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Abstract Chronic lymphocytic leukemia (CLL) with
deletions of the p53 locus on chromosome 17 and/or refrac-
tory to fludarabine chemoimmunotherapy remains a major
clinical problem with few therapeutic options. Currently,
these types of CLL are treated with approaches that do
not target the p53 pathway, such as small molecules and
monoclonal antibodies (mAb). We have previously postu-
lated anti-CCR7 mAb therapy as a novel CLL treatment.
In the present study, we evaluated the in vitro efficacy of
anti-CCR7 mAb as a single agent in CLL patients with
high-risk cytogenetics and/or refractory to fludarabine,
by measuring CCR7 surface expression and complement-
dependent cytotoxicity. Our results demonstrate that CCR7
is highly expressed in challenging and heavily treated CLL
patients. In addition, the complement-mediated mecha-
nism of action of this mAb effectively eradicates CLL cells
while sparing subsets of T cells in these patients. Moreover,
this mAb outperformed the activity of alemtuzumab, the
mAb with the highest efficacy in these groups. Finally, in
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vitro activity was also demonstrated in patients with a dis-
ease refractory to both fludarabine and alemtuzumab, and
patients harboring 11q22 deletion. Our results propose that
anti-CCR7 mAbD is an effective and promising future treat-
ment in high-risk CLL.

Keywords CCR7 - mAb - p53 - Fludarabine - CLL

Abbreviations

ADCC Antibody-dependent cellular cytotoxicity
APC Allophycocyanin

APC-H7 Allophycocyanin-H7

ATM Ataxia telangiectasia mutated protein

BCR B cell receptor

CCR7 Chemokine (C-C motif) receptor 7

CDh Cluster of differentiation

CDC Complement-dependent cytotoxicity

CIT Chemoimmunotherapy

CLL Chronic lymphocytic leukemia

CXCR4 Chemokine (C-X-C motif) receptor 4

ERK Extracellular-regulated kinase

FAR Fludarabine and alemtuzumab refractory CLL
FCM Flow cytometry

FCR Fludarabine, cyclophosphamide and rituximab
FISH Fluorescence in situ hybridization

FITC Fluorescein isothiocyanate

FR-CLL Fludarabine-refractory CLL

IC Isotype control

JINK c-Jun N-terminal kinase

mAb Monoclonal antibody

MCL Mantle cell lymphoma

oS Overall survival

PBMC Peripheral blood mononuclear cells
PE Phycoerythrin

PFS Progression-free survival
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PI3K38 Phosphatidylinositol-3-OH-kinase delta
RMFI Relative median fluorescence intensity
SLOs Secondary lymphoid organs

17p- 17p13 deletion

11g- 11g22 deletion

7-AAD  7-Aminoactinomycin-D

Introduction

Chronic lymphocytic leukemia (CLL) is a clinically het-
erogeneous disease with a highly variable clinical course;
some patients survive for decades, whereas others develop
aggressive disease. In the last years, chemoimmunotherapy
(CIT), the combination of monoclonal antibodies (mAb)
with chemotherapy, has arisen as a more effective therapeu-
tical approach in CLL. In particular, the standard therapy
with the combination of FCR (fludarabine, cyclophospha-
mide, rituximab) has been shown to prolong both progres-
sion-free survival (PFS) and overall survival (OS) in CLL
[1] and to decrease the likelihood of refractory disease [2].

