relation of 102 between wild type and no-alpha 
mutein IU, that has been demonstrated to expand the same 
number of CD44+ memory T cells (βγ IL2-R expressing 
cells).28 In other experiments, IL-2 or no-alpha mutein were 
also injected into naïve animals at day 0 and day 4 to evaluate 
their impact on spleen cells at day 6. Blood samples were 
collected at the indicated times for evaluating T-cell subsets 
by immunofluorescence staining.

Also, surviving treated mice were i.v. challenged in the tail vein 
with 4 × 105 tumor cells at day 65. Age-matched naïve mice were 
injected with the same number of cells and used as controls. CAT- 
13 was administered by i.p. injections (200 µg/injection/mouse) at 
days 1, 4, 7, 10 and 13. Mice were sacrificed when signs of disease 
appeared (eg. prostration, paralysis, body weight drop).

Flow cytometry

Surface and intracellular staining was performed according to 
standard protocols and analyzed with LSRFortessa (BD 
Biosciences). Surface antibodies were anti-CD3ε-APCeF780 (allo-
phycocyanin-eFluor 780, eBioscience, Cat#47-003282), anti-CD8α 
-eF660 (eFluor 660, eBioscience, Cat#50-0081-82), anti-CD8α- 
eF450 (eFluor450, eBioscience, Cat# 480081-82), anti-CD62 
L-PECy5.5 (phycoerythrin cyanine-5.5, eBioscience, Cat#35- 
0621-81), anti-CD11b-eF450 (eFluor450, eBioscience, Cat#48- 
0112-82), anti-CD44-APC-Alexa750 (allophycocyanin-Alexa 
Fluor®750, eBioscience, Cat#27-0441-81), anti-CD45-PE-Cy7 
(phycoerythrin cyanine-7, BD Biosciences, Cat#552848), anti- 
CD45 R (B220)-PerCP-Cy5.5 (peridinine-chlorophyll-protein 
complex cyanine-5.5, BD Biosciences, Cat#552771), anti-CD11 
c-BV785 (Brilliant Violet™785, BioLegend, Cat#117335), anti-F4 
/80-AlexaFluor700 (AlexaFluor®700, BioLegend, Cat#123129), 
anti-Gr1-PeCy5 (phycoerythrin cyanine™-5, BD Pharmingen, 
Cat#552093), anti-IA/IE-BV650 (Brilliant Violet™650, BD 
Pharmingen, Cat# 563415), anti-CD16/CD32-APC (allophyco-
cyanin, BD Pharmingen, Cat#553141), anti-NK1.1-APC (allophy-
cocyanin, BD Pharmingen, Cat#550627), anti-CD3-AF700 (BD 
Pharmingen, Cat#557984), anti-CD3-PE (phycoerythrin, BD 
Pharmingen, Cat#553064) and anti-CD4-PE-Texas Red (phycoer-
ythrin -Texas Red, Caltag Medsystems, Cat#MCD0417). 
Intracellular antibodies were anti-IL-4-PE-Cy7 (phycoerythrin 
cyanine-7, e-Biosciences, Cat#25-7042-82), anti-Perforin-PE 
(phycoerythrin, e-Biosciences, Cat#12-93-92), anti-Granzyme 
B-FITC (fluorescein isothiocyanate, e-Biosciences Cat#11-88-98), 
anti-IFNγ-Alexa Fluor 647 (Alexa Fluor®647, BD Biosciences, 
Cat#557735), anti-FoxP3-PE (phycoerythrin, BioLegend, 
Cat#320007) and anti-IL-17A-Alexa Fluor 700 (Alexa Fluor®700, 
BioLegend, Cat#506914). Relevant isotype controls were pur-
chased from BioLegend, BD Pharmingen and e-Biosciences. 
Diva (BD Biosciences) and Kaluza 1.5 (Beckman Coulter) software 
was used for data analysis.

Intracellular staining

Spleens from anti-CD20, anti CD20 + IL-2, anti-CD20 + no- 
alpha mutein and isotype control mAb treated mice were 

collected at days 14 and 21 after tumor injection. CD4+ T-cell 
subsets were evaluated by flow cytometry after stimulation. 
Spleen cells (2 x 106) were stimulated for 4 h at 37°C under 5% 
CO2 in the presence of phorbol 12-myristate 13-acetate (PMA) 
(25 ng/ml) (Sigma-Aldrich; catalog number P 8139) and iono-
mycin (5 μg/ml) (Sigma-Aldrich; catalog number I3909) before 
immunofluorescence analysis. For intracellular staining, cells 
were incubated with monensin (6.7 μg/ml) (Sigma-Aldrich; 
Cat#22373-78-0) for the last 2 h of culture.

Statistical analysis

Statistical significance (P values <.05) was determined by one- 
way ANOVA or non-parametric Kruskal-Wallis tests with the 
Bonferroni or Dunn’s posttest, respectively, for multiple com-
parisons. To assess survival differences, Kaplan–Meier curves 
were produced and analyzed by log-rank tests. Statistical ana-
lyses were performed with the Prism software (version 4.0, 
GraphPad Software Inc.). Data correspond to at least two 
independent experiments, expressed as mean ± standard 
error of the mean (SEM).
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