However, there is an increasing number of patients
for whom FCR or conventional CIT may not be the most
appropriate therapy, including patients with 17p13 deletion
(17p-), p53 mutation and/or fludarabine-refractory CLL
(FR-CLL) [3-5]. Patients belonging to these subgroups
show poor response to FCR, have short PFS and OS, and
a few treatment options [1, 6, 7]. 17p-, which is found in
34-50 % of FR-CLL patients [2, 8, 9], renders patients
resistant to chemotherapy with fludarabine or alkylating
agent-based regimens, possibly because both agents require
pS3-dependent pathways to induce cell death [10]. For this
reason, therapies not targeting the p53 pathway, such as
mAb, have emerged as an effective and novel venue that
shows better responses in patients with therapy-refractory
disease or with the 17p- [11]. Few years ago, we proposed
the CC chemokine receptor 7 (CCR7) as an interesting
therapeutic target in CLL [12, 13]. We described the two
major mechanisms of action of a murine antihuman CCR7
mAb: neutralization of CCR7-mediated in vitro migration
of CLL cells and a potent complement-dependent cyto-
toxicity (CDC) against CLL cells [14]. Recently, we have
shown that this anti-CCR7 mAb is highly effective in pre-
clinical models of human mantle cell lymphoma (MCL)
[15]. In the present work, we describe the efficacy of this
anti-CCR7 mAb in killing leukemic cells from patients
with 17p- and/or FR disease and compare its activity with
anti-CD52 antibody alemtuzumab, the mAb with the high-
est efficacy in both subgroups of patients [11]. Our results
postulate anti-CCR7 immunotherapy as an attractive option
for patients with p53 abnormalities and/or with refractory
disease and also for patients not considered appropriate
candidates for alemtuzumab.
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Materials and methods
Samples, reagents and flow cytometry (FCM)

All patients included in this study had been previously diag-
nosed with CLL according to standard immunophenotypic,
morphological and clinical criteria [16]. The cytogenetics
of each patient was determined by FISH (fluorescence in
situ hybridization) according to the standard procedures.
All CLL patients had been without therapy for at least
2 months prior to donating samples. Peripheral blood sam-
ples were obtained from patients with informed consent in
accordance with the Declaration of Helsinki and under a
protocol approved by the Institutional Review Board of the
Hospital Universitario de La Princesa. The characteristics
of the 23 studied samples are summarized in Table 1 and
Supplementary Table 1.

An initial immunophenotypical characterization of fresh
whole blood cells was performed by 8-color FCM. Then,
peripheral blood mononuclear cells (PBMCs) were isolated
using Ficoll density gradient centrifugation (Ficoll-Paque
Plus, Amersham Biosciences, Piscataway, NJ). PBMCs
were incubated in RPMI 1640 media supplemented with
10 % heat-inactivated bovine serum, 2 mM L-glutamine
and 100 U/mL penicillin/100 pg/mL streptomycin at 37 °C
in an atmosphere of 5 % CO,.

CCR7, CD52 and CD20 expression was determined on B
and T cells by FCM using CD5-FITC (fluorescein isothiocy-
anate), CD19-APC (allophycocyanin), CD3-APC-H7 (allo-
phycocyanin-H7) (all from BD Biosciences, San Jose, CA),
CCR7-PE (phycoerythrin) (R&D Systems, MN), CD52-PE
(BD Biosciences) and CD20-PE (Biolegend, San Diego,
CA). In all cases, an appropriate PE-isotype control (IC)
was included and a minimum of 5000 neoplastic B cells was
acquired. Immunofluorescence staining was analyzed on a
FACSCanto II flow cytometer using Infinicyt v.1.3.0 (Cytog-
nos, Salamanca, Spain) and Diva v.2.4 (BD Biosciences)
softwares. Results are presented as the percentage of CCR7-
positive cells and the median fluorescence intensity of CCR7,
CD52 and CD20 expression relative to the IC (RMFI).

For the cytotoxicity assays, the therapeutic antibody
alemtuzumab was provided by the pharmacy at our center.
Purified mouse antihuman CCR7 mAb (150,503 clone,
IgG2a isotype) and the respective IC were obtained from
R&D Systems and were resuspended in sterile water. The
DNA dye 7-aminoactinomycin-D (7-AAD), used in cell
viability assays, was purchased from BD Biosciences.

Complement-dependent cytototoxicity (CDC)
CDC assays were performed as described previously

[14]. Briefly, 2 x 10° PBMC target cells were plated in a
96-well round-bottom plate together with the indicated
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Table 1 Characteristics of the studied patient samples

Patient ~ Rai del 17p FR  FAR  Other

Previous CDC

% B cell lysis after % B cell lysis after

number stage (FISH) cytogenetics treatment treatment with 5 wg/ml  treatment with 0.5 pg/ml

(FISH) either anti-CCR7 or either anti-CCR7 or
alemtuzumab alemtuzumab

1 I y n del 13q t(1) y 97.80 vs 92.45 93.64 vs 83.16

2 0 y n ut y 94.27 vs 89.70 94.45 vs 81.64

3 11 n n t(1) n nd nd

4 v n y t(2) y 98.66 vs 92.24 93.35 vs 83.26

5 v n y t(5) y 97.96 vs 96.62 72.36 vs 77.40

6 (0} y n ut y 96.94 vs 76.10 97.08 vs 17.16

7 1 y n t(1) y 96.84 vs 16.69 91.27vs 0

8 111 n n t(1) n nd nd

9 v y n t(1) y 87.82 vs 74.95 87.94 vs 5.18

10 1AY y y delllq t(5) y 99.06 vs 66.42 99.06 vs 12.83

11 1AY y y t(4) y 97.50 vs 92.76 90.84 vs 69.04

12 v n y del 11q t(2) y 91.06 vs 39.24 82.13 vs 30.62

13 v y y del 11q, del 13q  t(4) y 83.31 vs 53.87 63.18 vs 27.73

14 v y y del 11q t(3) y 94.55 vs 48.94 94.54 vs 33.37

15 0 n n t(1) n nd nd

16 v n y del 11q t(2) y 99.14 vs 96.98 86.72 vs 74.01

17 I y n del 13q t(1) y 98.97 vs 83.29 98.52 vs 39.12

18 1 n n ut n nd nd

19 v y y t(4) y 82.04 vs 63.29 80.02 vs 18.45

20 0 n n ut n nd nd

21 1 n n ut n nd nd

22 0 n n ut n nd nd

23 0 na n ut n nd nd

The table presents the cytogenetic abnormalities and refractory status of the studied patients, the CDC activity of anti-CCR7 mAb and alemtu-

zumab (anti-CD52)

FR fludarabine-refractory CLL, FAR CCL refractory to fludarabine and alemtuzumab, FISH fluorescence in situ hybridization, CDC comple-
ment-dependent cytotoxicity, y yes, n no, na not available, nd not determined, uf untreated, ¢ treated (number of lines)

concentrations of purified anti-CCR7, alemtuzumab (anti-
CD52) or IC antibodies. After 30 min at 37 °C, the cells
were washed and complete RPMI 1640 medium contain-
ing 25 % rabbit complement (Serotec, Oxford, UK) with or
without prior heat inactivation (56 °C, 30 min) was added.
After 1.5 h, the cells were stained with anti-CD19-FITC,
anti-CD3-PE and anti-CD5-APC mAb to discriminate
between CLL cells and T cell populations. 7-AAD was
used as a viability exclusion dye. The percentage of spe-
cific lysis (% SL) with heat-inactivated complement was
used to calculate the specific lysis with the formula: %
SL = 100 x (% dead cells with activated complement — %
dead cells with inactivated complement)/(100 — % dead
cells with inactivated complement).

Statistical analyses

The Statistical Package for the Social Sciences (SPSS)
software (version 15.0, SPSS Inc., Chicago, IL) was used

for the statistical analysis. To compare means between two
independent groups, ¢ test was used. Three or more groups
were compared by one-way analysis of variance (ANOVA).
When variances were not homogeneous according to Lev-
ene’s test, a Mann—Whitney U test was used. The differ-
ences were considered significant at a p value <0.05.

Results

CCRY7 is highly expressed on B cells from patients
with 17p- and/or with fludarabine-refractory disease

In order to determine whether patients with 17p- and/or
FR-CLL can profit from a potential novel therapy based
on an anti-CCR7 mAb, we first analyzed CCR7 surface
expression and compared it with CD52 and CD20 expres-
sions, the target proteins for alemtuzumab and rituximab,
respectively. Twenty CLL patients (Table 1) were recruited
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and distributed in three experimental groups and a control
group (Fig. 1): patients with FR-CLL and harboring 17p-
(F/D), patients not previously treated with fludarabine and
with 17p- (-/D) and patients with FR-CLL and both cop-
ies of p53 (F/-). As a control group, untreated patients with
normal cytogenetics (—/—) were included. Interestingly,
CCR7 was highly expressed on CLL cells and no differ-
ences were observed between the studied groups, except
in the F/— patients who had 3.1-fold lower CCR7 expres-
sion than the control group (p < 0.05, Fig. 1a). This reduc-
tion was also observed in the case of CD52 (1.6-fold lower
than controls) and CD20 (1.5-fold lower than controls).
Nonetheless, in this F/— group, CCR7 was 1.7-fold higher
than CD52 and 4.7-fold higher than CD20. As in controls,
patients with 17p- (F/D and —/D groups) expressed signifi-
cantly higher CCR7 levels than the levels determined for
CD52 and CD20. Moreover, patients with 17p- and not
treated with fludarabine (—/D group) displayed slightly
higher levels of CCR7 and CD52 than patients from the
control group (Fig. 1a).

When considering CCR7 mAb as a potential novel
therapy, one has to take into account potential side effects,
especially in T cells. When we analyzed the T cells from
the same patient groups, we observed that CCR7 levels in
controls and —/D patients were similar (Fig. 1b). As in the
case of CLL cells, CCR7 was diminished in T cells from
patients treated with fludarabine when compared to con-
trols (1.7-fold lower in F/D and 2.2-fold lower in F/-). In
contrast, CD52 expression was similar in all the groups
(Fig. 1b). In controls, CCR7 levels were similar to CD52
levels. In contrast, T cells in the rest of the groups dis-
played a statistically significant higher proportion of CD52
than CCR7. In all the groups, CCR7 displayed a bimodal
distribution in T cells due to the presence of CCR7-positive
T naive and regulatory and CCR7-negative T effector sub-
sets (Fig. 1c). These results point out that CCR7 expression
is high in tumor cells from patients that are in need of novel
treatments (Fig. 1c), particularly in the 17p- carriers with
or without previous exposition to fludarabine. In the case
of patients without the 17p deletion and FR, CCR7 surface
levels were lower than controls but high enough to fulfill
the requirements for mAb immunotherapy.

Anti-CCR7 mAb mediates a strong and specific in vitro
CDC of CLL cells from patients with 17p- and/or
with fludarabine-refractory disease

We have previously demonstrated that murine anti-CCR7
mADb exerts a strong CDC as main effector mechanism
against CLL cells [14]. In the present study, once we
proved that the malignant CLL cells from high-risk patients
express high levels of CCR7, we performed CDC assays
with fresh cells from the same patients (Table 1). The CDC

@ Springer

Fig.1 CCR?7 surface expression in 17p-deleted and/or fludarabine-
refractory CLL patients. a Relative median fluorescence intensity
(RMFI) in CLL cells. CLL cells from peripheral blood samples
(n = 20) were analyzed by FCM to determine CCR7, CD52 and
CD20 surface density measured as median relative to a correspond-
ing isotype control. Patients were distributed in four groups depend-
ing on their cytogenetic profile and fludarabine-refractory (FR) sta-
tus: —/—, patients with normal cytogenetics and no previous treatment
(n = 5); F/D, patients with 17p- and FR-CLL (n = 5); —/D, patients
with 17p- and fludarabine-naive CLL (n = 6); F/—, patients without
17p- and FR-CLL (n = 4). Bars represent mean =+ standard mean
error. b RMFI in T cells from CLL patient samples. CCR7, CD52
and CD20 were analyzed in T cells from the same blood samples as
shown in a. ¢ Frequency histograms showing CCR7, CD52 and CD20
in a representative patient of each group. The pattern and intensity
of each surface marker is shown in both B and T cells. All statistical
analyses in each group are referred to CCR7. *p < 0.05; **p < 0.01;
##%p < 0.001

assays were performed using different antibodies doses
(5-0.008 pg/ml). Anti-CD52 was chosen as reference
because it is the mAb with the highest efficacy in 17p- and/
or FR-CLL patients [9, 11].

In the patients with 17p- and FR-CLL (F/D), anti-CCR7
mADb has a potent CDC activity revealing itself as an inter-
esting therapeutic option. As shown in dose-response
experiments (Fig. 2a), a high proportion of CLL cells pre-
incubated with the anti-CCR7 mAb was killed after 1.5 h
of treatment with rabbit complement, whereas no signifi-
cant CDC was observed when the irrelevant IC was used.
Even concentrations as low as 0.125 pg/ml of anti-CCR7
mADb were sufficient to mediate CDC of CLL cells (mean
at 5 pg/ml was 84.7 % and at 0.125 pg/ml 53.1 %). Simi-
larly, the anti-CD52 mAb also mediated a significant CDC
(Fig. 2a); however, its activity was lower than CCR7. Fur-
ther, in T cells from these challenging patients, the CDC
mediated by anti-CD52 mAb was higher than that by
anti-CCR7 (Fig. 2b) at doses ranging from 5 (p < 0.01) to
0.5 pg/ml, which is a relevant point regarding potential
toxicities of anti-CCR?7 therapy.

Among all the groups, the best responses are observed in
CLL patients with 17p- but not treated before with fludara-
bine (-/D). These patients also showed the highest levels
of CCR7 (Fig. 1a), and the specific lysis with the mAb at
5-0.5 pg/ml reached almost 100 % in CLL cells (Fig. 2c¢).
Remarkably, anti-CCR7 mAb outperformed the rate of spe-
cific lysis mediated by anti-CD52 even at 0.032 pg/ml in
these patients. As was the case with the patients from group
F/D, anti-CCR7 mAb spared the T cells (Fig. 2d). The spe-
cific lysis of T cells at the highest concentration (5 pg/ml)
was 28.6 %, whereas with anti-CD52 it was 1.6-fold higher
(p <0.01).

Despite the lower CCR7 levels in the patients with FR-
CLL and no deletion of p53 genes (F/-), anti-CCR7 mAb
had also activity in this group (Fig. 2e) where the basal
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Fig. 2 Anti-CCR7 mAb mediates strong CDC of CLL cells spar-
ing T cells in 17p- and/or fludarabine-refractory CLL. PBMC from
the patients were incubated with anti-CCR7, anti-CD52 (alemtu-
zumab, Alem) or an isotype control (IC) at the indicated concentra-
tions and then exposed to rabbit complement for 1.5 h. Cell lysis was
determined in the different populations by staining CD19, CD3 and
CD5 and analyzing 7-AAD (7-aminoactinomycin-D) incorporation
by FCM. In all cases, the percentage of specific lysis was calculated

death caused by an irrelevant antibody was noticeable high
in probable relationship with a high susceptibility to unspe-
cific insults of these heavily treated cells. Further, neither
antibody had activity in T cell from these patients (Fig. 2f),
which is surprising since anti-CD52 is expressed at similar
levels in all the patient groups (Fig. 1b—c).

@ Springer

according to the formula shown in “Materials and methods”. a, b
CLL and T cells from patients with 17p- and fludarabine-refractory
(FR) CLL (n =5). C,d CLL and T cells from patients with 17p- and
fludarabine-naive CLL (n = 6). e and f CLL and T cells from patients
without 17p deletion and FR-CLL (n = 4). All statistical analy-
ses are referred to CCR7. Each dot, square or triangle represents
mean =+ standard mean error. *p < 0.05; **p < 0.01; ***p < 0.001

CCR7-mediated CDC is highly effective against CLL
cells from patients refractory to both fludarabine
and alemtuzumab (FAR)

CLL that is refractory to both fludarabine and alemtuzumab
(FAR) is associated with a very poor prognosis [7]. In our
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Fig. 3 Anti-CCR7 mAb complement-mediated activity is highly
effective against CLL cells from patients refractory to both fludara-
bine and alemtuzumab (FAR). PBMC from patients 10 and 14
(Table 1) were incubated with anti-CCR?7, anti-CD52 (alemtuzumab,
Alem) or an isotype control (IC) at the indicated concentrations and
then exposed to rabbit complement for 1.5 h. Cell lysis was deter-
mined in the different populations by staining CD19, CD3 and CD5
and analyzing 7-AAD (7-aminoactinomycin-D) incorporation by
FCM. In all cases, the percentage of specific lysis was calculated
according to the formula shown in “Materials and methods”. a Spe-
cific lysis of CLL cells from patient 10. b Specific lysis of CLL cells
from patient 14. In both patients, results from one experiment are
shown

cohort, patients 10 and 14 (Table 1) were considered FAR
and both presented an adverse cytogenetic profile with
17p- and 11q-. Therefore, the potential of anti-CCR7 mAb
to mediate CDC was analyzed separately in these patients
(Fig. 3). As expected, in patient 10 (Fig. 3a), the specific
lysis with anti-CD52 mAb was similar to the IC except in
the case of saturating doses where anti-CD52 activity was
2.6-fold higher at 5 pg/ml (IC 25.6 %, anti-CD52 66.4 %)
and 2.2-fold higher at 1 pg/ml (IC 25.7 %, anti-CD52
58.3 %). In contrast, anti-CCR7 activity was notably higher
than both IC and anti-CD52 at almost all doses. Similar
results were seen in the case of patient 14 (Fig. 3b) where
the specific lysis with anti-CD52 mAb was similar to IC

except at 5 wg/ml (IC 27.03 %, anti-CD52 48.9 %). Again,
anti-CCR7 activity was notably higher than anti-CDS52 in
the majority of the doses tested.

CCRY7 surface levels are high in both untreated and treated
CLL patients

As shown in this work, cells from high-risk CLL express
high CCR7 surface levels. As these patients receive a high
number of different treatments, our next question was
whether CCR7 remains high in heavily treated patients. For
this reason, we determined CCR7 expression in untreated
CLL patients, in previously treated patients with one line
of therapy and in patients who had received two, three or
more different therapies. As seen in Fig. 4a, CCR7 levels
were high in both untreated (UT) and treated (T) patients.
Moreover, CCR7 expression was high in the majority of
patients regardless prior treatments (Fig. 4). In both UT and
T, CCR7 levels were significantly higher than CD20 and
CD52 levels (p < 0.01), whereas no significant differences
were observed in CCR7 between these groups. Interest-
ingly, CCR7 expression remained high even after several
treatment regimens (Fig. 4b). CCR7 levels were similar
between UT patients and patients who had received one line
(92.2 £ 32.7 vs 83.2 £ 14.7) or two lines (data not shown)
of treatment. Patients who had received additional treat-
ments (three, four or five), showed a reduction in CCR7
levels (92.2 + 32.7 in UT vs 45.2 £ 13.7 in T > 3); how-
ever, this lost of fluorescence intensity was also observed
in the case of CD20 (10.5 & 2.3 in UT vs 4.3 & 1.7 in
T > 3) and CD52 levels (27.2 &+ 7.4 in UT vs 20.8 & 4.6
in T > 3) (Fig. 4a-b). In addition, our results demonstrated
that the proportion of pathological CCR7 4 CLL cells was
highly homogenous after all the different lines of treatment
regardless the therapeutic repertoire used. When we deter-
mined the percentage of CLL cells positive for CCR7 and
CD52, we observed no differences in untreated patients and
patients receiving only one treatment (Fig. 4¢). In the case
of patients treated with three or more lines of treatment, the
percentage of CCR7-positive cells remained close to 100 %
in almost all patients, whereas the percentage of CD52-
positive cells decreased in a number of patients to around
85 % (Fig. 4c).

Anti-CCR7 mAb mediates a slight CDC activity
against normal B cells

Finally, to complete the evaluation of the potential unde-
sirable effects of anti-CCR7 therapy, we assessed whether
normal B cells expressing CCR7 were eliminated by the
mAb. As seen in Fig. 5a-b, CCR7 is expressed less in nor-
mal B cells compared to CLL cells (Fig. 1). In contrast,
CD52 RMFI is 4.7-fold higher than CCR7 (12.12 £ 7.17 in
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Fig. 4 CCR7 surface levels are high in heavily treated CLL »

patients. a Relative median fluorescence intensity in CLL cells from
untreated or treated patients. PBMC samples from 23 CLL patients
were co-stained with anti-CD19-FITC and anti-CD5-APC mono-
clonal antibodies, and either with a PE-conjugated isotype control
mAb, a PE-conjugated antihuman CCR7 mAb, a PE-conjugated
antihuman CD52 mAb, or a PE-conjugated antihuman CD20 mAb.
Cells were analyzed by FCM, and CCR7, CD52 and CD20 sur-
face density was measured. Relative median fluorescence intensity
(RMFI) of each marker respect to the isotype control is represented.
Bars represent mean + mean standard error. UT, untreated patients
(n = 17), T, treated patients (n = 16). Statistical analysis was done
by comparing CCR7 with CD52 and CD20. *p < 0.05; **p < 0.01;
**%p < 0.0001. b CCR7 levels are high in heavily treated patients.
The same CLL patients as presented in a were classified according
to the number of treatments received. CCR7, CD52 and CD20 sur-
face density was analyzed, and relative median fluorescence intensity
(RMFI) is shown. Bars represent mean + mean standard error. UT,
untreated patients (n = 7); T(1), patients treated once (n = 7); T(>3),
patients treated three or more times (n = 6). *p < 0.05; **p < 0.01;
**%p < 0.0001. ¢ The number of CCR7-positive CLL cells remains
high in heavily treated patients. The same CLL patients analyzed in
a were classified according to the number of treatments received,
and the percentage and mean of CCR7-positive and CD52-positive
cells were determined. UT, untreated patients (n = 7); 7T(1), patients
treated once (n = 7); T(>3), patients treated three or more times
(n=0)

CCR7 vs 57.4 &+ 20.7 in CD52) explaining the high CDC
activity of anti-CD52 antibodies observed in normal B
cells (Fig. 5¢). These results confirm our previously stated
notion that CDC activity correlates with CCR7 surface den-
sity [14] and once more highlight a potential low toxicity
associated with anti-CCR7 therapy.

Discussion

CLL patients with a disease refractory to fludarabine CIT
and/or 17p- remain a major clinical problem with only a
few standard therapeutic options. Newly diagnosed patients
with abnormalities in the p53 pathway or FR-CLL patients
with acquired high-risk chromosomal abnormalities are
expected to have resistance to therapies that depend on
DNA damage or interference with its repair [9]. Thus, new
therapies with p53-independent mechanisms such as mAb
are needed for the treatment of these patients.

In the present work, we tested the activity of an anti-
CCR?7 antibody in highly challenging CLL patients. Our
results indicate that this kind of mAb positions as an inter-
esting therapeutic tool. Firstly, CCR7 outperformed the in
vitro cytotoxicity of the humanized anti-CD52 mAb alem-
tuzumab, the mAb with the highest efficacy in patients
with 17p- and FR-CLL [17-20]. Secondly, anti-CCR7
mAb revealed less toxicity in vitro than anti-CD52 mAb
in non-tumor cells and postulates a less toxicity in vivo,
in part due to the restricted expression of CCR7 in hema-
tological populations [14]. Our results suggest that the
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treatment of challenging CLL with anti-CCR7 mAb, even
at low concentrations, may result in an effective elimina-
tion of the tumor cells without lysing CCR7-negative T
cells. In contrast, anti-CCR7 therapy eliminates CCR7 + T
cells, including the natural regulatory T cells subset that is
significantly increased in CLL patients [21] and contrib-
utes to the induction and maintenance of the tumor toler-
ance [22]. This way, one can expect that anti-CCR7 therapy
may overcome the tumor tolerance mediated by this subset
of cells. Moreover, CCR7 is expressed in the majority of
peripheral blood B cells, including naive, memory, switch
memory and transitional B cells [23, 24]. However, spe-
cific lysis of normal B cells expressing CCR7 is limited
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Fig. 5 Anti-CCR7 mediates a slight complement-mediated cyto-
toxicity in CD19 + cells from healthy donors. a Relative median
fluorescence intensity (RMFI) in healthy B cells. B cells from
healthy donors (n = 6) were analyzed by FCM to discriminate
their corresponding CCR7 and CD52 surface density measured as
median relative to an appropriate isotype control (IC). Bars repre-
sent mean =+ standard mean error. The statistical analysis is referred
to CCR7. ***p < 0.001. b Frequency histograms showing CCR7
and CD52 in a representative healthy donor. The pattern and inten-
sity of each surface marker is shown in B cells from a representa-

probably as a result of the lower expression of CCR7 in
these cells when compared with CLL cells. For this reason,
targeting CCR7 could affect B cell homing during antigen-
dependent and independent B cell differentiation; however,
CCR7-deficient mice show splenic B cell responses upon
bacterial challenge [25]. In addition, as B cell bone mar-
row precursors and plasma cells lack CCR7 [12], it is likely
that CCR7 therapy would not affect B cell lymphopoiesis

0,125 0,032 0,008  [ug/mi]

tive healthy donor. ¢ Percentage of specific lysis in healthy B cells.
PBMC from healthy donors (n = 4) were incubated with different
concentrations of anti-CCR7, alemtuzumab (anti-CD52, Alem) or
the respective isotype control (IC) in the presence of 25 % of either
active or heat-inactivated rabbit complement. Percentage of cell lysis
as a result of CDC was determined according to the formula stated
in “Materials and methods” by 7-AAD incorporation and FCM anal-
ysis in gated CD19 + cells. Each dot, square or triangle represents
mean =+ standard mean error. All statistical analyses are referred to
CCR7. *p < 0.05; **p < 0.01; ***p < 0.001

nor immunoglobulin secretory function. Finally, mice
treated with anti-CCR7 mAb have not shown any evident
unwanted effect caused by the treatment [15].

In addition to CLL patients with 17p-, there is a smaller
group of patients with inactivating mutations of the p53
gene, which also have a poor response to conventional
therapy and inferior survival [4]. Although we have no
data regarding this population, similar results would be
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expected as in both cases the mechanism of action of anti-
CCR7 mAb will be the same and p53-independent. Inter-
estingly, our data show efficacy of the anti-CCR7 mAb in
another important component of the p53 pathway, the ATM
(ataxia telangiectasia mutated) protein whose gen is located
at 1122 [26]. In five patients with 11q- (Table 1, patients
10, 12, 13, 14 and 16), anti-CCR7 exerted a potent activ-
ity confirming that anti-CCR7 therapy may be extended to
patients with other high-risk cytogenetics.

CLL that is FAR is associated with a very poor progno-
sis with a reported median OS of 8 months in this group
[7, 11]. In these patients, the fully human anti-CD20 mAb
ofatumumab (HuMax-CD20)(Arzerra) is effective as sin-
gle agent although in the case of patients with 17p-, the
reported efficacy is lower [27, 28]. Our preliminary data
with this FAR group have also pointed out that anti-CCR7
mADb can be effective even in FAR patients with 17p-.

According to our present and previous data [14], the only
factor affecting the magnitude of CDC with anti-CCR7
mADb is the expression levels of the receptor. As CCR7 sur-
face density is notably high in CLL patients regardless the
number of received treatments, CCR7 can be defined as an
ideal surface target for immunotherapy in this group. How-
ever, CCR7 is slightly downregulated in patients previously
treated with fludarabine, which is known to decrease mem-
brane expression of some proteins such as CD20, CD55
and CD59 on CLL cells [29] by diminishing mRNA levels.
Thereby, this mechanism of action could potentially also
affect CCR7. Another drug that theoretically could affect
CCR7 levels in heavily treated patients is lenalidomide,
which enhances CD20 internalization without influencing
transcription [30]. Whatever the mechanism inducing this
downregulation is, it seems clear that CCR7 surface levels
are high enough to induce a potent CDC activity in these
patients.

In its current form, the anti-CCR7 IgG2a mAb used
in this study neither is an activator of ADCC [14] (Sup-
plementary Fig. 1) nor has direct pro-apoptotic effects in
CLL cells (Supplementary Fig. 2). However, this mAb has
a potential additional mechanism to induce CLL cell death
by blocking the CCR7 ligands interaction, which increases
CLL cell viability through PI3K3, ERK and JNK signal-
ing [13, 31]. Nevertheless, current techniques are useful to
obtain and optimize the desired characteristics of a thera-
peutic mAb [32, 33]. Once available, a human anti-CCR7
molecule may be used as a single agent or can be combined
with most novel agents in development, particularly with
molecules targeting the microenvironment such as CXCR4
antagonists [34] and the emerging BCR pathway inhibitors,
such as the kinase inhibitors ibrutinib and idelalisib, that in
recent works have demonstrated to improve PES and OS
in high-risk CLL [35-37]. Future studies in CLL combin-
ing these agents with an anti-CCR7 mAb are guaranteed as

@ Springer

treatment combinations with mAb will be likely more pur-
sued in order to avoid potential acquired resistances [35].
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